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Background: Several studies have investigated the relationship between serum lactate dehydrogenase-to-albumin ratio (LAR) and the
prognosis of cancers. However, no studies have explored the association between serum LAR and the survival of oral cancer (OC).
This study was aimed to determine the association of serum LAR with the overall survival (OS) of OC.

Methods: One hundred and ninety patients with OC were included in this study between January 2018 and December 2019. Log rank
test and Kaplan—Meier method were used to compare the survival rate of OC between the low LAR group and the high LAR group.
The association between serum LAR and the survival of OC patients was determined via univariate and multivariate Cox regression
analyses.

Results: Kaplan-Meier analysis and Log rank test indicated that the OS rate in low LAR group was significantly higher than that in
high LAR group (P < 0.05). Univariate cox analysis showed that TNM III-1V stage, serum LDH > 162 U/L, and serum LAR > 3.79
were significantly associated with the OS of OC patients. Multivariate Cox analysis suggested that the TNM III-1V stage (HR, 2.317;
95% ClI, 1.423-3.774, P = 0.001) and serum LAR > 3.79 (HR, 5.138; 95% CI, 2.245-11.756, P = 0.000) were independently related
with poor OS of OC patients.

Conclusion: High serum LAR (>3.79) is an independent predictor of adverse prognosis in OC patients. LAR could be used as
a promising marker for predicting the OS of OC patients.
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Introduction

Oral cancer (OC) occurs commonly in middle-aged and elder people; however, it is also being reported in younger
individuals in recent years."? The OC ranks as the 6th most common malignancy in the world,”> which is an issue of
global health burden. There are approximately 354,864 cases of oral cavity and lip cancer worldwide, with about 177,384
deaths every year.4 Betel quid, diet and nutrition, mouthwash, alcohol, tobacco, occupational risks, and genetic factors
were associated with the risk of OC. Despite advances in therapeutic methods,® the five-year survival rate of OC is about
50%, which was not improved remarkably in recent years.” The poor prognosis of OC is mainly attributed to delayed
diagnosis and treatment. Therefore, early-stage diagnosis of OC is a crucial step in reducing its mortality rate.® It is
important to identify effective prognostic factors for OC patients to select suitable treatment regimens.

Lactate dehydrogenase (LDH), a key enzyme in the glycolytic pathway, could convert pyruvate to lactate. A meta-
analysis showed that high LDH was related to the adverse prognosis of many solid tumors.” Mafessoni et al found that
salivary LDH could help with the early diagnosis of OC in individuals with Fanconi anemia.'” In addition, the serum
albumin (ALB) level could reflect the individual’s the nutritional status. Previous studies indicated that low serum ALB
level was related with poor prognosis of different types of cancers,'''? including OC."*'> Thus, high LDH and low ALB
levels may be good predictors for the poor survival of OC patients. The serum LDH-to-ALB ratio (LAR), consisting of
LDH and ALB, may be more effective in predicting the survival of OC than each alone. Several studies showed that
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serum LAR correlated with adverse survival in colorectal cancer (CRC),'®'” bladder cancer,? breast cancer,”’ and non-
small cell lung cancer (NSCLC).?> However, the relationship between serum LAR and the survival of OC has not been
investigated before. In this study, we determined to probe into the prognostic value of serum LAR in OC patients.

Patients and Methods

Patients and Data Collection

A total of 232 patients with OC were initially screened from January 2018 to December 2019. Finally, 190 cases were included
in this study. The inclusion criteria of OC cases were as follows: (1) diagnosis of OC was pathologically confirmed; (2) the
follow-up data and clinicopathologic characteristics were complete; (3) OC patients received surgical treatment. The
exclusion criteria were: (1) case had incomplete data; (2) cases refused to be included; (3) the pathological results were
contradictory to the clinical diagnosis of OC; (4) cases had other cancers. Figure 1 shows the flow chart of OC patient
selection. The study was approved by the Ethics Committee of the Affiliated Huai’an No.1 People’s Hospital of Nanjing
Medical University, which was consistent with the Helsinki Declaration. All patients provided informed consent.

