Aim of the study: To investigate the
prognostic role of lactate dehydroge-
nase-to-albumin ratio (LAR) in gastric
cancer patients undergoing curative
resection.

Material and methods: A retrospec-
tive study was conducted including
resectable gastric cancer patients.
According to the time-dependent re-
ceiver operating characteristics (ROC)
analysis, the optimal threshold for
pretreatment LAR was 5.5. The Ka-
plan-Meier method, Cox regression
univariate and multivariate analyses
were used to analyze the prognostic
factors for disease-free survival and
overall survival (OS).

Results: The study cohort consisted of
81 patients, mean age was 60.2 +13.8
(range, 29-87) years and 55 (67.9%)
were male. The median OS time
was 34.8 and 45 months in patients
with LAR > 5.5 (n = 50) and LAR < 5.5
(n = 31), respectively. Kaplan-Meier
curves showed that with the increase
in LAR there was reduced survival,
but it was not statistically significant
(p = 0.278). Multivariate analyses re-
vealed that the positive lymph node
ratio above 20% was an independent
predictor in resectable gastric cancer
patients (OR = 6.281, 95% Cl: 1.135-
34.767, p = 0.035).

Conclusions: With the increase in LAR
survival in gastric cancer decreased,
but it was not statistically significant.
Studies involving a large patient series
are needed.

Key words: gastric cancer, curative
surgery, LAR, survival.
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Introduction

Gastric cancer is the fourth most commonly diagnosed malignancy and
the second leading cause of cancer death worldwide. Although survival is
increased by combinations of perioperative chemotherapy, and adjuvant
therapies, and surgical resection, the prognosis in gastric cancer remains
poor [1]. The tumor, nodule, and metastasis (TNM) classification system is
highly important in treatment planning and prognosis prediction in patients
with gastric cancer. However, important prognostic factors such as age, sex,
location of the primary tumor, the Lauren classification, and presence of
lympho-vascular invasion are not covered by the TNM classification. More-
over, biomarkers that might aid in prognosis prediction are not covered in
this classification [2, 3]. Lactate dehydrogenase (LDH) and albumin are key
markers of systemic inflammation and have been shown to have prognostic
value in the prediction of cancer progression and metastasis in numerous
cancers such as gastric cancer [4-7]. Moreover, LDH levels correlate with
tumor burden and can reflect the tumor’s growth and invasive potential.
It has been reported that abnormal serum albumin is closely related to the
progression of many diseases. Additionally, low serum albumin levels have
been shown to be associated with poor prognosis in various cancers includ-
ing esophageal, gastric, pancreatic, and colorectal cancers [3, 5, 8-12].

The LDH-to-albumin ratio (LAR) is a prognostic tool used in cancer pa-
tients. Elevated LAR levels have been associated with poor prognosis in
esophageal and hepatocellular cancers [13, 14]. Nevertheless, to our knowl-
edge, there are a limited number of studies reporting on the prognostic value
of LAR, and there has been no study specifically reporting on the effect of
LAR on prognosis in patients with gastric cancer. The aim of this study was
to assess the prognostic value of LAR in patients with gastric cancer after
curative resection.

Material and methods
Study population and ethics statement

The retrospective study included 81 patients who underwent total or sub-
total gastrectomy + D2 lymphadenectomy at Dicle University School of Med-
icine General Surgery clinic between June 1, 2013 and June 30, 2019. Figure 1
presents the flowchart of patient selection and study design. The study was
approved by Dicle University Human Ethics Committee. Inclusion criteria
were as follows: 1) a pretreatment diagnosis of adenocarcinoma established
by endoscopy, 2) laboratory parameters including LDH and albumin levels,
measured during diagnosis, 3) an RO resection, and 4) complete clinicopath-
ologic characteristics and follow-up data. Exclusion criteria were as follows:
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1) history of treatment for cancer, 2) any form of acute or
chronic inflammatory diseases or infections, 3) any form of
systemic diseases, 4) presence of hemolysis, and 5) surgi-
cal resection other than RO resection.

