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ABSTRACT
Background For small cell lung cancer (SCLC) therapy, 
immunotherapy might have unique advantages to some 
extent. Galectin- 9 (Gal- 9) plays an important role in 
antitumor immunity, while little is known of its function in 
SCLC.
Materials and methods By mean of 
immunohistochemistry (IHC), we tested the expression 
level of Gal- 9 and other immune markers on both tumor 
cells and tumor- infiltrating lymphocytes (TILs) in 102 
surgical- resected early stage SCLC clinical samples. On 
the basis of statistical analysis and machine learning 
results, the Gal- 9- based immune risk score model was 
constructed and its predictive performance was evaluated. 
Then, we thoroughly explored the effects of Gal- 9 and 
immune risk score on SCLC immune microenvironment 
and immune infiltration in different cohorts and platforms.
Results In the SCLC cohort for IHC, the expression level 
of Gal- 9 on TILs was statistically correlated with the levels 
of program death- 1 (p=0.001), program death- ligand 1 
(PD- L1) (p<0.001), CD3 (p<0.001), CD4 (p<0.001), CD8 
(p<0.001), and FOXP3 (p=0.047). High Gal- 9 protein 
expression on TILs indicated better recurrence- free 
survival (30.4 months, 95% CI: 23.7–37.1 vs 39.4 months, 
95% CI: 31.6–47.3, p=0.009). The immune risk score 
model which consisted of Gal- 9 on TILs, CD4, and PD- L1 
on TILs was established and validated so as to differentiate 
high- risk or low- risk patients with SCLC. The prognostic 
predictive performance of immune risk score model 
was better than single immune biomarker (area under 
the curve 0.671 vs 0.621–0.644). High Gal- 9- related 
enrichment pathways in SCLC were enriched in immune 
system diseases and rheumatic disease. Furthermore, we 
found that patients with SCLC with low immune risk score 
presented higher fractions of activated memory CD4 T 
cells than patients with high immune risk score (p=0.048).
Conclusions Gal- 9 is markedly related to tumor- immune 
microenvironment and immune infiltration in SCLC. This 
study emphasized the predictive value and promising 
clinical applications of Gal- 9 in stage I–III SCLC.

INTRODUCTION
Lung cancer is the most common malignancy 
around the world, and the primary cause 
of cancer- associated deaths.1 2 Small cell 
lung cancer (SCLC), accounting for around 
10%–15% in all pathology types of primary 

lung cancers, is known for its high degree 
of malignancy, low differentiation, rapid 
progression and poor prognosis.1–3 Most of 
patients with SCLC are first diagnosed with 
extensive disease (ED) beyond surgical indi-
cations.4 In the past decades, platinum- based 
chemotherapy, with or without radiotherapy, 
was still recommended as the standard first- 
line therapy for SCLC.5–8 However, about 
40% of patients with SCLC remain insensi-
tive to chemotherapy.9–11 Recently, immu-
notherapy showed certain advantages in the 
treatment of SCLC.9 12–15 Showing improve-
ments in patient prognosis, atezolizumab, 
one of programmed death ligands- 1 (PD- 
L1) inhibitors, was approved by the Food 
and Drug Administration in the treatment of 
ED- SCLC.12 Two phase III studies, CASPIAN 
and IMPOWER 133, also suggested that the 
survival time was prolonged when immu-
notherapy was added in traditional chemo-
therapy, comparing with chemotherapy 
alone.9 12 Nevertheless, in another phase III 
study, CheckMate 331, immunotherapy did 
not benefit survival as second- line treatment 
for patients with SCLC after progress from 
chemotherapy.16 Therefore, it is necessary to 
precisely select patients with SCLC who might 
benefit from immunotherapy.

Galectin- 9 (Gal- 9) is one of soluble lectins 
with two binding sites of β-galactoside with 
three classical isoforms.17–19 Gal- 9 plays a 
significant role in innate and adaptive immu-
nity. It is reported that Gal- 9 could damage 
the function of some CD4 positive T cells 
which were also known as helper T lympho-
cytes (Th), and innate immune cells.20 21 
Gal- 9 also participated in the differentiation 
of induced T regulatory cells (iTregs).22 
However, several former researches also 
showed the positive immunological effect of 
Gal- 9. Gal- 9 promoted the activity of various 
kinds of immune cells, such as dendritic 
cells, macrophages and natural killer (NK) 
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cells.23 24 Recently, Gal- 9 was a promising therapeutic 
target in various types of cancers. In lung cancer- bearing 
mice, Gal- 9 promoted survival by inducing the differen-
tiation of macrophages.25 The apoptosis of tumor cells 
induced by Gal- 9 was observed in liver cancer and esoph-
ageal carcinoma.26–28 In our study, we aimed to reveal the 
expression patterns of Gal- 9 on tumor cells and tumor- 
infiltrating lymphocytes (TILs) by immunohistochemistry 
(IHC) tests, as well as its connection with other immune 
markers in SCLC. We also conducted survival analysis 
comparing patients with different Gal- 9 levels. Further-
more, we investigated how Gal- 9 regulates the SCLC- 
immune microenvironment and immunophenotype by 
comprehensive bioinformatic analysis.

PATIENTS AND METHODS
Patients
From 2014 to 2018, 102 SCLC surgery specimens were 
collected from the Shanghai Pulmonary Hospital, China. 
Two independent reviewers screened the pathological 
types and surgical histology reports (Chunyan Wu and 
Liping Zhang). The tumor- node- metastasis staging system 
version 8th was applied. Samples were obtained following 
written informed consent from all participants.

IHC for Gal-9
After dewaxing by xylene and alcohol, all formalin- fixed, 
paraffin- embedded tissue slides were rinsed with distilled 
water. Then, the target retrieval solution kit (DM828 or 
DM829, Dako) was used for antigen repairing. In order 
to reduce the background staining, we used 3% hydrogen 
peroxide. Primary antibodies (Galectin- 9, NBP2- 45619, 
Novusbio), and secondary antibodies which were goat- 
anti- Mouse/Rabbit IgG that labeled with horseradish 
peroxidase were applied standardly.