The demographic and clinical characteristics of OC patients were recorded. Age, sex, drinking, body mass index (BMI),
hypertension, smoking, tumor node metastasis (TNM) stage, diabetes mellitus, lymphatic and vascular invasion (LVI),
perineural invasion and anemia (PNI), serum ALB, and serum LDH were collected. The LAR was calculated as follows:
LAR = LDH (U/L) / ALB (g/L). All OC patients had their LAR calculated at the time of OC diagnosis in this study. All
relevant data were measured before treatments. All information was independently checked by two experienced clinicians.

Follow-Up

The follow-up of patients with OC was as follows: OC cases were recorded monthly in the first half of the year after
treatment, and then twice a year thereafter. Different ways of follow-up (telephone, medical records, and outpatient/
inpatient) were used. The deadline time of follow-up was December 31, 2022. Overall survival (OS) was defined from
the time of diagnosis to the time of death due to any cause.

[ 232 patients with oral cancer screened ]

(Cases were excluded:

(1) With incomplete data (n=23)

(2) Cases did not surgical treatment (n=14)
\(3) With other cancers (n=5)

s ~
190 patients with oral cancer included

. J

{ N
Primary outcome: overall survival

\ J

[Low LAR group(n=9Sﬂ[High LAR group(n=95)]

Flow chart of patient selection

Figure | Flow chart of patient selection.
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Statistical Analysis

Categorical data were shown as number (percentage), whereas continuous data were presented as median (range) or
means (+ standard deviations). Chi-square test or Fisher’s exact test was used for analyzing categorical variables, while
the Student’s #-test or Mann—Whitney U-test was used for calculating continuous variables. The Kaplan—-Meier method
and Log rank test were used to analyze survival rates among different groups. The risk factors associated with the
survival of OC patients were identified via univariate and multivariate Cox regression analyses. The variables with
P value <0.05 in univariate Cox analysis were selected into multivariate Cox analysis. Hazard ratios (HRs) and 95%
confidence interval (CI) were calculated. P < 0.05 was considered statistically significant. Statistical analyses were
performed using SPSS version 21.0, MedCalc 20, and GraphPad Prism version 8.0.

Results

Characteristics of OC Patients
Demographic and clinical characteristics of OC patients are presented in Table 1. Totally, 190 patients with OC were
included, among which 108 males (56.8%) and 82 females (43.2%) were analyzed. There were 122 (64.2%) cases aged

Table | Demographic and Clinical
Characteristics of Oral Cancer

Patients

Characteristics | Overall (n=190)
Age (years)

>60 122(64.2%)

<60 68(35.8%)
Sex

Male 108(56.8%)

Female 82(43.2%)
BMI (kg/m?)

>24.2 95(50.0%)

<242 95(50.0%)
Smoking

Yes 14(7.4%)

No 176(92.6%)
Drinking

Yes 17(8.9%)

No 173(91.1%)
Hypertension

Yes 35(18.4%)

No 155(81.6%)
Diabetes mellitus

Yes 45(23.7%)

No 145(76.3%)
TNM stage

I-1l 149(78.4%)

-1V 41(21.6%)
LvI

Yes 68(35.8%)

No 122(64.2%)
PNI

Yes 21(11.1%)

No 169(88.9%)

(Continued)
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Table | (Continued).

Characteristics

Overall (n=190)

Albumin (g/L)
>42.6
<42.6

LDH (U/L)
>162
<162

LAR
>3.79
<3.79

96(50.5%)
94(49.5%)

94(49.5%)
96(50.5%)

95(50.0%)
95(50.0%)

Abbreviations: BMI, body mass index; TNM
stage, tumor node metastasis stage; PNI, peri-
neural invasion and anemia; LVI, lymphatic and
vascular invasion; LDH, lactate dehydrogenase;
LAR, LDH-to- albumin ratio.

>60 years, while 68 (35.8%) cases aged <60 years. The percentages of smokers and drinkers among the OC patients were

7.4% and 8.9%, respectively. The percentages of OC patients with hypertension and diabetes mellitus were 18.4% and
23.7%, respectively. The median values of ALB, LDH, and LAR were 42.6g/L, 162 U/L, and 3.79, which were used for
the grouping criteria. Other parameters regarding OC patients were shown in Table 1.

