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La Alblimina Sérica es un Predictor Independiente de Mortalidad Hospitalaria en Pacientes con Cancer
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Gragas Pena®

ABSTRACT

Introduction: Cancer is one of the leading causes of morbidity and mortality worldwide. There are few studies showing adjusted models
with other predictors of mortality by a conceptual model perspective. Objective: The objective of this study was to verify the prediction of
albumin and Prognostic Nutritional Index (PNI) with in-hospital mortality in cancer patients. Method: Retrospective study was performed
from 2014 to 2016 with 262 cancer patients (gastrointestinal tract, male genital organs, breast, metastasis, urinary tract, head and neck
and others). Demographic data, blood counts, C-reactive protein, albumin, and haematological indexes (Prognosis nutritional index -
PNI, Neutrophils to lymphocytes ratio - NLR, Monocytes lymphocytes ratio - MLR, Platelets to lymphocytes ratio - PLR and Platelets
to albumin ratio - PAR), nutritional diagnoses and hospital outcomes (discharge or death) were collected. The cumulative probability of
death was calculated by Kaplan-Meier curves, and survival analyses were performed using the Cox proportional hazards model. Results:
The frequency of death among the study patients was 10.7% (28). Among the patients who died, 99.2% (26) presented some degree of
malnutrition (p=0.004). In the multivariate analysis, serum albumin (<3 g/dL) was independently associated with in-hospital mortality
(HR=3.43,95% CI 1.11-10.63). On the other hand, the PNI was not associated with in-hospital mortality. Conclusion: Serum albumin
levels during hospitalization were predictors of in-hospital mortality in the population evaluated. These results suggest that the serum

levels of this protein can be used in clinical practice, adding prognostic information in patients with cancer.
Key words: Serum Albumin; Hospital Mortality; Nutritional Assessment; Neoplasms; Prognosis.

RESUMO

Introdugiao: O cancer ¢ uma das principais causas de morbidade e
mortalidade em todo 0 mundo. Existem poucos estudos mostrando modelos
ajustados com outros preditores de mortalidade por uma perspectiva de
modelo conceitual. Objetivo: Verificar a predigio de albumina e do Indice
Nutricional Prognéstico (IPN) com mortalidade intra-hospitalar em
pacientes com cincer. Método: Estudo retrospectivo realizado de 2014 a
2016 com 262 pacientes com cincer (trato gastrointestinal, 6rgaos genitais
masculinos, mama, metdstases, trato urindrio, cabega e pescogo e outros).
Foram coletados dados demogréficos, hemograma, proteina C reativa,
albumina e indices hematolégicos (indice de prognéstico nutricional - IPN;
relagdo neutréfilo por linfécitos - RNL; relagio monécitos por linfécitos
- RML; relagio plaquetas por linfécitos - RPL; e relagio plaquetas por
albumina — RPA), diagnésticos nutricionais e desfechos hospitalares (alta
ou 6bito). A probabilidade cumulativa de morte foi calculada pelas curvas
de Kaplan-Meier e as andlises de sobrevivéncia realizadas usando o modelo
de risco proporcional de Cox. Resultados: A frequéncia de 6bito entre os
pacientes do estudo foi de 10,7% (28). Entre os pacientes que morreram,
99,2% (26) apresentavam algum grau de desnutri¢ao (p=0,004). Na anilise
multivariada, a albumina sérica (<3 g/dL) associou-se de forma independente
a mortalidade hospitalar (HR=3,43, 1C95% 1,11-10,63). Por outro lado,
o IPN nao foi associado com mortalidade intra-hospitalar. Conclusao:
Os niveis de albumina sérica durante a internagio foram preditores de
mortalidade intra-hospitalar na popula¢io avaliada. Esses resultados sugerem
que os niveis séricos dessa proteina podem ser utilizados na prtica clinica,
agregando informagoes prognésticas em pacientes com cincer.
Palavras-chave: Albumina Sérica; Mortalidade Hospitalar; Avaliacio
Nutricional; Neoplasias; Progndstico.

RESUMEN

Introduccidén: El cdncer es una de las principales causas de morbilidad y
mortalidad en todo el mundo. Hay pocos estudios que muestren modelos
ajustados con otros predictores de mortalidad desde una perspectiva de
modelo conceptual. Objetivo: El objetivo de este estudio fue verificar la
prediccion de la albimina y el Indice Nutricional Pronéstico (IPN) con
la mortalidad hospitalaria en pacientes con cdncer (tracto gastrointestinal,
6rganos genitales masculinos, mama, metéstasis, tracto urinario, cabeza
y cuello y otros). Método: Se realizé un estudio retrospectivo de 2014 a
2016 con 262 pacientes con cdncer. Se recogieron datos demograficos,
hemogramas, proteina C reactiva, albiimina y indices hematolégicos (Indice
de Pronéstico Nutricional - IPN, proporcién neutréfilos/linfocitos - NLR,
proporcién monocitos/linfocitos - MLR, proporcién plaquetas/linfocitos -
PLR y proporcién plaquetas/albimina - PAR), diagndsticos nutricionales
y resultados hospitalarios (alta 0 muerte). La probabilidad acumulada de
muerte se calculé mediante curvas de Kaplan-Meier y se realizaron andlisis
supervivencia utilizando el modelo de riesgos proporcionales de Cox.
Resultados: La frecuencia de muerte entre los pacientes del estudio fue del
10,7% (28). Entre los pacientes fallecidos, el 99,2% (26) presentaba algin
grado de desnutricién (p=0,004). En el andlisis multivariado, la albimina
sérica (<3 g/dL) se asoci6é de forma independiente con la mortalidad
hospitalaria (HR=3,43, IC 95% 1,11-10,63). Por otro lado, el IPN no
se asocié con mortalidad intrahospitalaria. Conclusién: Los niveles de
albiimina sérica durante la hospitalizacién fueron predictores de mortalidad
intrahospitalaria en la poblacién evaluada. Nuestros resultados sugieren que
los niveles séricos de esta proteina se pueden utilizar en la préctica clinica,
agregando informacién de pronéstico en pacientes con cdncer.