The Gal-9 IHC cut-off value
Two independent pathologists (Chunyan Wu and Liping 
Zhang) reviewed all clinical samples (online supple-
mental table S1). Once discrepant evaluations were 
obtained, they reviewed together to arrive at consensus 
results. More than 30% staining was the cut- off of Gal- 9 
on TILs. On tumor cells, all positive stains of Gal- 9 were 
regarded as positive. The screening process to find the 
best cut- off point was completed by survival analysis.19 29

eXtreme Gradient Boosting and risk score models
We adapted the eXtreme Gradient Boosting (XGBoost) 
algorithm to construct XGBoost predictive models by 
various immune biomarkers and clinical features.30 As a 
machine- learning technique, XGBoost algorithm could 
work with the data of first and second derivatives to 
discovery non- linear relationship. It also could employ 
regularization item to control the overfitting and overly 
complex of predictive model, and provide the contri-
bution of each feature to the outcome. To be specific, 

the corresponding formula of regularization item is as 
followed:

 Ω(fk) = γT + 1
2λ ∥w∥2

  

where T represents the number of leaves, W is defined 
as the magnitude of leaf weights. Both γ and λ are two 
penalty parameters that could respectively control 
penalty for T and W. By means of cross- validation, the 
penalty parameter is chosen. In the process of pruning, 
the threshold value of γ helps restrict the internal nodes 
of tree. During the process of smoothing, coefficient λ 
was added, thus finally avoid overfitting.

In the study, the whole cohort was randomly divided 
into the calibration subset and training subset which 
accounted for 70%. The final XGBoost survival models 
were composed of the top three predictive features and 
limited to the maximum depth of 6. Further, the process 
of model construction was repeated for 1000 times so as 
to fully use the sample information. The predictive value 
of the XGBoost model was visualized by the log- rank test. 
Then, we combined results of XGBoost model which 
ranked the relative importance of each signature and Cox 
multivariate model which offered coefficients of selected 
features to construct risk score models for patients with 
SCLC. The prognostic risk score equation of immune 
biomarkers was: immune risk score=(–0.550*Gal- 9 on 
TILs)−(0.295*CD4)–(0.407*PD- L1 on TILs). The perfor-
mance of risk score model was assessed by the areas under 
time- dependent receiver- operating characteristic (ROC) 
curves (AUCs). The larger the AUCs, the higher the 
quality of prognostic prediction of XGBoost predictive 
model.

Clinical value of Gal-9 and risk score model in advanced SCLC
In order to further evaluate the predictive value of Gal- 9 
and immune risk score in advanced patients, we used 
the cBioportal Database (https://www. cbioportal. org). 
The enrolled cBioportal dataset must meet the following 
inclusion criteria1: mRNA sequencing for tumor tissues 
from patients with clinical stage IV SCLC,2 complete 
mRNA expression data,3 prognostic information from 
patients with clinical stage IV SCLC.

Validation of Gal-9 expression in SCLC
In order to verify the expression of Lgals9 mRNA which 
encodes Gal- 9 protein in SCLC cell lines and tumor tissues, 
we used the Cancer Cell Line Encyclopedia (CCLE) Data-
base (https:// portals. broadinstitute. org/ ccle)31 and the 
Gene Expression Omnibus (GEO) Database (https://www. 
ncbi. nlm. nih. gov/ geo/). As one of cancer- related data-
bases, CCLE currently summarizes the expression level of 
more than 80,000 genes in total 1457 cancer cell lines. GEO 
is a public genome database which provides various kinds of 
gene expression data of corresponding study. The mRNA 
expression data from GEO were identified according to the 
following inclusion criteria1: mRNA sequencing for tumor 
tissues from patients with clinical SCLC,2 mRNA sequencing 
for normal tissue,3 complete mRNA expression data. The 
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following exclusion criteria were considered1: insufficient 
data were available to compare gene expression,2 mRNA 
sequencing for animals or cell lines. After downloading 
suitable expression profiling from GEO, limma R package 
was used for screening differently expressed genes (DEGs) 
between tumor and controlled group.

Gene Set Enrichment Analysis
In order to explore different biological pathways between 
high Gal- 9 expression group and low Gal- 9 expression 
group, the Gene Set Enrichment Analysis (GSEA) soft-
ware (V.4.0.3) was employed.32 We divided the mRNA 
expression dataset of GEO into two groups evenly based 
on the Gal- 9 expression level and kept all parameters in 
GSEA set at their defaults. The network between Gal- 9 
and Gal- 9- related genes with strong correlation (>0.6) was 
visualized by Cytoscape software (V.3.7.1; https:// cytos-
cape. org/).33

The landscape of immune infiltration in patients with SCLC
To investigate the landscape of immune infiltration in 
patients with SCLC with high and low immune risk, we 
applied CIBERSORT method to the mRNA expression 
profile. As one of online databases for immune- infiltration 
analysis, CIBERSORT provides relative proportion of 22 
human immune cell types in tumor tissues on the basis of 
deconvolution method.34 LM22 is a leukocyte gene signa-
ture matrix with high sensitivity and specificity for esti-
mating 22 human immune phenotypes, including naive 
B cells, memory B cells, CD8 T cells, different CD4 T 
cell types, Tregs, NK cells, plasma cells, monocytes, three 
macrophages types, and dendritic cells. According to the 
calculation results of immune risk score based on the 
expression level of Lgals9, CD4 and CD274 that encode 
PD- L1, 23 SCLC clinical samples were divided into high- 
risk and low- risk group. Then, by combining CIBER-
SORT with LM22, the assessment of the component of 
22 immune cells in each clinical sample of high- risk and 
low- risk group was obtained.

Statistical analysis
We evaluated the correlation analysis between Gal- 9 status 
and clinical factors or program death- 1 (PD- 1)/PD- L1 by Χ2 
tests. Through taking multiple characteristics into account, 
we used univariate and covariate logistic regression analysis 
for predicting Gal- 9 expression. We also performed Cox 
regression analysis and Kaplan- Meier method, which helped 
compare the prognosis conditions of different groups. All 
statistical examines were two- sided, and the p value smaller 
than 0.05 was defined as statistical significance. By means of 
X- tile software (V.X86, Yale University, USA), we picked the 
best cut- off value of immune risk score. The statistical tool 
SPSS (V.22.0) and the R Programming Language (V.4.0.1) 
for Windows were installed for the data analysis.

RESULTS
Patient features
There are 102 patients in total, with a mean age of 62.7. 
The majority of patients were under 70 years old (79/102, 

77.5%). Among all enrolled participants, men (84/102, 
82.4%) were more than women (18/102, 17.6%). There 
were 58 (56.9%) non- smokers, and 44 (43.1%) were 
smokers. All patients were stage I–III. In the cohort as a 
whole, stage I–II accounted for a little more than half (60, 
58.8%) (table 1).