Data collection

Main clinical characteristics such as age, gender, East-
ern Clinical Oncology Group performance status (ECOG
PS), serum levels of LDH, albumin, carcinoembryonic anti-
gen (CEA), carbohydrate antigen 19-9 (CA 19-9) differen-
tiation, and TNM stage were retrieved from retrospective
medical records. Routine laboratory measurements includ-
ing white blood cell (WBC), neutrophil, lymphocyte, and
platelet counts were performed before treatment (since
surgery and chemotherapy will change the LDH value).
The LDH value was correlated with the aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and
potassium values and was excluded from the study in the
presence of hemolysis. Presence of leakage was confirmed
by a combination of clinical, radiological, endoscopic fea-
tures and surgical exploration findings [15]. Metastatic
lymph node ratio (rN) was defined as the number of met-
astatic lymph nodes divided by the total number of lymph
nodes evaluated and was divided into four categories (0%,
1-20%, 21-50%, and > 51%) [16]. Tumor staging was per-
formed according to the Union for International Cancer
Control-American Joint Committee on Cancer (UICC-AJCQ)
TNM Classification System 7™ Edition [17].

Follow-up

All the patients were followed up every 3 months until
2 years after surgery, then every 6 months for up to 5 years,
and then every year or until death [18]. Presence of recur-
rence was confirmed by clinical, radiological, endoscopic,
and biopsy findings (when needed) and by surgical explo-
ration. Disease-free survival (DFS) was defined as the time

Total or subtotal gastrectomy
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Fig. 1. Flowchart of the study

interval between the date of operation and the time when
recurrence was first identified. Overall survival (OS) was
defined as the time interval from the date of surgery to the
date of death. For patients without any sign of an event,
the last follow-up data constituted the terminal record.

Cutoff determination of LAR

A time-dependent receiver operating characteristics
(ROC) curve analysis was performed to predict patients
who died before the median OS and the analysis revealed
that the optimal threshold for pretreatment LAR was 5.5
(sensitivity, 68.2%; specificity, 48.6%; area under the ROC
curve [AUC]: 0.706, p = 0.001) (Fig. 2). On the other hand,
the cutoff values determined for the neutrophil-to-lym-
phocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
were 2.25 and 134.09, respectively.

Statistical analysis

Data collected within the scope of the study were an-
alyzed using IBM SPSS Statistics version 21 for Windows
software (IBM Corp, Armonk, NY, USA). Continuous vari-
ables were expressed as means with standard deviations
(SD) or medians with ranges. Categorical variables were
expressed as frequencies with percentages. For group com-
parisons (LAR < 5.5 vs. LAR > 5.5), the x? test or Fisher’s ex-
act test (categorical variables) and the independent sam-
ple t-test (continuous variables) were used to compare the
differences between subgroups. The overall survival was
estimated using the Kaplan-Meier method and the log-
rank test was used for the comparison of the outcomes.
A Cox regression model was used to analyze the indepen-
dent prognostic risk factors. Significant factors identified
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Fig. 2. Determination of the best cut-off value for pretreatment lac-
tate dehydrogenase-to-albumin ratio (LAR). Time-dependent receiv-
er operating characteristic (ROC) curve for pretreatment LAR. The
optimal threshold for pretreatment LAR was determined as 5.5 (sen-
sitivity, 68.2%; specificity, 48.6%; area under the ROC curve [AUC]:
0.706, p = 0.001)
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Table 1. Relationship between lactic dehydrogenase-to-albumin ratio (LAR) and clinical and pathological parameters