Relationship Between LAR and Clinicopathological Characteristics of OC
The median value of LAR was 3.79, which was used for dividing OC patients into two groups. The high LAR group was

>3.79, and low LAR group was <3.79. The associations between serum LAR and clinicopathological characteristics of
OC were shown in Table 2. This study indicated that the percentage of OC patients aged >60 years in the high LAR
group was significantly higher than that in the low LAR group. The percentage of OC patients with higher serum LDH
levels (>162 U/L) in the high LAR group was remarkedly higher than that in the low LAR group. Regarding sex, BMI,

Table 2 Correlation Between LAR and Clinicopathological Features
in Oral Cancer Patients

Variables

Age (years)
>60
<60
Sex
Male
Female
BMI (kg/m?)
>24.2
<242
Smoking
Yes
No
Drinking
Yes
No

LAR P-value
Low LAR (<3.79) | High LAR (>3.79)
0.002
51(53.7%) 71(74.7%)
44(46.3%) 24(25.3%)
0.558
56(58.9%) 52(54.7%)
39(41.1%) 43(45.3%)
0.059
54(56.8%) 41(43.2%)
41(43.2%) 54(56.8%)
0.267
9(9.5%) 5(5.3%)
86(90.5%) 90(94.7%)
0.075
12(12.6%) 5(5.3%)
83(87.4%) 90(94.7%)
(Continued)
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Table 2 (Continued).

Variables LAR P-value
Low LAR (<3.79) | High LAR (>3.79)

Hypertension 0.575
Yes 16(16.8%) 19(20.0%)
No 79(83.2%) 76(80.0%)

Diabetes mellitus 0.232
Yes 26(27.4%) 19(20.0%)
No 69(82.6%) 76(80.0%)

TNM stage 0.860
I-1l 74(77.9%) 75(78.9%)
-v 21(22.1%) 20(21.1%)

LVI 0.762
Yes 33(34.7%) 35(36.8%)
No 62(65.3%) 60(63.2%)

PNI 0.247
Yes 13(13.7%) 8(8.4%)
No 82(86.3%) 87(91.6%)

Albumin (g/L) 0.384
>42.6 45(47.4%) 51 (53.7%)
<42.6 50(52.6%) 44 (46.3%)

LDH (U/L) 0.000
>162 11(11.6%) 83(87.4%)
<l62 84(88.4%) 12(12.6%)

Abbreviations: BMI, body mass index; TNM stage, tumor node metastasis stage; PNI,
perineural invasion and anemia; LVI, lymphatic and vascular invasion; LDH, lactate dehy-
drogenase; LAR, LDH-to- albumin ratio.

drinking, smoking, diabetes mellitus, hypertension, TNM stage, LVI, PNI, and serum ALB, no significant association
was obtained between high LAR group and low LAR group.

Prognostic Significance of Serum LAR on OC Patients
The OC cases were divided into a low LAR group and a high LAR group according to the median LAR value. The
Kaplan-Meier method and Log rank test showed that the high LAR group showed poorer OS compared with the low
LAR group (Figure 2, P < 0.0001). We also compared the OS rates between two groups, and found that the high LDH
group presented a shorter OS than the low LDH group (Supplementary Figure 1A). In addition, this study indicated that
the high ALB group did not show a higher OS than the low ALB group (Supplementary Figure 1B, P > 0.05).
Univariate and multivariate analyses were used to identify the risk factors of survival for OC patients. Univariate Cox
analysis indicated that TNM III-IV stage, serum LDH >162 U/L, and LAR > 3.79 were significantly associated with poor
OS of OC patients (Table 3). Further multivariate Cox analysis suggested that the TNM III-IV stage (HR, 2.317; 95% CI,
1.423-3.774, P = 0.001) and serum LAR > 3.79 (HR, 5.138; 95% CI, 2.245-11.756, P = 0.000) were independent risk
factors for OS among OC patients (Table 3); however, serum LDH > 162 U/L was not associated with the OS of OC
patients.