More than half of patients received treatment after 
surgery, including chemotherapy alone (40/102, 39.2%), 
radiotherapy alone (1/102, 0.01%), and chemotherapy 
plus radiotherapy (26/102, 25.5%). All enrolled patients 
had pulmonary nodules which were highly suspected as 
malignant tumor by imaging examination, thus receiving 
surgery to further confirm pathological types and 
follow- up care. However, a total of 35 patients with SCLC 
were treated with surgery alone because of some practical 
reasons, such as the contraindication of chemotherapy, 
financial stress, and personal willingness of refusal of 
postoperative treatment. In addition, a small group of 
patients relapsed and died within a month, thus losing 
the chance of postoperative treatment.

Gal-9 expression and its correlation with clinical and immune 
parameters
In all specimens, 32 (31.4%) were positive Gal- 9 expres-
sion on tumor cells and 28 (27.5%) were positive Gal- 9 
expression on TILs (figure 1). There was no significant 
correlation among clinical factors and Gal- 9 level on 
tumor cells when gender, age, smoking status, metastasis 
status and SCLC staging were taken into consideration 
(p>0.05). Similarly, negative results were obtained in the 
Gal- 9 level on TILs (p>0.05) (table 2).

Through summarizing the correlation between Gal- 9 
on TILs and other immune biomarkers, we detected that 
the status of Gal- 9 on TILs had widespread contacts with 
other immune checkpoints or immune cell level including 
PD- 1 on TILs (p=0.001), PD- L1 on TILs (p<0.001), CD3 
(p<0.001), CD4 (p<0.001), CD8 (p<0.001), and FOXP3 
(p=0.047). However, results among different PD- L1 status 
on malignant cells, there was no significance of the TILs’ 
Gal- 9 status in statistics (p=0.182). The p value, which 
was higher than 0.05, illustrated that the degree of Gal- 9 
expression on malignant cells was not significantly related 
to immune biomarkers that were taken into consider-
ation (table 3).

Logistic regression analysis of Gal-9 expression
By modifying relevant parameters, ORs and corre-
sponding 95% CIs were summarized in online supple-
mental tables 2 and 3. On TILs, logistic regression analysis 
identified that the OR for Gal- 9 status was 11.581 (95% 
CI, 2.093–64.083; p=0.005) when samples revealed CD3 
positive compared with those revealed negative. Regret-
fully, none of other variables included had a statistically 
significant effect on SCLC cancer cells’ Gal- 9 status.

Relationship between Gal-9 status and prognosis in SCLC
In this study with 102 patients enrolled, the median 
recurrence- free survival (RFS) was 18.0 months, 56 
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(54.9%) patients had relapsed by the end of 2018. The 
median RFS calculated by the KM analysis was 32.0 
months. In addition, the median RFS calculated by the 
KM analysis of stage I–II and stage III SCLC was 63.0 

months, and 14.7 months, respectively. In all 60 patients 
in stage I–II, 25 (41.7%) reached the end event for RFS 
(median 19.0 months). The median RFS for all 42 patients 
with stage III SCLC was 15.0 months, among whom 31 

Table 1 Patients’ characteristics (n=102)

Characteristic N (%) Characteristic N (%)

Gender T stage*

  Female 18 (17.6)   1 40 (39.2)

  Male 84 (82.4)   2 47 (46.1)

Age, median, years 62   3 13 (12.7)

  <70 79 (77.5)   4 2 (2.0)

  ≥70 23 (22.5) N stage*

Smoking status   0 44 (43.2)

  Non- smoker 58 (56.9)   1 23 (22.5)

  Smoker 44 (43.1)   2 34 (33.3)

SCLC staging*   3 1 (1)

  I–II 60 (58.8) Metastasis†

  III 42 (41.2)   No 98 (96.1)

Postoperative treatment‡   Yes 4 (3.9)

  Not receive 35 (34.3)   

  Chemotherapy 40 (39.2)   

  Radiotherapy 1 (0.01)   

  Chemotherapy plus radiotherapy 26 (25.5)   

The cohort was also used to explore FOXP3 and HLA class II expression in SCLC.
*Pathological stage.
†Clinical stage: metastasis considered by clinical imaging before surgery.
‡All treatment after surgery.
N, lymph node; SCLC, small cell lung cancer; T, tumor.

Figure 1 The expression of Gal- 9 on cancer cells and TILs. Gal- 9, galectin- 9; IHC, immunohistochemistry; TILs, tumor- 
infiltrating lymphocytes.
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(73.8%) had relapsed. With Kaplan- Meier method for 
time to relapse as the criterion standard, we analyzed the 
differences between positive Gal- 9 and negative Gal- 9 on 
TILs or tumor cells. We found that the positive Gal- 9 on 
TILs demonstrated better RFS (RFS 30.4 months, 95% CI: 
23.8–37.1 vs 39.4 months, 95% CI: 31.6–47.3, p=0.009). 
For the status of Gal- 9 expression on tumor cells, the 
mean time of RFS was 32.0 months (95% CI, 22.2–41.8
）in the positive group, and 35.1 months (95% CI, 28.0–
42.3) for patients with SCLC with negative Gal- 9 status. In 
spite of a difference between two datasets, no significance 
was showed in statistical terms (p=0.714; figure 2).

We carried out the subgroup analysis based on Gal- 9 
level on TILs (figure 3 and online supplemental figure 
S1). It is worth noting that both Gal- 9 and PD- 1 on 
TILs positive (vs either Gal- 9 and PD- 1 on TILs positive 
or both Gal- 9 and PD- 1 on TILs negative; 39.4 months, 
95% CI: 29.9–48.9 vs 33.1 months, 95% CI: 25.0–41.2 vs 
28.8 months, 95% CI: 21.1–36.4, p=0.040), both Gal- 9 
and PD- L1 on TILs positive (vs either Gal- 9 and PD- L1 on 
TILs positive or both Gal- 9 and PD- L1 on TILs negative; 
42.2 months, 95% CI: 33.5–50.9 vs 28.3 months, 95% CI: 
21.3–35.3 vs 28.9 months, 95% CI: 21.7–36.1, p=0.014), 
both Gal- 9 on TILs and CD3 positive (vs either Gal- 9 on 
TILs and CD3 positive or both Gal- 9 on TILs and CD3 
negative; 40.4 months, 95% CI: 32.7–48.2 vs 35.4 months, 
95% CI: 23.7–47.2 vs 27.9 months, 95% CI: 20.1–35.7, 
p=0.012), both Gal- 9 on TILs and CD4 positive (vs either 
Gal- 9 on TILs and CD4 positive or both Gal- 9 on TILs 
and CD4 negative; 44.2 months, 95% CI: 35.9–52.5 vs 
24.5 months, 95% CI: 16.7–32.3 vs 30.4 months, 95% CI: 
23.5–37.4, p=0.017), either Gal- 9 on TILs or CD8 positive 
(vs both Gal- 9 on TILs and CD8 positive or both Gal- 9 

