Rev. Fac. Med. Hum. Abril 2020;20(2):268-275. ISSN Version Online: 2308-0531 [
DOI 10.25176/RFMH.v20i2.2936 Faculty of Human Medicine URP
ORIGINAL PAPER

ALBUMIN AND NEUTROPHIL TO LYMPHOCYTE RATIO
AS PREDICTORS OF TUMOR STAGE IN PATIENTS WITH
GASTRIC CANCER

ALBUMINA E INDICE NEUTROFILO-LINFOCITO COMO PREDICTORES DE ESTADIO TUMORAL EN
PACIENTES CON CANCER GASTRICO

Manuel O. Huaman'#, Jorge Cerna-Barco', Lucy E. Correa-Lépez !, Brady Beltran-Garate's, Jhony A. De La Cruz -Vargas'<

ABSTRACT

Introduction: Gastric canceris a public health problem worldwide. Objective: To determine the association
between albumin, inflammatory markers and tumor stage of gastric cancer patients in a National Hospital
of Peru. Methods: An observational, analytical and retrospective study corresponding to the 2017 and
2018 years. The frequencies and distribution of the variables were evaluated: clinical stage according to
the AJCC 2018, albumin as a nutrition indicator and Neutrophil Lymphocyte-Ratio (NLR) as an indicator of
inflammatory and immune response. The value 2.44 was taken as the cut-off point for high NLR. Results:
Were included 96 patients. The average age was 63.5 years + 12.8, the male: female ratio was 1: 1, 80.2%
came from the region of the coast of Peru; 70.8% had an advanced clinical stage and 85.4% corresponded
to tumor size T3 and T4. 64% presented undifferentiated histological grade and 30.1% showed evidence
of metastasis. The mean NLR was 2.94 + 1.7, and albumin was 3.64 g / dl = 0.6. In the bivariate analysis, a
significant association was found between the high level of NLR and the advanced clinical stage (OR: 4.46
95% Cl 1.65-13.27 p <0.001), and between low levels of serum albumin with advanced stage (OR: 13.02
95% Cl 1.78-563.36 p <0.005). Conclusion: A late diagnosis was found in 70% of the patients. High NLR
as an indicator of inflammatory response and low albumin as an indicator of nutrition are predictors of
advanced clinical stage in gastric cancer.
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RESUMEN

Introduccion: El cancer gastrico es un problema de salud publica a nivel mundial. Objetivo: Determinar
la asociacion entre albumina, marcadores inflamatorios y el estadio tumoral de los pacientes con
cancer gastrico en un Hospital Nacional del Perd. Métodos: Estudio de tipo observacional, analitico y
retrospectivo correspondiente a los afnos 2017 y 2018. Se evaluaron las frecuencias y distribucion de las
variables de estadio clinico segin el AJCC 2018, albiumina como indicador de nutricion e indice-Neutréfilo
Linfocito (INL) como indicador de respuesta inflamatoria-inmunolégica. Se considerd 2,44 como el punto
de corte para INL elevado. Resultados: Fueron incluidos 96 pacientes. La edad promedio fue de 63,5
anos £12,8, la relacion hombre:mujer fue de 1:1, 80,2% provenian de la region de la costa del Perd; 70,8%
tuvieron un estadio clinico avanzado y 85,4% correspondié a tamano tumoral T3 y T4. El 64% presento
grado histologico indeferenciado y un 30,1% mostro evidencia de metastasis. La media de INL fue 2,94
+ 1,7, y de albumina fue 3,64 g/dl + 0,6, En el analisis bivariado se encontré una asociacion significativa
entre el nivel elevado de INL y el estadio clinico avanzado (OR: 4,46 IC 95% 1,65-13,27 p<0,001), y entre los
niveles bajos de albuimina sérica con estadio avanzado (OR: 13,02 IC95% 1,78-5,36 p<0,005). Conclusion:
Se encontré un diagnoéstico tardio en el 70% de los pacientes. El INL elevado como indicador de respuesta
inflamatoria y la albumina baja como indicador de nutricion son factores predictivos de estadio clinico
avanzado en cancer gastrico.

