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ARTICLE INFO ABSTRACT

Keywords: Objectives: Obesity is an important risk factor for several malignancies, but its effect on oral squamous cell
Obesity carcinoma (OSCC) prognosis is controversial. We aimed to disclose the association between obesity and the
Lipid metabolism OSCC outcome, and explore the potential of some lipid metabolism-related genes as biomarkers for prognostic
Oral squamous cell carcinoma prediction.

Prognosis Materials and methods: A total of 576 patients diagnosed as T1/2NOMO OSCC without prediagnosis weight loss

was included in this retrospective study. These patients were grouped according to body mass index (BMI). The
univariate and multivariate analysis were used to compare the progression-free survival (PFS) and disease
specific survival (DSS) between groups. Propensity score matching (PSM) was adopted to minimize confounders.
Data from Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) were employed to analyze the
potential of some lipid metabolism-related genes for OSCC prognosis prediction.

Results: The PFS (P = 0.023) and DSS (P = 0.047) were poorer in obese patients than in normal weight ones.
Obesity was an independent risk factor for PFS (Hazard Ratio = 2.016, 95% Confidence Interval 1.101-3.693,
P = 0.023) and DSS (Hazard Ratio = 2.022, 95% Confidence Interval 1.040-3.932, P = 0.038). Furthermore,
the PSM matched cohort analysis revealed that obesity was associated with poor prognosis of OSCC patients.
Finally, 72 dysregulated lipid metabolism-related genes were identified in OSCC, and a combining signature of
TGFB1, SPP1, and SERPINE1 was defined as a biomarker for prognostic prediction.

Conclusions: Obesity is an independent risk factor for T1/2NOMO OSCC, and a combining signature of TGFBI,
SPP1, and SERPINEI may be applied to predict prognosis of OSCC patients.

Introduction controversial. Some studies indicated that obesity was an independent
risk factor for OSCC patients [3,4], while others argued that obesity or

Obesity has become a worldwide problem threatening human overweight predicted superior survival [5-9]. The unexpected protec-
health. Epidemiological evidence demonstrates that obesity is an im- tive role of obesity in cancer survival is called “obesity paradox”. This
portant risk factor contributing to the carcinogenesis of esophagus, phenomenon could be attributed to the confounding, collider stratifi-
gallbladder, pancreas, colorectum, kidney, female breast (post- cation bias, improper use of body mass index (BMI) and so on [10]. To
menopausal), endometrium and ovary [1,2]. However, the connection avoid these interferential factors, only early-stage OSCC patients
between obesity and oral squamous cell carcinoma (OSCC) is without prediagnosis weight loss were included in this study. Patients
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carcinoma; RMA, robust multi-array average; DEGs, differentially expressed genes; GO, Gene Ontology; BP, biological processes; PPI, protein-protein interaction;
ROC, receiver operating characteristic; EMT, epithelial-mesenchymal transition
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were stratified by a BMI criterion which was reported to be suitable for
Chinese population [11]. Furthermore, the propensity score matching
(PSM) method was employed to control confounders and reduce se-
lection bias to make the results more convincing.

The mechanism of obesity on OSCC prognosis is largely unknown.
Obesity is a metabolic dysfunction disease, characterized by adipose
tissue accumulation, lipids elevation, and insulin resistance [12]. In
terms of the connection between obesity and cancer, studies mainly
focused on lipid metabolism disorder and inflammatory responses
under obese condition. In microenvironment, obesity-related genes and
lipid signaling were dysregulated, which exacerbated the lipid meta-
bolism disturbance and finally facilitated tumor proliferation and pro-
gression in obese patients [13-15]. Therefore, disorder of lipid meta-
bolism and adipokine levels were suggested to be important
pathogenetic factors linking obesity and cancer prognosis. To explore
the expression profiles of lipid metabolism-related genes in OSCC, the
public datasets from The Cancer Genome Atlas (TCGA) and Gene Ex-
pression Omnibus (GEO) database were reanalyzed. The predictive
values of lipid metabolism-related signatures in OSCC were also in-
vestigated.