on TILs and CD8 negative; 45.5 months, 95% CI: 33.1–
57.9 vs 41.3 months, 95% CI: 31.9–50.6 vs 27.9 months, 
95% CI: 21.1–34.7, p=0.005) was notably correlated with 
longer RFS in SCLC. In spite of the significantly prog-
nostic differences in the subgroups of Gal- 9 on TILs in 
combination with PD- L1 on cancer cells (p=0.046) or 
FOXP3 (p=0.014), the double immune biomarkers posi-
tive group failed to fully reflect the objective fact for its 
limited sample size. The subgroup analysis of Gal- 9 level 
on cancer cells in combination with PD- 1, PD- L1, CD3, 
CD4, CD8, and FOXP3, respectively, showed no signifi-
cant difference among different groups, which indicated 
the failure of Gal- 9 on tumor cells in predicting the RFS 
in SCLC (online supplemental figure S2).

Cox regression for survival analysis
Univariate and multivariate Cox regression models with 
categorical variables were established in sequence, for the 
purpose of adjusting for potential confounding charac-
teristics and identifying prognostic factors. The HRs and 
their 95% CIs were calculated for assessment. By univar-
iate Cox regression, SCLC staging (p=0.006) and Gal- 9 
level on TILs (p=0.012) were considered as the mean-
ingfully predictive biomarkers for RFS. Multivariate Cox 
regression analysis further indicated that positive Gal- 9 
on TILs (vs negative GAL- 9 on TILs; p=0.024, HR 0.436, 
95% CI: 0.212–0.897), and SCLC stage I–II (vs SCLC stage 
III; p=0.014, HR 1.951, 95% CI: 1.146–3.322) were signifi-
cantly related to better prognosis (table 4).

Construction of the risk score model by XGBoost
Given the significant significance of subgroup analysis 
which all included Gal- 9 level on TILs, we proposed the 

Table 2 Relationship between galectin- 9 (Gal- 9) and clinical factors

Variables

Gal- 9 expression on tumor cells Gal- 9 expression on TILs

Negative Positive P value Negative Positive P value

Gender

  Female 12 (66.7%) 6 (33.3%) 0.843 15 (83.3%) 3 (16.7%) 0.259

  Male 58 (69.0%) 26 (31.0%) 59 (70.2%) 25 (29.8%)

Age (years)

  <70 57 (72.2%) 22 (27.8%) 0.155 56 (70.9%) 23 (29.1%) 0.486

  ≥70 13 (56.5%) 10 (43.5%) 18 (78.3%) 5 (21.7%)

Smoking status

  Non- smoker 38 (65.5%) 20 (34.5%) 0.437 44 (75.9%) 14 (24.1%) 0.389

  Smoker 32 (72.7%) 12 (27.3%) 30 (68.2%) 14 (31.8%)

Metastasis

  Negative 68 (69.4%) 30 (30.6%) 0.588 71 (72.4%) 27 (27.6%) 1.000

  Positive 2 (50.0%) 2 (50.0%) 3 (75.0%) 1 (25.0%)

SCLC staging

  Stage I–II 41 (68.3%) 19 (31.7%) 0.939 41 (68.3%) 19 (31.7%) 0.254

  Stage III 29 (69.0%) 13 (31.0%) 33 (78.6%) 9 (21.4%)

SCLC, small cell lung cancer; TILs, tumor- infiltrating lymphocytes.
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hypothesis that Gal- 9 level on TILs had the meaningful 
interrelation with other immune biomarkers. To confirm 
this conjecture, XGBoost was first used for features selec-
tion. The diagram of feature importance to outcome 

which comprised all immune biomarkers illustrated that 
Gal- 9 on TILs ranked first, CD4 second, and PD- L1 on 
TILs third (figure 4A). By incorporating top three vari-
ables, XGBoost results showed that the predictive curve 

Table 3 Relationship between galectin- 9 (Gal- 9) and other checkpoints

Variables

Gal- 9 expression on tumor cells Gal- 9 expression on TILs

Negative Positive P value Negative Positive P value

Gal- 9 on tumor cells

  Negative / / / 51 (72.9%) 19 (27.1%) 0.918

  Positive 23 (71.9%) 9 (28.1%)

PD- 1 on TILs

  Negative 42 (65.6%) 22 (34.4%) 0.396 54 (84.4%) 10 (15.6%) 0.001

  Positive 28 (73.7%) 10 (26.3%) 20 (52.6%) 18 (47.4%)

PD- L1 on TILs

  Negative 47 (66.2%) 24 (33.8%) 0.423 61 (85.9%) 10 (14.1%) <0.001

  Positive 23 (74.2%) 8 (25.8%) 13 (41.9%) 18 (58.1%)

PD- L1 on tumor cells

  Negative 67 (67.7%) 32 (32.3%) 0.550 73 (73.7%) 26 (26.3%) 0.182

  Positive 3 (100.0%) 0 (0.0%) 1 (33.3%) 2 (66.7%)

CD3

  Negative 37 (68.5%) 17 (31.5%) 0.980 52 (96.3%) 2 (3.7%) <0.001

  Positive 33 (68.8%) 15 (31.3%) 22 (45.8%) 26 (54.2%)

CD4

  Negative 54 (70.1%) 23 (29.9%) 0.566 67 (87.0%) 10 (13.0%) <0.001

  Positive 16 (64.0%) 9 (36.0%) 7 (28.0%) 18 (72.0%)

CD8

  Negative 51 (67.1%) 25 (32.9%) 0.571 65 (85.5%) 11 (14.5%) <0.001

  Positive 19 (73.1%) 7 (26.9%) 9 (34.6%) 17 (65.4%)

FOXP3

  Negative 66 (68.8%) 30 (31.3%) 1.000 72 (75.0%) 24 (25.0%) 0.047

  Positive 4 (66.7%) 2 (33.3%) 2 (33.3%) 4 (66.7%)

Statistically significant data were marked with bold and underline.
PD- 1, program death- 1; PD- L1, program death- ligand 1; TILs, tumor- infiltrating lymphocytes.