Discussion
Herein, we introduced a novel biomarker, LAR, for predicting the survival of OC patients among a Chinese Han
population. We found that a high serum LAR (>3.79) was an independent predictor of OS for OC patients.

LDH is a glycolytic enzyme, which could convert pyruvate to lactate and lead to a hypoxic environment. Increased
serum levels of LDH were considered as a marker of poor prognosis for cancers, which was attributed to elevated cancer
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Figure 2 Comparison of overall survival rate between high LAR group and low LAR group among OC patients.

metabolism and tumor burden.”> > A host of studies found that elevated LDH level was associated with poor survival in
various cancers.’®%° In this study, univariate Cox regression analysis showed that higher serum LDH was a risk factor
for the OS of OC patients; however, multivariate Cox regression analysis did not uncover that LDH was associated with
the prognosis of OC. Limited sample size, different treatment strategies, and clinical heterogeneity may contribute to
these inconsistent findings. In addition, ALB is an important protein for cancers, which could reflect the nutritional status

Table 3 Univariate and Multivariate COX Regression Analysis for Overall Survival in Oral

Cancer
Characteristics Univariate Analysis Multivariate Analysis
Hazard Ratio P-value Hazard Ratio P-value
(95% CI) (95% CI)
Age (years)
>60 vs <60 1.703(0.982-2.953) 0.058
Sex
Male vs < Female 0.901(0.559-1.452) 0.667
BMI (kg/m?)
> 242 vs £ 242 1.114(0.692—1.795) 0.656
Smoking
Yes vs No 0.779(0.284-2.140) 0.628
Drinking
Yes vs No 0.625(0.227-1.716) 0.361
Hypertension
Yes vs No 1.087(0.593-1.990) 0.788
Diabetes mellitus
Yes vs No 0.790(0.439—1.424) 0.434
TNM stage
-1V s -1l 2.314(1.423-3.764) 0.001 2.317(1.423-3.774) 0.001
LvI
Yes vs No 1.364(0.841-2.211) 0.208
PNI
Yes vs No 1.025(0.468-2.247) 0.950
(Continued)
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Table 3 (Continued).

Characteristics Univariate Analysis Multivariate Analysis
Hazard Ratio P-value Hazard Ratio P-value
(95% CI) (95% ClI)
Albumin (g/L)
>42.6 vs <42.6 0.915(0.569-1.473) 0.715
LDH (U/L)
>162 vs <162 4.346(2.476-7.628) 0.000 1.562(0.755-3.231) 0.229
LAR
High vs low 7.095(3.711-13.564) 0.000 5.138(2.245-11.756) 0.000

Abbreviations: BMI, body mass index; TNM stage, tumor node metastasis stage; PNI, perineural invasion and anemia;
LVI, lymphatic and vascular invasion; LDH, lactate dehydrogenase; LAR, LDH-to- albumin ratio.

of cancer patients. Several studies have demonstrated that low serum ALB levels could predict poor prognosis of
cancers.’ > In this study, we did not find that serum ALB was related to the survival of OC, which was partly consistent
with the findings by Cui et al.**

LAR, combing ALB and LDH, reflected both tumor burden and nutritional status. Therefore, LAR may be more
effective in predicting the cancer survival than a single marker, such as LDH or ALB. LAR is cost-effective and easily
available, and it could be used for cancer patients at high risk of recurrence, progression, and death. A host of studies

have explored the relationship between the survival of cancers and LAR values. We summarized the findings in

Table 4 The Baseline Characteristics of the Studies Regarding the Association Between LAR and Cancer Survival

Author Year | Country | Types of Cancer Survival Association with the Survival
Indicators

Gan et al*® 2018 | China Hepatocellular carcinoma OS, RFS Yes (OS and RFS)

Gao et al*’ 2018 | China Unresectable pancreatic cancer (6N Yes (OS)

Feng et al*® 2019 | China Esophageal squamous cell CSS Yes (CSS)
carcinoma

Aday et al'® 2020 | Turkey Colorectal cancer oS Yes (OS)

Aday et al*® 2020 | Turkey Gastric cancer (6N No (OS)

Hu et al'’ 2022 | China Colorectal cancer OS, DFS Yes (OS and DFS)