Palabras clave: Neoplasias gastricas, Estadificacion de neoplasias, indice neutréfilo-linfocito (fuente: DeCS BIREME).
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INTRODUCTION

Gastric cancer (GC) is a public health problem?, It
remains a major cause of cancer mortality in East
Asia, Eastern Europe, and South America with more
than 700,000 deaths annually®. More than 70% of
new cases and deaths are from developing countries,
resulting in an important social burden®. Therefore,
the development of cheap and reliable biomarkers to
diagnose GCis crucial.

In the USA and Europe, gastric carcinoma has shown a
notable decrease in its incidence®. However, despite

improvements in surgical and oncological treatments,
mortality from this neoplasm remains very high,
with survival rates 5 years after diagnosis of only 20-
30% in western countries®. Within this general poor
prognosis, there is notable individual variability in
terms of survival, so it is very important to be able
to know the predictive factors about the possible
evolution of a certain patient®,

In Peru, the CG is among the three most frequent
cancers, predominantly in the Cajamarca regions,
related to poverty indicators®?®,
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Figure 1. Role of the immune response in the progression of gastric cancer. Adapted from: Gobert AP, Wilson
KT. Human and Helicobacter pylori Interactions Determine the Outcome of Gastric Diseases. Curr Top Microbiol

Immunol. 2017; 400: 27-52.

Helicobacter pylori infection, low socioeconomic status,
a diet high in red meat, sedentary lifestyle and genetic
predisposition have been identified as the main risk
factors®* ™,

Inflammation appears to be the backdrop for tumor
development and progression, either in the blood or in
tumor tissue. The neutrophil-lymphocyte ratio known
as the Neutrophil-Lymphocyte Index (INL) has been
considered an indicator of systemic inflammation in
many current clinical studies, including gastric cancer
(1224 in the absence of obvious infection®,

Chronicinflammation-mediated primarily by prolonged
neutrophil activation promotes carcinogenesis through
genotoxicity, T-cell inhibition, angiogenesis, and
invasion (See Chart 1). On the contrary, the lymphocytic

population has an antitumor function by recognizing
tumor cells and activating tumor cytolytic activity
through NK and TCD8 (+) cells®.

Although tumor size, degree of invasion, lymph node
involvement and the presence of metastases have been
used for tumor staging and predict the development
and aggressiveness of the neoplasm, there is great
variability in the survival of patients who are in the
same stage, which suggests the existence of additional
factors that influence tumor behavior. The division
of stages (I and Il as localized stages and lll and IV as
advanced stages) has been proposed in advanced
studies??®, Albumin as an indicator of nutritional
status, responsiveness to treatments and complications
has been mentioned in multiple studies.
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The usefulness of INL and albumin to help classify early
to advanced tumor stages is still a controversial issue,
therefore, the objective of this study was to evaluate the
utility of INL and albumin as predictors of a clinical-stage
in patients diagnosed with gastric cancer.

METHODS
Design and population

An observational, analytical, retrospective study was
carried out, in which all hospitalized patients with
a clinical diagnosis of gastric adenocarcinoma were
included during the period July 2017 and July 2018 in
the Stomach Surgery Service of the Edgardo Rebagliati
Martins National Hospital ( HNERM) of the Peruvian
social security (ESSALUD).

Patients with incomplete preoperative data (insufficient
data from the file of the Stomach Surgery Service)
and those who were determined to be tumors of the
esophagus-gastric junction were excluded.

Study variables

Among the variables included in the study,
sociodemographic-clinical variables (sex, age, place
of origin), laboratory (Neutrophil-Lymphocyte Index,
Albumin) and tumor clinical stage according to the
TNM for gastric cancer of the AJCC 2018 were taken into
account.

The INL was obtained as the result of the ratio of the
number of neutrophils between lymphocytes found in
the CBCand the albumin of the biochemical examination
taken preoperatively. INL was considered elevated to
any value greater than 2.44 based on previous studies
in Latin America.

Statistic analysis

Data collection was performed using the datasheet. The
digitization of the data was carried out in the Excel 8.0
program and the analysis with STATA 12.0. Descriptive
statistics were performed with measures of central
tendency and dispersion. For inferential statistics, it
was calculated as a measure of association OR, with
95% Cl with a level of statistical significance <0.05. The
categorical variables were analyzed with chi-square,
fisher, and student t statistics for quantitative variables.