Variables Total LAR< 55 LAR>5.5 p-value
(n=81) (n=31) (n = 50)
n (%) #SD  n (%), #SD  n (%), +SD
Age (years) 0.093
<50 17 (21.0) 10 (32.3) 7 (14.0)
>50 64 (79.0) 21(67.7) 43 (86.0)
Sex 0.825
Male 55 (67.9 22(7.0) 33 (66.0)
Female 26 (32.1) 9 (29.0) 17 (34.0)
PS (ECOG) 0.993
Ol 51 (63.0) 19 (61.3) 32 (64.0)
> 30 (37.0) 12 (38.7) 18 (36.0)
LDH (U/1) 192.7 +#40.6  163.2422.6 210.9 +38.6 < 0.001"
Albumin (g/1) 33.045.74 36.7+529 30.8+4.76 < 0.001"
PLR 0.471
< 134.09 39 (48.1) 17 (54.8) 22 (44.0)
>134.09 42 (51.9) 14 (45.2) 28 (56.0)
NLR 1.0
< 2.25 41 (50.6) 16 (51.6) 25 (50.0)
>2.25 40 (49.4) ) 25(50.0)
CEA (ng/ml) 0.132
<5 65 (80.2) 28 (90.3) 37 (74.0)
25 16 (19.8) 3(9.7) 13 (26.0)
CA19-9 (ng/ml) 0.508
<37 62 (76.5) 22 (71.0) 40 (80.0
>37 19 (23.5 9 (29.0) 10 (20.0
Surgical 1.0
approach
Subtotal 50 (61.7) 19 (61.3) 31 (62.0)
gastrectomy
Total 31(38.3) 12 (38.7) 19 (38.0)
gastrectomy
Anastomotic 7 (8.6) 2 (6.5) 5 (10.0) 0.702
leak
Postoperative 10.1+4.84 9.61+4.04 10.5+5.28 0.406

stay (days)

Variables Total LAR<5.5 LAR>5.5 p-value
(n=81) (n=31) (n = 50)
n (%) £SD  n (%), xSD  n (%), £SD
Tumor stage (T) 1.0
[y 17 (21.0) 7 (22.6) 10 (20.0)
=1V 64 (79.0) 24 (77.4) 40 (80.0)
Total removed 0.831
lymph node
count
<15 18 (22.2) 6 (19.4) 12 (24.0)
>15 63 (77.8) 25 (80.6) 38 (76.0)
Lymph node 1.0
status
pNO-1 39 (48.1) 15 (48.4) 24 (48.0)
pN2-3 42 (5 16 (51.6) 26 (52.0)
Degree of 1.0
differentiation
Well-moderate 36 (44.4) (45.2) 22 (44.0)
Poor-signet ring 45 (55.6) 8) 28 (56.0)
cell
Metastatic-to- 0.689
total excised
lymph node ratio
(%)
0 24 (29.6) 10 (32.3) 14 (28.0)
1-20 22 (27.2) 10 (32.3) 12 (24.0)
21-50 21(25.9) 6 (19.4) 15 (30.0)
>50 14 (17.3) 5(16.1) 9 (18.0)
LVI 55 (67.9) 22 (71.0) 33 (66.0) 0.825
DFS (months) 21.8 4223 244 +249 20.1+20.7 0.411
Adjuvant therapy 67 (82.7) 27 (87.1) 40 (80.0) 0.604
Follow-up time 27.0+20.7 27.9+244 264+184  0.760
(months)
Recurrence 42 (51.9 12 (38.7) 30 (60.0)  0.102
Disease- 44 (543 13 (41.9) 31(62.0) 0.125

related death

PS — performance status, ECOG — Eastern Clinical Oncology Group, LDH — lactate dehydrogenase, PLR — platelet-to-lymphocyte ratio, NLR — neutrophil-to-
lymphocyte ratio, CEA — carcinoembryonic antigen, CA 19-9 — carbohydrate antigen 19-9, LVI — lymphovascular invasion, DFS — disease-free survival, ~ differences

between the groups with y? test are statistically significant p < 0.05

in univariate analysis were subsequently included in the
multivariate Cox proportional hazard model. A two-tailed
p < 0.05 was considered statistically significant.