Xie et al*® 2022 | China Colon cancer OS, PFS Yes (OS and PFS)

Peng et al*® 2021 | China Non-metastatic Nasopharyngeal OS, PFS Yes (OS and PFS)
Carcinoma

Zhao et al*! 2022 | China Advanced Nasopharyngeal (6N Yes (OS)
Carcinoma

He et al' 2023 | China Breast cancer PFS Yes (PFS)

Menekse et al®® | 2023 | Turkey Metastatic NSCLC OS, PFS Yes (OS and PFS)

Shu et al'® 2023 | China Colorectal cancer OS, DFS Yes (OS and DFS)

Wu et al'’ 2023 | China Colorectal cancer (o Yes (OS)

Xu et al®® 2023 | China Bladder cancer OS, RFS Yes (OS and RFS)

Abbreviations: NSCLC, non-small cell lung cancer; OS, overall survival; RFS, recurrence-free survival; DFS, disease-free survival; PFS, progression-free survival;
CSS, cancer-specific survival.
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Table 4. Gan et al found that LAR was an independent prognostic predictor in cases with hepatocellular carcinoma
undergoing curative resection.>® They showed that LAR was a significant prognostic marker for both recurrence-free
survival and OS.?>> Feng et al suggested that LAR was an independent risk factor of cancer-specific survival in patients
with resectable esophageal squamous cell carcinoma.*® Gao et al uncovered that high LAR was a prognostic factor for

171938 and two Turkish studies!'®*° have

pancreatic cancer.’’ For Gastrointestinal tumors, four Chinese studies
addressed this issue before. Aday et al indicated that LAR was not a significant predictor for patients with gastric
cancer.”” In their further study, they found that LAR > 52.7 was significantly related to worse disease-free survival and
OS in CRC patients.'® Hu et al'’ and Shu et al'® demonstrated that high LAR was associated with poor OS and
disease-free survival among CRC patients. Xie et al suggested that high LAR was associated with progression-free
survival and OS in cases with colon cancer.® They did not include patients with rectal cancer.*® Wu et al found that
LAR was a significant predictor of OS among patients with CRC.'” For nasopharyngeal carcinoma (NPC), two
Chinese studies showed a significant association with the survival of NPC.***! In addition, two studies indicated
that LAR was significantly associated with the survival of breast cancer’' and bladder cancer.”® A Turkish study by
Menekse et al showed that LAR was an independent predictor of nivolumab in cases with NSCLC.?* In line with
abovementioned studies, this study showed that high LAR was an independent prognostic marker of OS among OC
patients. To the best of our knowledge, this is the first study to uncover an association between the LAR value and
survival of OC patients.

In addition, univariate and multivariate Cox regression analyses showed that TNM III-IV stage was a significant
prognostic factor of OS among OC patients in this study, which was shown in other cancers.'® It is of note that the
cutoff values of the LAR level differed among studies, which may exert effects on the final results of LAR. Various
definitions of LAR may explain this discrepancy. The cutoff value of the LAR level in the study by Aday et al was
quite doubtful,'® which was 52.7. Notably, the cutoff values of the LAR in most of abovementioned studies were lower
than 10.0.

Several limitations were shown in this study. First, this single-center study was retrospective. Multi-center prospective
studies are urgently needed in the future. Second, the sample size was not large enough. Third, the optimal threshold
value of LAR in this study was different from other studies. Fourth, confounding factors affecting the findings were not
included in this study. Fifth, the dynamic monitoring of LAR value was not shown. Sixth, all studies investigating the
relationship between LAR and the survival of OC patients were from China and Turkey; studies from other countries are
needed. Last, other combined indexes including LDH or ALB may also be useful for evaluating the survival of OC
patients.

Conclusions

Totally, this study finds that serum LAR could be served as a marker for the survival of patients with OC. High serum
LAR is associated with poor OS of OC patients. LAR can help physicians make suitable treatment decisions and more
effective management for OC patients. However, these results should be interpreted as hypothesis generated rather than
practice changing due to multiple study limitations (small sample size, retrospective analysis, single-institution experi-
ence, heterogeneous patient population, etc).
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