Ethical Criteria

The study was approved by the Hospital Research Ethics
Committee and was developed in the thesis course of
the Research Institute in Biomedical Sciences, according
to published methodology®.

RESULTS

During the period July 2017 to July 2018, 134
hospitalized patients were initially included in the
HNERM Stomach Surgery Service with a diagnosis
of gastric cancer. Data from 98 patients who met the
work inclusion criteria were included in the preliminary
analysis. Two patients with atypical INL data were
identified according to Tukey's method, which is why
they were excluded. Finally, data from 96 patients were
analyzed (See graph 1).

The average age was 63.5 years + 12.8, 68.7% of the
patients were between 45 and 75 years old. Age was
determined to follow a normal distribution. In the
distribution of patients according to sex, the most
frequent was female, representing 52% of the total
sample, maintaining a ratio of 1: 1. Regarding the place
of origin, it is evident that the majority of patients lived
in the coastal region of Peru, representing 80.2% of the
sample.

Regarding the clinical stage, 70.8% had an advanced
stage (cTNM lII-IV). Regarding tumor criteria, it was
evident that the majority of patients were diagnosed
with advanced tumor size in 85.4%, finding positive
nodes in 57.2%; regarding the metastasis criterion, it
was positive in 30.2% of patients (See Table 1).

In the analysis of the Neutrophil-Lymphocyte Index
(INL) the mean was 2.94 + 1.7 and the median 2.44 (RIC
1.68-3.84) was also observed to have a non-parametric
distribution, confirmed by the Shapiro-Wilk test (p
<0.001). According to the clinical stage (cTNM), in the
localized stages (CTNM I-1l) the mean was 2.13 + 0.9, the
median 1.97 (RIC 1.45-2.63), while in advanced stages
(cTNM 1lI-IV) the mean was 3.28 + 1.8, the median
2.73 (RIC 1.79-4.35) (See graph 3). When comparing
both means with the t-student statistic, a statistically
significant difference was obtained (p <0.003). The
albumin mean was 3.64 g / dl + 0.6 in the advanced
stage group was 3.51g/dl £0.6

Table 2 describes the clinical-laboratory characteristics
of patients with gastric cancer according to clinical
stage. Variables were analyzed according to their
nature with the t-student, chi2 and Fisher's exact tests
to determine the p-value. In the clinical stage (cTNM),
a higher proportion of patients with advanced stages
with high INL (0.94: 1) is evident than in those with
normal INL (0.20: 1) (p <0.001). The rest of the variables
did not demonstrate to have statistically significant
differences.
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An OR of 4.64 (95% Cl 1.65-13.27) was obtained with low serum albumin levels OR 13.02 95% Cl 1.78-5,

between the high INL and the advanced clinical stage,
which was statistically significant (p = 0.001), similarly

36 (p = 0.003).

Hospitalized patients with a diagnosis of gastric cancer in
the HNERM stomach surgery service during the years
2017-2018

Z=134[100%]

Patients included for
preliminary analysis
n=98

Excluded: ¥=36[26,8%]

Reasons for exclusion
* Patients with esophageal-gastric

junction cancer (UEG) (n = 26)
o Insufficient data (n = 26)

Excluded: ¥=2[1,4%]
Reasons for exclusion
e Qutliers of INL (n=2)

Patients included for the
final analysis
n=96

Figure 2. Sample selection flow chart.
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Figure 3. Distribution of Neutrophil-Lymphocyte Index (INL) values according to the clinical stage.
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Table 1. Distribution of patients according to age, sex, place of origin, tumor criteria, lymph node criteria,

metastasis criteria and clinical stage.

Age (years)
Half (£SD)
Sex

Male
Female
Place of origin
Coast
Mountain range
Jungle

cT

T1/2

T3/4

cN
Negative N
Positive N
cM
Negative N
Positive N
cTNM

-l

n-1v

(n=96)

63,5

46
50

77

15

14
82

41
55

67
29

28
68

%

(£12.8)

(48%)
(52%)

(80.2%)
(4.1%)
(15.6%)

(14.5%)
(85.4%)

(42.7%)
(57.2%)

(69.8%)
(30.2%)

(29.1%)
(70.8%)

Table 2. Bivariate analysis of clinical-laboratory characteristics in gastric cancer patients according to the

clinical stage.