Figure 2 Survival analysis by Gal- 9 level on tumor cells and TILs. Gal- 9, galectin- 9; RFS, recurrence- free survival; TILs, tumor- 
infiltrating lymphocytes.
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was fitted well with the actual one (21.0 months, 95% CI: 
16.3–25.7, vs 17.0 months, 95% CI: 9.7–24.3, p=0.300; 
figure 4B).

Therefore, Gal- 9 on TILs, CD4, and PD- L1 on TILs were 
chosen to construct the prognostic risk score model for 
SCLC. The survival analysis demonstrated that the high- 
risk group contributed poorer prognosis (RFS, high risk 
43.7 months, 95% CI: 35.9–51.5 vs low risk 29.9 months, 
95% CI: 23.5–36.4, p=0.002; figure 4C). The significant 
difference between immune risk score and RFS was also 
suggested by univariate Cox regression (p=0.004, HR 
3.874, 95% CI: 1.541–9.741; table 4). Considering that 
risk score covered the feature of Gal- 9 status on TILs, 
the multivariate Cox regression model that included 
SCLC risk score and staging was established. Both risk 
score (p=0.009, HR 3.424, 95% CI: 1.351–8.676) and 
staging (p=0.026, HR 1.836, 95% CI: 1.077–3.131) were 
considered as independent prognostic features in SCLC 
(table 4). Furthermore, by means of time- dependent ROC 
analysis, immune risk score model obtained the best AUC 
value when compared with single immune biomarker. 

The AUC value for risk score model, Gal- 9 on TILs, CD4, 
and PD- L1 on TILs were 0.671, 0.622, 0.621, 0.644, respec-
tively (figure 4D), which highlighted that the risk score 
model performed better than other immune biomarkers 
in the prediction of prognosis in stage I–III SCLC.

Clinical value of Gal-9 and risk score model in advanced SCLC
We downloaded the suitable SCLC dataset which 
contained 81 clinical SCLC samples from cBioportal Data-
base.35 After data screening, the RNA sequencing (RNA- 
Seq) data of patients with stage IV SCLC were available 
for nine specimens (online supplemental table S4). For 
patients with SCLC in early and extensive stage, similar 
results of correlation analysis between Gal- 9 and clin-
ical factors or immune markers were obtained (online 
supplemental figure S3A and table S5). Gal- 9 also espe-
cially showed significant correlation with PD- 1 (p<0.001), 
PD- L1 (p<0.001), CD3 (p<0.001), CD4 (p<0.001), CD8 
(p=0.04), and FOXP3 (p=0.002) in advanced SCLC. In 
addition, no significant correlation exhibited between 

Figure 3 Survival analysis by Gal- 9 level on TILs in combination with PD- 1 or PD- L1. Gal- 9, galectin- 9; PD- 1, program 
death- 1; PD- L1, program death- ligand 1; RFS, recurrence- free survival; TCs, tumor cells; TILs, tumor- infiltrating lymphocytes.

Table 4 Cox regression analysis

Variables

Univariate Multivariate* Multivariate†

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Gender (female vs male) 1.676 0.757–3.707 0.203

Age (<70 vs ≥70) 1.770 0.997–3.143 0.051

Smoking status (non- smoker vs 
smoker)

1.693 0.990–2.896 0.054

Metastasis (negative vs positive) 0.877 0.214–3.605 0.856

SCLC staging (I–II vs III) 2.111 1.243–3.586 0.006 1.951 1.146–3.322 0.014 1.836 1.077–3.131 0.026

Gal- 9 on tumor cells (negative vs 
positive)

1.108 0.636–1.932 0.717

Gal- 9 on TILs (negative vs positive) 0.399 0.195–0.818 0.012 0.436 0.212–0.897 0.024

Risk score (low vs high) 3.874 1.541–9.741 0.004 3.424 1.351–8.676 0.009

Statistically significant data were marked with bold and underline.
*Multivariate Cox regression analysis beyond risk score.
†Multivariate Cox regression analysis that included risk score.
Gal- 9, galectin- 9; SCLC, small cell lung cancer; TILs, tumor- infiltrating lymphocytes.

https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
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Gal- 9 and clinical features, including age (p=0.408) and 
sex (p=0.359).

Then, we also investigated the prognostic value of Gal- 9 
in nine patients with stage IV SCLC from public dataset. 
The survival analysis indicated that patients with exten-
sive SCLC with higher Gal- 9 expression level showed 
better overall survival (OS) than patients with lower 
Gal- 9 expression (16.0 months, 95% CI: 7.4–24.6 vs 7.0 
months, 95% CI: 2.1–11.9; p=0.122; online supplemental 
figure S3B). For better evaluating the performance of the 
risk score model, we applied it to patients with SCLC in 
extensive stage IV. The result supported that patients with 
advanced SCLC with higher risk score had shorter OS 
(vs lower risk score; 16.0 months, 95% CI: 7.4–24.6 vs 7.0 
months, 95% CI: 2.1–11.9; p=0.122; online supplemental 
figure S4B).

Validation of Gal-9 expression level in SCLC
We further verified the relative expression level of Gal- 9 
in both SCLC cell lines and tissues. The CCLE Database 
collected the mRNA expression level of Gal- 9 coding gene, 
Lgals9, in 54 SCLC cell lines and 136 non- SCLC (NSCLC) 
cell lines. As the online supplemental figure S4A showed, 

Lgals9 was lowly expressed in the SCLC cell lines when 
compared with the NSCLC cell lines. In the GEO Data-
base, both GSE43346 dataset which included expression 
profiles of 23 clinical SCLC tissues and 43 normal spec-
imens, and GSE6044 dataset which was composed of 9 
SCLC samples and 5 control subjects without cancer met 
the inclusion criteria, thus being included in this study. 
The significant differences of Lgals9 expression between 
SCLC and normal tissues were testified in the above two 
datasets (online supplemental figure S4B). Specifically, 
the expression level of Lgals9 in SCLC was lower than that 
of the controlled group (GSE43346, p=0.014; GSE6044, 
p=0.028).