Results

The 81 patients comprised 55 (67.9%) men and
26 (32.1%) women with a mean age of 60.2 +13.8 (range,
29-87) years. LAR was < 5.5 in 31 (38.2%) and > 5.5 in
50 (61.7%) patients. Table 1 presents the demographic,
clinical, and pathological characteristics of the patients in
both groups. Mean LDH level was 210.9 +38.6 U/l and 163.2
+22.6 U/l and mean albumin level was 30.8 +4.76 g/l and
36.7 £5.29 g/l in patients with LAR > 5.5 and LAR < 5.5,
respectively, and these differences were statistically sig-
nificant (p < 0.001 for both). However, the demographic,
clinical, and pathological characteristics of the two groups
were similar. Mean follow-up period was 27 (range, 6-78)
months and the follow-up periods were also similar in
both groups. Throughout the study period, 44 (54.3%) pa-
tients died of gastric cancer and the median OS time was

34.8 and 45 months in patients with LAR > 5.5 and LAR
< 5.5, respectively (p = 0.278, Fig. 3).

Univariate analysis was performed to determine the
prognostic value of LAR and other clinical variables for
OS (Table 2) and the analysis indicated that NLR > 2.25
(p = 0.048), tumor stage (p = 0.019), N2-3 (p = 0.001), lym-
phovascular invasion (LVI) (p = 0.001), rN > 20 (p = 0.003),
and rN > 50 (p < 0.001) were significant factors for OS,
while LAR (p = 0.288) was an insignificant factor for OS. In
multivariate analysis, however, only rN > 20% was revealed
as an independent factor for OS and this significance level
increased when the rN was higher than 50% (OR = 8.572,
95% Cl: 1.555-47.252, p = 0.014) (Table 3).

Discussion

Serum LDH levels have been shown to be associated
with tumor hypoxia, neo-angiogenesis, and poor prognosis
in numerous tumor types. The oxidoreductase LDH, which
converts pyruvate to lactate when oxygen is absent or in
short supply, plays a crucial role in the metabolism of can-
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Fig. 3. Kaplan-Meier survival curves for gastric cancer patients. Com-
parison of survival outcomes between patients with pretreatment
lactic dehydrogenase-to-albumin ratio (LAR) > 5.5 (n = 50) and pre-
treatment LAR < 5.5 (n = 31). The 5-year overall survival rate was
34.8% and 45.0% in patients with LAR > 5.5 and LAR < 5.5, respec-
tively (p = 0.278)

cer cells. LDH-A is overexpressed in hypoxic carcinomas as
well as metastatic cancer cells, and its levels correlate with
tumor viability. Increased tumor burden correlates with
a more aggressive cancer progression and an increased mi-
totic index and serum LDH level [3, 10, 19, 20]. On the other
hand, serum albumin level is a significant marker of nutri-
tional status. In patients with gastric cancer, it is recognized
that there may be reduced caloric intake owing to steno-
sis of the cardia or pylorus. The tumor-induced systemic
inflammatory response contributes to progressive loss of
albumin; therefore, low albumin level is a valuable prognos-
tic factor for poor survival in patients with gastric cancer. In
addition, hypoalbuminemia has been shown to be associ-
ated with higher postoperative complication rates and lon-
ger hospital stays [11, 21, 22]. Taken together, these findings
suggest that high LDH and low albumin levels will indicate
a poor prognosis. In the literature, there are a limited num-
ber of studies reporting on the prognostic effect of LAR. Feng
et al. [13] evaluated 346 patients with esophageal squa-
mous cell cancer and reported that LAR, TNM stage, and
weight loss were effective factors for survival. In another
study, Gan et al. [14] found that increased LAR levels were
associated with a poor prognosis in patients with hepato-
cellular cancer. In both of these studies, the cutoff value for
LAR was determined as 5.5. Similarly, in our study, the cutoff
value for LAR was 5.5, and although the OS decreased as the
LAR increased, no significant correlation was established
(p = 0.288). Further large-scale studies with larger patient
series and longer follow-up periods are needed to investi-
gate the effect of LAR on prognosis in gastric cancer.