Materials and methods
Patients and study design

After being approved by the Ethics Committee of Sun Yat-sen
University Cancer Center, a total of 3166 patients with pathological
confirmation of OSCC between 1997 and 2015 were collected. Prior
informed consents were obtained from patients. The inclusion criteria
of patients were as follow: (1) at pathological stage of T1/2NOMO, (2)
received curative-intent surgical resection after diagnosis, (3) with in-
formation of height and weight at the time of diagnosis for BMI cal-
culating. The patients were excluded on the basis of the following cri-
teria: (1) a history of treatment for OSCC in other institutions, (2) a
history of chemotherapy for other malignancy or radiotherapy for head
and neck cancer, (3) prediagnosis weight loss, (4) follow-up time of less
than 6 months. Finally, 576 patients were enrolled in this study.

Clinical data collection and follow-up

Clinicopathologic data including age, sex, height and weight
(measured at the time of diagnosis by clinical staffs), alcohol and to-
bacco abuse history, diabetes mellitus status, tumor site, histologic
grade, and tumor stage were extracted from the electronic medical re-
cord and summarized in Table 1. TNM stages were classified according
to the 7th edition of the AJCC cancer staging manual [16]. BMI was
calculated as weight in kilograms divided by height in meters squared
(kg/m?) and categorized using a criterion as low body weight
(< 18.5kg/m?), normal weight (18.5-23.9kg/m?), overweight
(24.0-27.9 kg/mz), obesity (=28 kg/mz), which was reported to be
optimal for Chinese [11]. The endpoints of this study were progression-
free survival (PFS) and disease specific survival (DSS). PFS was defined
as the time from surgery to first recurrence or metastasis of primary
cancer and DSS was defined as the time from surgery to death due to
OSCC.

Datasets

Two repositories (the GEO and TCGA databases) were used to
identify the lipid metabolism-related genes significantly dysregulated in
OSCC. Raw datasets GSE30784, GSE42743 and normalized dataset
GSE31056 were download from NCBI GEO databases. The expression
profiles of GSE30784 and GSE42743 were based on GPL570
(Affymetrix Human Genome U133 Plus 2.0 Array), and GSE31056 was
based on GPL10526 (Affymetrix GeneChip Human Genome HG-U133
Plus 2 Array). The mRNA sequencing data and clinical information
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were downloaded from TCGA data portal. A total of 520 head and neck
squamous cell carcinoma (HNSCC) cases were obtained with both se-
quencing data and corresponding clinical information. Of these, 331
OSCC patients including 331 tumor samples and 31 matched normal
samples were selected for subsequent analysis. In addition, GSE41613
from GEO was employed as a validation cohort to confirm our findings.

Data processing and differential expression analyses

Raw data was pretreated by robust multi-array average (RMA) ap-
proach for normalization and background correction. Gene annotation
was performed using affy R package. To analyze the differentially ex-
pressed genes (DEGs) in GSE30784 (167 tumors vs. 45 normal samples),
GSE42743 (74 tumors vs. 29 normal samples), GSE31056 (23 tumors vs.
24 normal samples), and TCGA (331 tumors vs. 31 normal samples),
limma package in R was performed. The significant differentially ex-
pressed mRNAs were considered as log,|FC| > 1.0 and P < 0.05. The
common DEGs among GSE30784, GSE42743, GSE31056, and TCGA
data sets were identified by intersect function in R.

Enrichment analysis and PPI network of lipid metabolism-related genes

Function enrichment analysis of common DEGs were performed on
the Gene Ontology (GO; http://www.geneontology.org). A threshold of
P < 0.05 was set to indicate significant function categories. For ana-
lysis in functional level, the DEGs were enriched in lipid metabolism-
related biological processes (BP). Then, the genes enriched in these
processes were extracted. Heatmap was constructed to show their ex-
pression profiles in GSE30784, GSE42743, GSE31056, and TCGA da-
tasets. To analyze the protein-protein interaction (PPI), lipid metabo-
lism-related DEGs were upload to STRING online database (http://
string-db.org) for the retrieval of interacting genes, and the networks
were visualized by Cytoscape software (http://www.cytoscape.org/).
The top ten highly connected genes according to the degree were
considered to be hub genes and used for overall survival prediction
analysis.