GSEA of Gal-9 expression-related pathways
For the sake of better understanding the biological 
pathways that significantly participated in group with 
high Gal- 9 expression and investigating latent Gal- 9- 
related genes, we performed GSEA and Cytoscape in 
GSE43346 dataset. Among a total of 174 gene sets which 
were upregulated or downregulated between two SCLC 
groups, 119 upregulated gene sets in the high Gal- 9 
expression group accounted for the largest proportion 

Figure 4 Prognostic performance of risk score model in SCLC. (A) Importance analysis of all immune biomarkers in SCLC 
by XGBoost algorithm. The diagram of feature importance to outcome illustrated that Gal- 9 on TILs ranked first, CD4 second, 
and PD- L1 on TILs third. (B) Log- rank test results showed that the predictive curve was fitted well with the actual one in SCLC 
(21.000 months, 95% CI, 16.326–25.674, vs 17.000 months, 95% CI, 9.692–24.308, p=0.300). (C) Survival analysis of risk score. 
(D) Time- dependent ROC curves and AUC values for the risk score model and single immune biomarker. The AUC value for 
risk score model, Gal- 9 on TILs, CD4, and PD- L1 on TILs were 0.671, 0.622, 0.621, 0.644, respectively. AUC, area under the 
curve; Gal- 9, galectin- 9; PD- 1, program death- 1; PD- L1, program death- ligand 1; RFS, recurrence- free survival; ROC, receiver 
operating characteristic; SCLC, small cell lung cancer; TILs, tumor- infiltrating lymphocytes; XGBoost, extreme gradient boosting 
algorithm.

https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
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(119/174, 68.4%). Figure 5 demonstrated that the top 
four high Gal- 9 expression- related pathways with enrich-
ment scores >0.6 and false discovery rate <0.25 were 
as follows: “KEGG_PRIMARY_IMMUNODEFICIEN-
CY”,“KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS”, 
“KEGG_ALLOGRAFT_REJECTION”, and “KEGG_
GRAFT_VERSUS_HOST_DISEASE”. A close relationship 
and high overlapping rate between the above four Gal- 9 
expression- related pathways were found (online supple-
mental figure S5A). A total of 15 genes overlapped in 
three of these pathways, indicating that they might played 
crucial roles in the high Gal- 9 level. Among more than 
20,000 genes, CD4 was also involved in the pathway which 
significantly enriched between different Gal- 9 expres-
sions. The results of leading edge analysis revealed that 
Jaccard values of numbers of the occurrences mainly 
concentrated on the range of 0–0.40 (online supple-
mental figure S5B). Further, we verified that 18 genes 
participated in mentioned high Gal- 9- related pathways 
were differentially expressed between normal and SCLC 
tissues online supplemental figure S6A. In addition, the 
expression level of Gal- 9 was moderately to highly related 
to that it of DEGs in the tumor microenvironment (online 

supplemental figure S6B). The correlation matrix also 
displayed that the expression level of all 18 DEGs had 
moderate correlations with each other. The network 
by Cytoscape visualized the strong correlation (>0.6) 
between all 18 DEGs and Lgals9 in SCLC (online supple-
mental figure S6C).

Immune infiltration landscape between high-risk and low-risk 
group
In the GEO SCLC cohort, we further analyzed the differ-
ence of immune infiltration condition between high- risk 
and low- risk score group by CIBERSORT and LM22. Two 
heatmaps separately depicted the detailed immune char-
acteristics of 22 immune cells in patients with SCLC with 
high and low immune risk score (figure 6A,B). The rela-
tive percentage of TILs varied from sample to sample and 
summed up to 100%. Online supplemental figure S7A,B 
summarized the relationship between all immune cell 
proportions in two SCLC groups, while the correlation 
with each other was fairly modest. Then, we explored the 
significant differences of activated memory CD4 T cells 
between high- risk and low- risk group when the expres-
sion level of three prognostic biomarkers were all taken 

Figure 5 Gene set enrichment analysis of Gal- 9 expression in SCLC. The top four significant enrichment plots in high Gal- 9 
expression group compared with that in low Gal- 9 expression group. Gal- 9, galectin- 9; SCLC, small cell lung cancer.

https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
https://dx.doi.org/10.1136/jitc-2020-001391
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into account (p=0.048, online supplemental figure S7C). 
The low- risk group displayed considerable higher enrich-
ment of activated memory CD4 T cells in comparison 
with high- risk group, indicating that the heterogeneity of 
immune cells in SCLC might act as a meaningful feature 
for outcome prediction. These results further verified the 
importance of the immune risk score model in terms of 
the tumor microenvironment and immune infiltration in 
SCLC.

DISCUSSION
The first aim of this study is to evaluate the status of Gal- 9 
expression on SCLC cancer cells and TILs. All clinical 
factors, which were included in the study, had no statisti-
cally significant influences on the level of Gal- 9 on both 
TILs and tumor cells. However, our results revealed that 
Gal- 9 expression level on TILs was related to the level of 
PD- 1, PD- L1, immunocytes, and the recurrence time of 
patients with SCLC. More importantly, in comparison 
with positive Gal- 9 expression on TILs, negative Gal- 9 
expression predicted early recurrence of patients with 
stage I−III SCLC. Then, we constructed the Gal- 9- based 
risk score model which showed better prognostic perfor-
mance in SCLC when compared with single biomarkers. 
We also tested the clinical values of Gal- 9 and immune 
risk score model in patients with stage IV SCLC, which was 
consistent with our findings in patients with SCLC in early 
stage. In SCLC cell lines and tissues, we also verified the 
different expression levels of Lgals9 by public database. In 
addition, the meaningful results of GSEA and the Gal- 9- 
based network helped to better understand the vital role 
of Gal- 9 in SCLC and explore Gal- 9- associated genes. The 
landscapes of immune infiltration in patients with SCLC 
with high and low risk suggested the immune heteroge-
neity in SCLC and further underlined the effects of the 
immune risk score model in tumor microenvironment.