Table 2. Univariate Cox regression analysis of survival outcomes in
patients with gastric cancer

Variable OR 95% Cl p-value
Age (years > 50) 1.662 0.739-3.739 0.662
Sex (male) 1.796 0.885-3.644 0.105
ECOG PS (>2) 1.049 0.565-1.947 0.880
CEA>5 (ng/ml) 1.619 0.817-3.209 0.168
CA19-9 > 37(ng/ml) 1.276 0.643-2.531 0.486
LAR>5.5 1.427 0.740-2.752 0.288
NLR > 2.25 1.831 1.006-3.333 0.048
PLR >134.09 1.798 0.977-3.306 0.059
Surgical approach (TG) 1.803 0.988-3.291 0.055
Anastomotic leak 1.212 0.433-3.395 0.714
T status (T3-4) 4.059 1.255-13.131 0.019
Lymph node status 3.134 1.606-6.116 0.001
(N2-3)
Metastatic-to-total
harvested lymph nodes
ratio (%)
1-20 2.437 0.846-7.017 0.099
20-50 4.774 1.728-13.190 0.003
>51 8.051 2.836-22.852 < 0.001
LVI 4.148 1.747-9.852 0.001
Differentiation 1.328 0.726-2.430 0.357
(poor-signet ring cell)
Adjuvant therapy 1946  0.696-5.441 0.205

OR - odds ratio, Cl - confidence interval, ECOG PS — Eastern Clinical Oncology
Group performance status, CEA — carcinoembryonic antigen, CA 19-9 —
carbohydrate antigen 19-9, LAR — lactic dehydrogenase-to-albumin ratio, NLR
— neutrophil-to-lymphocyte ratio, PLR — platelet-to-lymphocyte ratio, TG — total
gastrectomy, LVI = lymphovascular invasion

Table 3. Multivariable Cox regression analysis of survival outcomes
in patients with gastric cancer

Variable OR 95% CI p-value
NLR > 2.25 1705 0.906-3.208 0.098
T status (T3-4) 2514 0.700-9.029 0.158
Lymph node status (N2-3) 0.478 0.125-1.824  0.280
LVI 1.637 0.468-5734 0.441
Metastatic-to-total excised lymph
node ratio (%)
1-20 2461 0.687-8.814 0.166
20-50 6.281 1.135-34.767 0.035
251 8.572 1555-47.252 0.014

OR - odds ratio, Cl - confidence interval, NLR — neutrophil-to-lymphocyte ratio,
LVI = lymphovascular invasion

Recurrence is the most common cause of cancer-relat-
ed death in gastric cancer patients. Owing to the fact that
more than half of gastric cancers are advanced at the time
of diagnosis, even when a curative resection is possible,
recurrence may occur in approximately 60% of patients
[21]. The recurrence of surgically resectable gastric cancer
is influenced significantly by the presence of lymph node
metastasis. The higher the number of metastatic lymph
nodes, the worse is the prognosis of gastric cancer pa-
tients [23, 24]. The resection of 15 nodes is recommend-
ed in the AJCC’s TNM staging system. Metastatic lymph
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node ratio (rN) is a widely accepted prognostic marker of
gastric cancer, and an increased rN is considered to indi-
cate a poor prognosis. On the other hand, the clinical sig-
nificance of the rate of positive lymph nodes has recently
increased due to the decreasing number of lymph nodes
dissected after chemotherapy [16, 25, 26]. In the present
study, multivariate analysis indicated that only rN > 20%
was a significant factor for OS, and this significance level
increased when the rN was higher than 50% (HR = 8.572,
95% Cl: 1.555-47.252, p = 0.014). Increase in the rate of
metastatic lymph node affects survival negatively.

There are several limitations associated with the pres-
ent study: 1) a small number of patients were evaluated
and there was selection bias, 2) the study design was ret-
rospective, 3) no long-term follow-up data were available,
and 4) the optimum cutoff value for preoperative LAR re-
mained unknown, although 5.5 was set as the cutoff value
using the results of a ROC analysis.

Conclusions

Elevated LAR levels had no significant effect on OS in
patients with gastric cancer undergoing curative resec-
tion. A metastatic lymph node ratio (rN) of > 20% was
found to be an independent predictor of poor prognosis.

The authors declare no conflict of interest.
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