Statistical analysis

To examine the statistical differences across different BMI groups,
the clinical characteristics were compared using Kruskal-Wallis test, >
test or Fisher’s exact test, where appropriate. Survival curves were
plotted by the Kaplan—Meier method and compared by the log-rank test.
A Cox proportional hazard model was performed to evaluate the asso-
ciation between each covariate and survival in univariate and multi-
variate analysis. Hazard ratios (HRs) were reported with 95% con-
fidence intervals (CIs) and P values. To balance the baselines and
minimize the selection bias of retrospective analysis, propensity score
matching analysis was performed. Logistic regression model was con-
ducted to develop a propensity score for each patient based on the
covariates including age, gender, smoking history, drinking history,
diabetes mellitus status, tumor site, histologic grade, and T classifica-
tion. A 1-to-1 matching (without replacement) by propensity score was
performed with the match tolerance 0.05. Survival analyses for the
matched groups were performed as described above.

TCGA was used as training cohorts to study the association between
survival and hub gene expression. Receiver operating characteristic
(ROC) curves were used to determine the optimal cutoff, with the
highest score of both sensitivity and specificity, to divide patients into
high expression or low expression groups. The log-rank test was then
performed. Furthermore, statistically significant prognostic genes were
used as a whole to construct a model to predict prognosis. A risk score
was calculated by multivariate Cox regression analysis based on the
gene expression. Patients were stratified into high risk group and low
risk group based on the ROC curve method. Survival analysis was
performed by Kaplan-Meier method and log-rank test. To validate the
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Table 1
Baseline characteristics of enrolled patients.
Characteristic All (N = 576) Low body weight (N = 53) Normal weight (N = 336) Overweight (N = 154) Obese (N = 33) P value
Age, y 0.798
Median (range) 54 (20-89) 54 (20-81) 54.5 (21-89) 55.5 (23-84) 50 (29-87)
Sex 0.513
Male 335 (58.2%) 26 (49.1%) 198 (58.9%) 90 (58.4%) 21 (63.6%)
Female 241 (41.8%) 27 (50.9%) 138 (41.1%) 64 (41.6%) 12 (36.4%)
Smoking 0.741
No 358 (62.2%) 33 (62.3%) 205 (61.0%) 101 (65.6%) 19 (57.6%)
Yes 218 (37.8%) 20 (37.7%) 131 (39.0%) 53 (34.4%) 14 (42.4%)
Drinking 0.069
No 486 (84.4%) 41 (77.4%) 280 (83.3%) 139 (90.3%) 26 (78.8%)
Yes 90 (15.6%) 12 (22.6%) 56 (16.7%) 15 (9.7%) 7 (21.2%)
Diabetes mellitus 0.345
No 549 (95.3%) 53 (100%) 319 (94.9%) 145 (94.2%) 32 (97.0%)
Yes 27 (4.7%) 0 (0%) 17 (5.1%) 9 (5.8%) 1 (3.0%)
Tumor site 0.004
Tongue 454 (78.8%) 37 (69.8%) 272 (81.0%) 116 (75.3%) 29 (87.9%)
Mouth floor 29 (5.0%) 9 (17.0%) 14 (4.2%) 5 (3.2%) 1 (3.0%)
Bucca cavioris 25 (4.3%) 3 (5.7%) 13 (3.9%) 9 (5.8%) 0 (0%)
Gingiva 2 (4.2%) 1 (1.9%) 18 (5.4%) 4 (2.6%) 1 (3.0%)
Retromolar 3 (0.5%) 0 (0%) 0 (0%) 2 (1.3%) 1 (3.0%)