The T- cell immunoglobulin mucin- 3 (TIM- 3) ligand 
Gal- 9 was a member of mammalian lectins.36–38 Multiple 
types of cells, including thymocytes, leukocytes, endo-
thelial cells and interferon- gamma- stimulated fibroblasts 
found Gal- 9 expression, which revealed the significant 

role of Gal- 9 in regulating immune processes.36 37 39–42 In 
vitro and vivo, Gal- 9 induced death or suppressed func-
tion of T lymphocyte, including Th1 cells.36 37 43 Sehrawat 
et al44 found Gal- 9 inhibited the immune response of 
effector T lymphocytes which expressed TIM- 3 and 
CD8, and promoted the activity of FOXP3(+) Tregs. 
According to previous studies, Gal- 9 could interact with 
4- 1BB (CD137) and DR3, suppress immunity and expand 
immunosuppressive Tregs, including CD8(+)/FOXP3(−) 
and CD4(+)/FOXP3(+) Tregs.45 46 These studies together 
indicated Gal- 9 expression by immunocytes could affect 
innate and acquired immunity. Many published studies 
verified the distribution of Gal- 9 protein among various 
malignant tissues, such as NSCLC, hematological malig-
nancy, prostate cancer, as well as skin cancer.19 38 47 48 In 
spite of a considerable amount of studies focusing on the 
Gal- 9 protein expression in cancer, few comprehensive 
data were available in SCLC. Considering its important 
function in antitumor immunity, it makes sense to 
describe the common status of Gal- 9 on SCLC TILs and 
cancer cells.

Our test found protein expression of Gal- 9 in SCLC. 
Our finding was in accord with the results of bioinfor-
matics analysis, further enhancing high credibility of these 
results. We discovered Gal- 9 on TILs was co- expressed 
with PD- 1/PD- L1. Meanwhile, the Gal- 9 expression on 
TILs was statistically related to the CD3, CD4, CD8, and 
FOXP3 expression. Gal- 9 served as an influential factor 
during tumor development and metastasis. By using rat 
models of acute myelogenous leukemia, researchers 
found that Gal- 9 knock- out decreased the accumulation 
of Tregs and promoted PD- 1 and TIM- 3 level on CD8(+) 
lymphocytes.49 In breast cancer cell lines, cell adhesion 
was promoted by Gal- 9, from which Gal- 9 showed its func-
tion in anti- metastasis.50 51 Moreover, Gal- 9 exhibited its 
function in activating apoptosis of tumor cells by compli-
cated signaling pathways. For myeloma cells, the activa-
tion of JNK and p38 MAP kinase pathways contributed to 
Gal- 9- dependent apoptosis.52 For chronic myelogenous 
leukemia (CML) cells, transcription factor 3 played an 
important role in the Gal- 9- induced cell death.53 Kuroda 

Figure 6 The landscapes of immune infiltration in patients with SCLC with high and low risk. (A) Relative percentage of 
immune infiltration in patients with high- risk SCLC. (B) Relative percentage of immune infiltration in patients with SCLC with low 
risk. NK, natural killer; SCLC, small cell lung cancer.

https://dx.doi.org/10.1136/jitc-2020-001391
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et al53 further confirmed the apoptosis- inducing effect 
of exogenous Gal- 9 in CML cells. Nagahara et al54 found 
that Gal- 9 promoted antitumor immunity by increasing 
the amount of CD8/TIM- 3- positive T lymphocytes and 
CD86/TIM- 3- positive dendritic cells. A couple of studies 
have demonstrated the medical potential of Gal- 9 in 
cancer. And the complex mechanisms of the co- expres-
sion of Gal- 9 and immune biomarkers were worthy of full 
illustration.

However, there was no correlation between Gal- 9 
status on cancer cells and other variables, including 
clinical factors and immune biomarkers. The same 
negative results were obtained between the Gal- 9 expres-
sion on TILs and clinical factors. By means of literature 
consulting, we found that similar negative results were 
also obtained in other types of cancers, such as NSCLC 
and renal cell carcinoma.19 55 Regretfully, few researches 
were carried out to explore the mechanisms behind the 
lack of correlation between Gal- 9 on cancer cells and 
other biomarkers to date. Considering the major function 
of Gal- 9 and other biomarkers in tumor- related immune 
cells, we put forward the hypothesis that functional differ-
ence of these markers on TILs and cancer cells may result 
in the differential expression of Gal- 9 among these cells, 
as well as the relative low relationship between Gal- 9 
on cancer cells and other biomarkers. In addition, the 
complex and dynamic tumor microenvironment may 
also have an influence on the relevance between Gal- 9 
and other specific factors. For further investigation and 
stronger credibility, fundamental researches as well as 
prospective and multicentered studies with larger sample 
size are necessary.

Furthermore, survival analysis was conducted in order 
to explore the relationship between Gal- 9 and prognosis. 
Gal- 9 expression level on tumor cells was of no value in 
predicting the relapse time in SCLC. However, patients 
with SCLC with positive Gal- 9 on TILs contributed to 
longer progression- free survival than those had Gal- 9 
negative TILs. There are conflicting findings on the value 
of Gal- 9 in predicting prognosis of a series of tumors. A 
meta- analysis demonstrated that Gal- 9 overexpression was 
related to improved RFS in stomach cancer and patients 
with NSCLC.56 In addition, patients with positive Gal- 9 
expression also showed more satisfying prognosis in 
breast cancer and bladder cancer.51 57 Instead, elevated 
expression of Gal- 9 led to a poor prognosis in patients 
with kidney carcinoma.55 58 In NSCLC, the expression of 
Gal- 9 on both cancer cells and TILs was closely related 
to the clinical outcome.19 Patients with NSCLC who 
especially overexpressed Gal- 9 on TILs displayed shorter 
RFS compared with those whose TILs had lower Gal- 9 
expression. Many reasons may lead to these contradic-
tory findings. First, the study designs, technology, clinical 
endpoints, cut- off values, and sample sizes varied from 
study to study. The heterogeneity may be another main 
cause. There were heterogeneities in tumor types, loca-
tions, sizes, metastases, and stage. For example, in renal 
cell carcinoma，Jikuya et al55 indicated that Gal- 9 was 

only related to poorer prognosis in patients in stage III–
IV or grade 3. Moreover, different Gal- 9 splice variants 
and receptors expression levels among various cancers 
may affect Gal- 9 function and its prognostic value. It was 
reported that Gal- 9 delta 5, instead of other Gal- 9 vari-
ants, was the prognostic marker for NSCLC.59 The inter-
action between various immune biomarkers and immune 
cells might explain the inconsistent findings of outcome 
prediction ability of immune biomarkers in different 
researches. To fully use the power of Gal- 9, it is worth to 
further investigate the specific mechanisms of Gal- 9 in 
SCLC. We hold that the effect of antitumor and immuno-
suppressive should be balanced when applying Gal- 9 in 
cancer treatment.