Variables

Age
<65
>65
Sex
Male

Female

INL

>2/44

<244

Serum albumin

<35
>3,5

cTNM I-IV
n=68
(70,8%)

34 (35.4%)
34 (35.4%)

33 (34.8%)
35 (36.4%)

49 (51.0%)
19 (19.7%)

24 (30.3%)
35 (44.3%)

cTNM I-11
n=28
(20,1%)

12 (12.5%)
16 (16.6%)

13 (13.5%)
15 (15.3%)

10 (10.4%)
18 (18.7%)

1(1,2%)
19 (24.0%)

0.75

1.08

4.46

13.02

1C95%

0.27-1.98

0.41-2.89

1.65-13.27

1.78-5.36

0.41

0.04

11.06

8.79

0.52

0.85

0.0009

0.0030
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DISCUSSION

Our study found that both high INL, as a marker of
inflammatory and immune response, and low albumin,
as an indicator of nutrition, were predictive factors of
advanced clinical stage in gastric cancer.

Gastric cancer is a public health problem, due to its
prevalence, aggressiveness, and late diagnosis. It is
necessary to develop methods for its timely detection
and stratified management®. Multiple variables that
influence the prognosis depend on the general state of
the patient, nutritional status, age, comorbidities, the
histological characteristics of the tumor, the degree of
growth and the extension. of the neoplasm, as well as
of the patient's systemic inflammatory response to the
tumor®'%'”, This inflammatory response is related to
the growth and the capacity for invasion and metastasis
of the neoplasm®,

The systemic inflammatory response accompanies
cancer development, both for early or advanced cancer,
which provides new methods for the early identification
of GC®%3N, Previous studies support the "transformation
of inflammation and cancer" hypothesis®?3%: chronic
gastritis can cause GC®?; Chronic viral hepatitis can
cause cirrhosis, which in turn leads to liver cancer®?. The
epithelium of the gastrointestinal tract is continuously
exposed to the external environment and is susceptible
to inflammation due to various pathogens or other
stimuli®.

Various inflammatory indicators on prognosis in
tumors of the digestive tract, pancreas, and liver have
been evaluated, based on the relationship between
inflammatory response and tumor progressiont", The
Glasgow index based on the values of C-reactive protein
and albumin®, the ratio of circulating neutrophils/
lymphocytes®?, the platelet/ lymphocyte ratio®” and
platelets/neutrophils, also called the Onodera index®?,
stand out.

Resectability is a criterion that is confirmed after surgery
and that at the time of diagnosis can only be presumed
by clinical TNM tumor classification, whose precision
is limited and tends to under-stage in at least 20% of
cases®'9, Therefore, we need to have other predictive
parameters, independent of the clinical TNM, and that
can be determined at the time of tumor diagnosis®®.

In the present study, it was observed that the majority
of patients were between 60-75 years old with an
average age of 63.5 years + 12.8, also 62.5% were older
than 60 years. No significant association was found
between advanced age and advanced clinical stage.
This agrees with studies carried out in Brazil by Szor et
al.®¥ however, in the multivariate analysis, it was found

that age over 65 could have some influence on the
prognosis of patients with gastric cancer.

The proportion of the sample according to sex was 1: 1.
No association was found between sex and high INL, low
serum albumin, and advanced tumor stage. Although
female sex has been associated with an antitumor
protective effect when interacting with estrogen
receptors, this has not been definitively demonstrated
in meta-analyzes and randomized studies®>.

The highest proportion of patients (80.2%) came from
the coastal area. According to the Ministry of Health, the
highest incidence of patients is found on the coast®,
this correlates with our findings. This situation is related
to the population density in the coastal region of Peru
and the internal migratory currents.

Of the patients hospitalized for gastric cancer, 7 out
of 10 corresponded to advanced clinical stages, this
reflects the low presence of primary and secondary
prevention in our health system in terms of a pathology
that notably affects our population. Similarly, most
patients had advanced tumor criteria in 84.5%, positive
lymph node criteria in 57.3%, and positive metastasis
criteria in 30.2%.

It is necessary to strengthen the first level of care and
improve promotional preventive activities in order to
decrease the prevalence and increase the proportion of
patients diagnosed in the early stages”, with emphasis
on Lifestyle Medicine.