Palate 22 (3.8%) 3 (5.7%) 7 (2.1%) 11 (7.1%) 1 (3.0%)
Lip 19 (3.3%) 0 (0%) 12 (3.6%) 7 (4.5%) 0 (0%)
Histologic grade 0.316
Well 397 (68.9%) 31 (58.5%) 227 (67.6%) 115 (74.7%) 24 (72.7%)
Moderate 153 (26.6%) 20 (37.7%) 92 (27.4%) 34 (22.1%) 7 (21.2%)
Poor 26 (4.5%) 2 (3.8%) 17 (5.1%) 5 (3.2%) 2 (6.1%)
T classification 0.096
Tl 285 (49.5%) 27 (50.9%) 172 (51.2%) 65 (42.2%) 21 (63.6%)
T2 291 (50.5%) 26 (49.1%) 164 (48.8%) 89 (57.8%) 12 (36.4%)
prognostic signatures, GSE41613 was download and analyzed as men- Table 2
tioned above. Statistical analysis was performed by SPSS 23.0 software Baseline characteristics of the propensity score-matched cohort.
(IBM, .Armonl.<, NY) and two-tailed value of P < 0.05 was considered as Characteristic Normal Weight (N = 33) Obese (N = 33) P value
statistically significant.
Age, y
Median (range) 55 (30-79) 50 (29-87) 0.529
Results s
ex 0.138
Male 15 (45.5%) 21 (63.6%)
Patients and matching Female 18 (54.5%) 12 (36.4%)
Smoking 0.614
. . s 9 D
Among the 3166 OSCC patients, 576 of them were included in this g‘:s f; Egz'i;’; 1491 EZ‘%";
. 0, 5 (J
study. The baseline characteristics of patients are listed in Table 1. The Drinking 0.757
median age at OSCC diagnosis was 54 years, and males accounted for No 27 (81.8%) 26 (78.8%)
58.2%. Only minority of patients were current or former smokers Yes 6 (18.2%) 7 (21.2%)
(n = 218, 37.8%), drinkers (n =90, 15.6%), or diabetics (n = 27, Dl;befes mellitus 33 (100.0%) 52 97.0%) 1.000
0, . — 0, o 8 () B (1)
4.7 %). MosF primary .tumors were located at tongue (n : 454, 78.8%), Yes 0 (0.0%) 1 (3.0%)
with well differentiation (n = 397, 68.9%). The proportions of T1 and Tumor site 0.705
T2 classification were 49.5% and 50.5%, respectively. Patients were Tongue 31 (93.9%) 29 (87.9%)
divided into 4 groups, low body weight (n = 53), normal weight Mouth floor 0 (0.0%) 1 (3.0%)
i i 0, 0,
(n = 336), overweight (n = 154) and obesity (n = 33), according to E:tlrg;vmaolar ﬁgg'éof; 1 ggo//“;
. . . . .U70 U0
BMI at the time of diagnosis. In the obese patients, 63.6% of them were Palate 0 (0.0%) 1 (3.0%)
at T1 stage, while the proportions in low body weight, normal weight, Histologic grade 1.000
and overweight patients were 50.9%, 51.2%, and 42.2%, respectively. Well 25 (75.8%) 24 (72.7%)
There were no significant differences in the distribution of age, gender, Moderate 7 (21.2%) 7 (21.2%)
king history, drinking history, diabetes mellitus status and histo- Poor 1(3.0%) 2 (6.1%)
Sm(.) ng ry, & ry, o . ; T classification 0.428
logic grade among the four groups. The distribution of tumor site lo- Lol 24 (72.7%) 21 (63.6%)
cation was significantly different among the four groups, as shown in T2 9 (27.3%) 12 (36.4%)

Table 1.

Furthermore, to balance the baseline of patients and reduce selec-
tion bias, PSM method was performed. Finally, 33 normal weight pa-
tients were matched with 33 obese patients for further analysis. As
shown in Table 2, the two matched cohorts had comparable char-
acteristics.