On SCLC TILs, the subgroup analysis indicated that 
positive Gal- 9 protein in combination with PD- 1 positive 
or PD- L1 positive was significantly related to better RFS. 
Similarly, positive outcome mentioned above was also 
found in the condition of Gal- 9(+) in combination with 
CD3(+) or CD4(+) on TILs. In particular, for Gal- 9 on 
TILs in combination with CD8, either Gal- 9 on TILs or 
CD8 positive predicted improved RFS in SCLC. When 
Gal- 9 was combined with CD8 in hepatocellular carci-
noma,60 patients with high expression of both Gal- 9 and 
CD8 tended to have longer survival, which was consistent 
with our finding in SCLC. In SCLC, higher expression of 
CD3 was supposed to be correlated with better survival, 
whereas PD- L1 overexpression had no or even opposing 
effect on survival.61 62 Conversely, Sun et al63 explored 
that patients with SCLC who expressed higher PD- L1 
and CD8 protein had longer OS. The level of FOXP3 has 
shown its statistically prognostic value in SCLC, especially 
among patients without metastasis.64 However, in SCLC, 
few studies examined the prognostic value and clinical 
significance of Gal- 9 in combination with other immune 
biomarkers or immune cells, including PD- 1, PD- L1, 
CD3, CD4 and FOXP3. Our finding may fill the research 
gaps in this field and clarify the potential prognostic value 
of combining Gal- 9 with PD- 1, PD- L1, or several immune 
cells. Thus, the hypothesis of better prognostic value of 
Gal- 9 in combination with other immune biomarkers was 
proposed.

The immune risk score model which was based on the 
results of machine learning XGBoost and Cox analysis 
intuitively demonstrated that integrating CD4 and PD- L1 
on TILs could improve the prognostic prediction ability 
of Gal- 9 on TILs in stage I–III SCLC. The log- rank test 
of predictive and actual dataset, the survival analysis of 
risk score in the whole cohort, and the time- dependent 
ROC curves illustrated higher accuracy and better perfor-
mance of the Gal- 9- based immune risk score model in 
comparison with single immune biomarkers. These 
observations highlighted that Gal- 9 might regulate CD4 
cells and PD- L1 on TILs. In addition, for the first time, 
we combined the expression level of Gal- 9 with CD4 and 
PD- L1 on TILs to construct the immune risk score model, 
which provided a personalized scoring system for patients 
with stage I−III SCLC.
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For patients with extensive stage IV SCLC, better OS 
was found in patients with high Gal- 9 expression and low 
immune risk score, which was in compliance with our 
findings in patients with stage I–III SCLC. Nevertheless, 
no statistical difference was found between two groups, 
which may be due to several reasons. First, only nine 
patients with stage IV SCLC met the inclusive require-
ments and were enrolled in the survival analysis. The 
sample size was too small to assess the clinical value and 
application of Gal- 9 in advanced SCLC systemically and 
objectively. Second, different results may be ascribed 
to the difference of clinical end point. Specifically, the 
construction of Gal- 9- based immune risk score model 
was based on the RFS, while the end point of nine 
patients with extensive SCLC was OS. What is more, vari-
ability among study designs also affects the results. The 
Gal- 9 expression of nine patients with extensive SCLC 
was measured by RNA- Seq, not by IHC. Given all these, 
the prognostic value of Gal- 9 and immune risk score 
in advanced SCLC remains to be further elucidated in 
future researches.

Considering the effect of Lgals9 in tumor- immune 
microenvironment and immune infiltration, we 
performed GSEA, CIBERSORT and LM22 bioinfor-
matic analysis. GSEA results showed that top four 
high Lgals9- related enrichment pathways in SCLC 
were “KEGG_PRIMARY_IMMUNODEFICIEN-
CY”,“KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS”, 
“KEGG_ALLOGRAFT_REJECTION”, and “KEGG_
GRAFT_VERSUS_HOST_DISEASE”, with 18 Lgals9- 
related DEGs. The Lgals9- based network by Cytoscape 
showed extensive and complex correlation between 
Lgals9 and other molecules in tumor- immune microen-
vironment, including CD4, CD19, CD79A, CIS, IL2RG, 
FCGR2C, and FASLG. The CIBERSORT and LM22 results 
demonstrated the detailed landscapes of 22 immune 
cells infiltration in patients with SCLC with high and low 
immune risk score. The significant immune heterogeneity 
was found in activated memory CD4 T cells. Patients with 
SCLC with high immune risk score showed lower Gal- 9 
expression level, thus contributed to lower percentage of 
immune cells. These findings indicated that differential 
Gal- 9 expression might result in variations in the SCLC- 
immune microenvironment and infiltration. A series 
of studies, in vitro and in vivo, affirmed the function of 
recombinant Gal- 9 in promoting apoptosis, regulating 
tumor immunity, and inhibiting carcinoma progres-
sion.52 53 65–68 The pharmacokinetics of exogenous Gal- 9 
was investigated in mouse model,69 while less studies were 
available in humans. Thus, more researches and clinical 
trials were worthy of expected for exogenous Gal- 9 which 
was considered as a potential therapeutic drug for SCLC. 
In addition, in consideration of the better RFS of patients 
with SCLC with positive Gal- 9 and positive PD- L1, patients 
with SCLC might also benefit from exogenous Gal- 9 plus 
PD- L1 inhibitors regimen.

Our study has its limitations. First, it is a retrospective 
study. Moreover, we draw our results and hypothesis by 

a rather small and single- centered cohort. A prospective 
and multicentered study is necessary in the future.

CONCLUSIONS
In conclusion, the protein expression of Gal- 9 on SCLC 
cancer cells and TILs was detected by IHC and validated 
by datasets. The co- expressed network of Gal- 9 and PD- 1, 
PD- L1, or immunocytes was also found on SCLC tumor 
cells and TILs. Furthermore, we constructed the immune 
risk score model by incorporating Gal- 9 on TILs, CD4, 
and PD- L1 on TILs. Risk score was an independent 
prognostic factor for SCLC. Patients with SCLC with low 
immune risk score had longer postoperative recurrence 
time. This study highlighted the predictive value and 
promising clinical applications of Gal- 9 in SCLC. Further 
investigation on Gal- 9 is necessary so as to enhance our 
understanding of the underlying metabolic mechanism.

Correction notice This article has been corrected since it was first published 
online. Additional footnotes have been added to Table 1 for clarification, and the 
following sentence has been added to the Results section: ‘The median RFS 
calculated by the KM analysis was 32.0 months. In addition, the median RFS 
calculated by the KM analysis of stage I–II and stage III SCLC was 63.0 months, and 
14.7 months, respectively.
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