The relationship between systemic inflammation
and tumors has been of interest to researchers. In
1869, Ashworth first proposed the CTC “Circulating
Tumor Cells” concept. After years of research, CTC
tests were approved for clinical use. However, the
rarity, heterogeneity, and high cost of CTC tests pose
challenges in using them as biomarkers®>=", This has
led researchers to seriously consider the phenomenon
that cancer cells enter the peripheral blood in the
early stage of cancer, but early metastasis is rare®8*9,
Recent publications have reported that CTCs entering
the peripheral blood trigger an immune response that
includes an increase in the proportion of macrophages
and neutrophils associated with cancer. Li“? observed
an increase in the proportion of peripheral blood
neutrophils in the progression of malignant tumors,
which was associated with the prognosis. Burr” noted
that non-steroidal anti-inflammatory drugs can reduce
the risk of systemic inflammation and tumorigenesis.

The cut-off point for determining the high INL value
is currently debated. As an inflammatory marker, it is
used in different pathologies, gastric cancer is one of
them. In 1976 Nakahara et al. coined the term INL in
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the medical literature and determined its association
with the prognosis of patients with lung cancer. The
cut-off point has been defined through ROC curves
so that those patients with a poor prognosis can be
easily identified®. According to Min et al. the average
cutoff point would be 3.00. Deng et al according to
their analysis found that the appropriate cut-off point
would be 2.46. However, Szor et al in 383 patients of
Brazilian origin determined that the appropriate cutoff
point would be 2.44, being this the cutoff point used in
this study. The INL measure is not standardized, which
is why more studies are required in different Latino
populations with gastric cancer.

In our study the average INL was 2.94 + 1.7, 61.5% of the
patients had a high INL value, particularly the group with
an advanced clinical stage (72.0%) with a mean of 3.28
+ 1.8 having this value statistically significant difference.
with the mean of the group with the localized stage (p
<0.003).

In the bivariate analysis, it was found that patients
with high INL were 4 times more at risk of presenting
an advanced clinical stage. Likewise, Rodriguez C. in
a Cajamarca hospital found a 6-fold increase in the
probability of having an advanced clinical-stage,
similarly in China, Min et al. demonstrated a 1.5-fold
increase in risk.

Neutrophils make up 50-70% of all white blood cells in
the human circulation with an average life span of 5.4
days in the homeostatic condition of oxidative stress
response“?, They are currently believed to promote cell
proliferation, vascularization, and metastasis cancer by
producing pro-angiogenic chemokines and vascular
endothelial growth factor“**, Peripheral blood
lymphocytes are currently believed to cause synergistic
cytotoxicity and exert tumor suppressive properties“.

Interestingly, a recently published work by Tiangy Fang
et al“?, showed that the systemic inflammatory markers
INL and IPL were more valuable for the diagnosis of GC
than the traditional tumor markers CEA and CA19-9,
this diagnostic value was higher in patients male than
a female with CG.

Furthermore, the INL was significantly higher in GC
patients than in normal subjects, which also indicated
that the inflammatory response of the neutrophil-based
tumor in the peripheral blood of the tumor patients
was stronger than the lymphocyte-based antitumor
immune effect).

In our study, albumin was the only biochemical
parameter that presented statistical significance (p =
0.003) that is related as a predictor of advanced disease
in our population.

Numerous biomarkers have been proposed in gastric
cancer. The greatest contribution of our work is that
albumin as a marker of the nutritional status of the
patient with gastric cancer and INL as an inflammatory
indicator and immune response, constitute two simple
parameters, easily accessible and very low cost, with
the ability to predict the clinical stage in patients with
gastric cancer. Our analysis would represent one of the
first reports in the Peruvian population that mentions
hypoalbuminemia and INL associated with advanced
stage in patients with gastric cancer.

Like other published works, ours has the limitation of
not being prospective, which could reduce the accuracy
of the data collected in the medical record. Corresponds
to a single-center study, with a limited sample size.

Future studies, prospective and multicenter in nature,
that include the evaluation of INL and albumin as
prognostic factors for overall survival and disease-free
survival are necessary.

CONCLUSION

Late diagnosis was found in 70% of the patients. INL as
an indicator of inflammatory response and albumin as
an indicator of nutrition are predictors of the advanced
clinical stage in gastric cancer.
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