Poorer prognosis in obese patients

The median follow-up time was 64 months (range, 1-283 months) in
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the 576 enrolled patients. The 1-, 5-, and 10-year PFS rates were 78.2%,
70.3%, and 42.3% for obese patients and 86.4%, 78.5%, and 73.3% for
normal weight patients, respectively. The PFS was significantly poorer
in obesity group compared with the normal weight group (P = 0.023,
Fig. 1A). However, the overweight (P = 0.551) and low body weight
patients (P = 0.380) had similar PFS compared with normal weight
patients. In addition, obese patients had poorer DSS than normal weight
patients (5-year DSS rates, 60.3% vs. 80.7%; P = 0.047, Fig. 1B), while
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Fig. 1. Kaplan-Meier survival curves for PFS and DSS in the whole cohort (A, B) and PSM matched cohort (C, D). Survival curves are compared by the log-rank test,
and P < 0.05 is considered as statistically significant. PFS, progression-free survival; DSS, disease specific survival; PSM, propensity score matching.

Table 3
Univariate and multivariate analyses of risk factors for progression-free survival (PFS) and disease specific survival (DSS).
Characteristic PFS DSS
Univariate Analysis (P value) Multivariate analysis Univariate Analysis (P value) Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

BMI

Normal Ref. Ref. Ref. Ref.

Low body weight 0.380 0.707 (0.348-1.439) 0.339 0.776 0.798 (0.399-1.596) 0.523

Overweight 0.551 0.878 (0.573-1.347) 0.552 0.116 0.625 (0.381-1.027) 0.064

Obese 0.023 2.016 (1.101-3.693) 0.023 0.047 2.022 (1.040-3.932) 0.038
Age

< 50y Ref. Ref. Ref. Ref.

=50y 0.505 0.821 (0.563-1.197) 0.305 0.014 1.455 (0.928-2.280) 0.102
Sex

Male Ref. Ref. Ref. Ref.

Female 0.939 1.022 (0.640-1.631) 0.927 0.037 0.852 (0.501-1.450) 0.556
Smoking

No Ref. Ref. Ref. Ref.

Yes 0.781 1.192 (0.714-1.991) 0.501 0.036 1.224 (0.710-2.110) 0.468
Drinking

No Ref. Ref. Ref. Ref.

Yes 0.796 0.843 (0.467-1.523) 0.572 0.135 1.037 (0.582-1.848) 0.901
Diabetes mellitus

No Ref. Ref. Ref. Ref.

Yes 0.009 2.458 (1.293-4.671) 0.006 0.019 2.037 (0.998-4.158) 0.051
Tumor site

Tongue Ref. Ref. Ref. Ref.

Mouth floor 0.627 0.752 (0.290-1.949) 0.557 0.278 1.006 (0.434-2.334) 0.988

Bucca cavioris 0.945 1.113 (0.443-2.793) 0.820 0.127 1.580 (0.712-3.506) 0.261

Gingiva 0.245 0.593 (0.183-1.923) 0.384 0.312 0.343 (0.082-1.434) 0.143

Retromolar 0.770 0.685 (0.086-5.490) 0.722 0.470 1.133 (0.136-9.458) 0.908

Palate 0.551 1.282 (0.548-2.996) 0.566 0.017 1.664 (0.803-3.446) 0.171

Lip 0.070 0.206 (0.028-1.492) 0.118 0.386 0.453 (0.110-1.864) 0.273
Histologic grade

Well Ref. Ref. Ref. Ref.

Moderate 0.019 1.645 (1.112-2.435) 0.013 0.246 1.155 (0.727-1.835) 0.541

Poor 0.317 1.441 (0.649-3.199) 0.370 < 0.001 2.288 (1.289-4.804) 0.007
T classification

T1 Ref. Ref. Ref. Ref.

T2 0.975 1.107 (0.773-1.587) 0.579 0.005 1.708 (1.131-2.578) 0.011

Abbreviations: HR, hazard ratio; CI, confidence interval; Ref, reference.
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Table 4
Multivariate analysis of progression-free survival (PFS) and disease specific survival (DSS) in the propensity score-matched cohort.
Characteristic PFS DSS
HR 95% CI P value HR 95% CI P value

BMI

Normal Ref. Ref.

Obese 4.612 1.493-14.247 0.008 3.848 1.091-13.576 0.036
Age

< 50y Ref. Ref.

=50y 0.923 0.303-2.812 0.888 1.120 0.289-4.347 0.869
Sex

Male Ref. Ref.

Female 0.814 0.167-3.963 0.799 0.536 0.074-3.880 0.537
Smoking

No Ref. Ref.

Yes 1.317 0.251-6.917 0.745 1.142 0.152-8.555 0.897
Drinking

No Ref. Ref.

Yes 1.978 0.446-8.779 0.370 2.611 0.454-15.026 0.282
Diabetes mellitus

No Ref. Ref.

Yes - - 0.995 - - 0.998
Tumor site

Tongue Ref. Ref.

Mouth floor - - 0.990 1.356 0.126-14.545 0.801

Gingiva 3.414 0.344-33.888 0.294 8.382 0.680-103.336 0.097

Retromolar - - 0.988 - - 0.981

Palate - - 0.990 2.318 0.153-35.072 0.544
Histologic grade

Well Ref. Ref.

Moderate 0.538 0.112-2.538 0.439 0.743 0.150-3.685 0.717

Poor 0.896 0.095-8.482 0.924 2.091 0.206-21.192 0.533
T classification

T1 Ref. Ref.

T2 1.475 0.521-4.173 0.464 1.249 0.362-4.311 0.725

Abbreviations: HR, hazard ratio; CI, confidence interval; Ref, reference.

the differences were not statistically significant when we focused on the
overweight and low body weight patients (P = 0.116 and 0.776, re-
spectively, compared with normal weight patients). To identify whether
obesity was an independent risk factor after adjusted by other variables,
multivariate analysis was adopted. Results confirmed that obese pa-
tients took a 2.016-fold higher risk to progress (HR = 2.016, 95% CI
1.101-3.693, P =0.023) and 2.022-fold higher risk to die
(HR = 2.022, 95% CI 1.040-3.932, P = 0.038, Table 3), when com-
pared with normal weight patients.

In the propensity score-matched cohort, similar results were found.
The obese patients had poorer PFS (5-year PFS rates, 70.3% vs. 86.2%;
P =0.012, Fig.1C) and DSS (5-year DSS rates, 60.3% vs. 89.8%;
P = 0.027, Fig. 1D) than the matched normal weight patients. Multi-
variate analysis further revealed that obesity was an independent risk
factor for PFS (HR = 4.612, 95% CI 1.493-14.247, P = 0.008) and DSS
(HR = 3.848, 95% CI 1.091-13.576, P = 0.036, Table 4).

Lipid metabolism-related genes screening

This retrospective study revealed that obesity was a significant
factor for poorer prognosis of OSCC, thus we suspected that the lipid
metabolism-related genes might be abnormally expressed in tumors and
associated with the survival of OSCC patients. Therefore, four datasets
including GSE30784, GSE42743, GSE31056, and TCGA were used to
find out the dysregulated genes in OSCC. The volcano plots in Fig. 2A
displayed the DEGs between tumor and normal tissues in four datasets.
In total, 1492 genes from GSE30784, 1001 genes from GSE42743, 2043
genes from GSE31056 and 4251 genes from TCGA intersected, and 490
common DEGs were identified (Fig. 2B). The common DEGs were per-
formed for further functional analysis based on Gene Ontology. As in-
dicated in Fig. 2C, DEGs were enriched in the “biological processes
(BP)” categories including lipid metabolic process (GO:0006629),

response to lipid (GO:0033993) and long-chain fatty acid biosynthetic
process (GO:0042759), which were related to obesity or lipid metabo-
lism. Altogether, there were 72 lipid metabolism-related genes enriched
in these categories, and a heatmap was constructed to visualize their
expression profiles (Fig. 2D). A total of 38 genes downregulated and 35
genes upregulated significantly in four independent cohorts con-
currently. The PPI network of the lipid metabolism-related genes was
shown in Fig. 2E, suggesting the top ten highly connected genes were
TGFB1, ALDH1A1, ACACB, CXCL10, SPP1, HSD17B6, COL1A1, TNC,
SERPINE1, and ADIPOQ.

Identification and validation of lipid metabolism-related signatures for
survival prediction

Of the ten highly connected genes, ROC curve method was em-
ployed to set the cutoff point for each gene to divide 331 OSCC patients
from TCGA into two groups: high expression group and low expression
group, followed by Kaplan-Meier survival analysis. This procedure
identified 3 prognostic genes including TGFB1, SPP1, and SERPINEI
(P < 0.05, Fig. 3A). According to the survival plots, high expression
level of TGFB1, SPP1 and SERPINEI, were considered as poorer prog-
nostic biomarkers compared with the low level ones. Subsequently, a
risk score was calculated for each patient, and ROC method was em-
ployed to determine the optimal cutoff (Fig. 3B). Using the selected
threshold, TCGA patients were classified into low-risk (n = 112) and
high-risk (n = 219) groups. Log-rank test indicated that OSCC patients
in the high-risk group had significantly shorter overall survival than
those in the low-risk group (P < 0.001, Fig. 3C).

To confirm our findings, GSE41613 containing 97 OSCC patients
was used as the validation dataset. Similarly, the results suggested that
patients with high expression level of TGFB1, SPP1, and SERPINE] had
poorer survival than those with low level (P < 0.05, Fig. 3D). The
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Fig. 2. Screening of the lipid metabolism-related genes dysregulated in OSCC. (A) Volcano plot of genes that are differentially expressed between tumor and normal
tissues in TCGA, GSE42743, GSE31056, and GSE30784. Blue and red color represent significant downregulated and upregulated genes, respectively. (B) Venn
diagram of overlapping DEGs among four datasets. (C) Gene ontology analysis of the 490 common DEGs, indicating significant enriched lipid metabolism-related
terms in biological processes. (D) Lipid metabolism-related genes were extracted from the indicated categories to construct a heatmap of expression profiles,
suggesting 38 genes downregulated and 35 genes upregulated in four independent datasets concurrently. (E) PPI network of lipid metabolism-related genes. OSCC,
oral squamous cell carcinoma; DEGs, differentially expressed genes; PPI, protein-protein interaction. (For interpretation of the references to color in this figure

legend, the reader is referred to the web version of this article.)
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Fig. 3. Identification and validation of lipid metabolism-related signatures for survival prediction. (A) High expression of TGFBI1, SPP1, and SERPINEI predict poorer
overall survival in the training dataset (TCGA). (B) Patients in the TCGA cohort are divided into high risk and low risk groups according to the ROC curve. (C)
Survival analysis shows that the high risk group exhibits poorer overall survival than the low risk group. (D, E, F) The survival prediction of these three genes is
confirmed in the validation dataset (GSE41613). Survival curves are compared by the log-rank test, and P < 0.05 is considered as statistically significant. TCGA, The

Cancer Genome Atlas; ROC, receiver operating characteristic.

optimal cutoff of risk score was determined by ROC method (Fig. 3E).
The patients were divided and subjected to Kaplan-Meier survival
analysis. In consistence with the results in training dataset, survival of
the high risk group was significantly worse than that of the low risk
group (P < 0.001, Fig. 3F).

Discussion

Recently, divergent results arose regarding the issue whether obe-
sity is a protective or dangerous factor for OSCC outcome [3-9]. To
clarify this discrepancy, we conducted this retrospective study and
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found that obese OSCC patients exhibited poorer PFS and DSS when
compared with normal weight patients, which was further confirmed in
the propensity score-matched cohort. Moreover, several lipid metabo-
lism-related genes dysregulated in OSCC, including TGFB1, SPP1, and
SERPINE]1, were identified for prognostic prediction.

The plausible association between obesity and improved survival,
termed “obesity paradox”, could be interpreted by several aspects. The
first one is reverse causation [10]. This phenomenon appears because
weight loss is a consequence rather than a cause of cancer. For OSCC,
weight loss usually occurs before clinical recognition of cancer espe-
cially in late-stage patients [17]. The obese or overweight patients who
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suffer from weight loss may have normal BMIs and be allocated to the
reference group (normal weight), thus attenuate obesity-related death.
To avoid this deviation, only patients in early-stage without pre-
diagnosis weight loss were included in our study. And the results sug-
gested that obese patients had poorer PFS and DSS. Improper use of BMI
is the second cause of diverse results [18]. The classic BMI criterion is
derived from western populations, which is not suitable for Asians who
tend to have lower BMIs [19]. Thus, we adopted a modified BMI cri-
terion recommended for Chinese population to make the grouping more
accurate in this study [11]. Finally, collider stratification bias and de-
tection bias also contribute to the obesity paradox [10,18]. It suggested
that confounders, including smoking, sex, age, race, and tumor stage,
had profound influences on the connection between obesity and cancer,
which might lead to reversed conclusions. For example, obesity was a
protective factor for OSCC in smokers, while this effect vanished in non-
smokers [5,20,21]. Considering these confounders, the PSM method
was further employed in our research to balance the baselines of pa-
tients and reduce selection bias. As a result, obesity was an independent
risk factor for OSCC, which was comparable to our previous results. To
sum up, after well designed and methodologically control of con-
founding, our study strongly supported that obesity negatively affected
the prognosis of OSCC.

The mechanisms underlying the association of obesity and OSCC
outcome are still largely unknown. In obesity, signaling molecules and
lipid metabolites secreted by adipocytes and adipose tissue are now
recognized as crucial factors for cancer progression [15,22]. Our ret-
rospective study suggested that poorer outcome of OSCC was associated
with obesity, implicated the involvement of lipid metabolism dysfunc-
tion and adipokine dysregulation in OSCC. Therefore, we explored the
DEGs related to lipid metabolism in OSCC using GEO and TCGA data-
sets. Among them, we found that several genes of adipokines and cy-
tokines were differentially expressed, such as SPP1, SERPINEI, and
TGFB1, which participated in lipid metabolism and carcinogenesis as
well. In the obese state, cancer cells stimulated peritumoral adipocytes
to produce adipokine SPP1, which in turn facilitated tumor prolifera-
tion and invasiveness [23]. TGFB1 was engaged in tumor fibrosis that
mediated by adipose stromal cells (ASCs), playing an important role in
extracellular matrix remodeling and epithelial-mesenchymal transition
(EMT) process [24,25]. Adipokine SERPINE1 was also involved in EMT
and metastasis in several cancers [26-28]. These evidence suggested
that disorder of lipid metabolism in OSCC might increase the tumor
metastatic ability, which was consistent with previous studies [29,30].
In addition, genes associated with fatty acid (3-oxidation, ACACB and
ADIPOQ, was also dysregulated in OSCC. It implies that tumor may
increase lipid utilization to provide energy for its rapid proliferation
and progression.

To date, key biomarkers of the obese phenotype to predict clinical
prognosis or treatment response are insufficient [25]. Therefore, we
tested the prognostic prediction value of the dysregulated hub genes
and put forward a three-genes-based signature (TGFB1, SPP1, and
SERPINE]1) as a predictive biomarker. This signature exhibited good
predictive power not only in the training cohort but also in the vali-
dation cohort. These results would provide new insights to understand
the pathogenesis linking lipid metabolism and OSCC survival, as well as
to uncover potentially novel treatment targets.

There are several limitations in this study. Although multivariate
analysis and PSM method are efficient for minimizing the impact of
recorded confounders, the unrecorded confounders in early-stage OSCC
that associated with survival are not addressed, which is determined by
the retrospective design of this study. Therefore, prospectively studies
are needed for further confirmation. In addition, as these data come
from the Chinese population, whether the finding is generalizable to
other races, such as Caucasians, needs further investigation. We would
encourage expanding the study cohort to multicenter and multiracial to
reveal the impact of obesity on OSCC thoroughly and generally.

Collectively, our retrospective study confirmed that obesity was
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associated with poorer PFS and DSS in early-stage OSCC patients, even
after using PSM method to reduce selection bias and minimizing study
confounders. Moreover, a combining signature of three lipid metabo-
lism-related genes (TGFB1, SPP1, and SERPINE1) exhibited potential for
clinical utility in OSCC prognosis prediction. These data may support
further studies on obesity and cancer, including mechanism analysis,
clinical surveillance and potential treatment targets.
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