Palabras clave: Albiimina Sérica; Mortalidad Hospitalaria; Evaluacién
Nutricional; Neoplasias; Prognéstico.
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INTRODUCTION

Cancer is one of the main causes of morbidity and
mortality worldwide, despite advances in detection and
treatment in recent years'. The complexity of clinical-
pathological factors related to individuals and disease®?
influences the prognosis of patients with cancer. The
knowledge of these factors is extremely important for
risk stratification and definition of the most appropriate
therapy”.

The relationship between prognosis and laboratory
tests as markers of inflammation in cancer patients was
evaluated in several studies utilizing univariate analyses or
mean indexes based on scoring systems, demonstrating the
association of these markers with long-term mortality®’.

Albumin was associated with low long-term survival
in various types of cancer®”. In addition to the increase of
protein catabolism and chronic malnutrition, low serum
levels of this protein can reflect in elevation of the systemic
inflammatory response®. However, few studies have
investigated serum albumin levels during hospitalization
as a prognostic factor for mortality and hospital discharge.
The recognition of this parameter as a prognostic factor
during hospitalization would allow early intervention, for
better recovery and survival.

The Prognostic Nutritional Index (PNI), based on
serum albumin values and total lymphocyte count, was
able to reflect the nutritional and immunological status
of the individual® and was described as a prognostic factor

3,10,11
>

of long-term mortality for patients with cancer on

peritoneal dialysis'? and more recently with coronary

artery disease'>.

Red blood cell distribution width (RDW) was also
described in some studies as a prognostic marker in cancer
patients’ '8
in-hospital mortality in elderly patients hospitalized for
all causes®.

, patients with congenital heart disease" and

Although some studies have previously analysed the
association between hypoalbuminemia and increased
in-hospital mortality in patients with various types of
disease?!?4, little is known about the association of serum
levels of albumin or PNI with in-hospital mortality in
cancer patients. Besides, the available studies differ in
relation to the populations evaluated, considering only
a specific type of cancer and few considered aspects
related to nutritional status and other variables, such
as haematological indexes. Classical analysis strategies
supported the authors’ evaluations with multivariate
models. So far, there are still no studies in the literature
with the same objectives based in statistics conceptual
models. Thus, the objective of this study was to evaluate
the association of albumin and PNI with length of
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hospital stay and in-hospital mortality, considering other
laboratory measures and prognostics indexes.

METHOD

STUDY DESIGN AND PATIENTS

Retrospective study with 262 patients with cancer
hospitalized in a university hospital from January 2014
to December 2016. All cancer patients hospitalized with
data about nutritional status were included. All patients
were diagnosed with cancer at the time of admission. Of
the patients with more than one hospitalization during
the study period, information was considered only from
the first hospitalization. The clinical-pathological data
were obtained from the Hospital Information System
(HIS). The study patients were selected from the wards of
Internal Medicine, Surgical I (Traumatology, Neurology
and Urology), Surgical II (Thoracic, Gastrointestinal Tract
and General) and Surgical IIT (Vascular and General),
Coronary Unit, Chest Pain Unit, Infectious Diseases and
Emergency Room.

DATA EXTRACTION AND PATIENTS’ CHARACTERISTICS

Sociodemographic, clinical, biochemical and hospital
outcome data were extracted from HIS. The following
results for laboratory tests were obtained: complete blood
count, albumin, and C-reactive protein (CRP). The data
of the nutritional status of the patients were obtained from
the subjective global assessment (SGA). This instrument
assesses the history of weight, changes in food intake,
presence of gastrointestinal symptoms, functional capacity,
and physical examination. The patient is classified
according to its nutritional status, as well nourished (A),
risk of malnutrition or moderate malnutrition (B) and
severe malnutrition (C).

For the collection of laboratory tests, the first results
obtained during hospitalization were considered. Also, a
maximum of 30 days between the date of the exam and
the date of completion of the SGA® was allowed in order
to minimize possible analysis bias.

1.2¢ were considered

The values described in Proctor et a
to determine the modified Glasgow Prognostic Score
(mGPS), where a score of 0 was assigned to patients who
did not have alterations in their CRP and albumin values,
a score of 1 to those with CRP>10 mg/L and a score of
2 to those who had serum levels of albumin <3.5 mg/dL
and CRP>10 mg/L). The PNI was calculated from the
following: 10 x serum value of albumin (g/dL) + 0.005
x total lymphocyte count (TLC) in peripheral blood
(mm?)°. The albumin values were categorised according
to Blackburn and Thornton?” as moderate malnutrition
(<3.0) and mild malnutrition (>3.0), and also according

to those found in previous studies**?.



Other indexes were calculated including neutrophil to
lymphocyte ratio (NLR), monocyte to lymphocyte ratio
(MLR), platelet to lymphocyte ratio (PLR) and platelet
to albumin ratio (PAR).

POTENTIAL CONFOUNDING VARIABLES

The potential confounding variables sex, age range (<60
years and 260 years), nutritional status (with and without
malnutrition), immunological markers (neutrophils) and
inflammatory markers (RDW) were considered.

STATISTICAL ANALYSES AND ETHICAL ASPECTS

Descriptive statistics were expressed as mean of
percentage, mean and standard deviations or medians
(IQ25-75%). To evaluate the differences between the
patients who died and the patients who were discharged
from the hospital, the Pearson Chi-square test for
categorical variables and analysis of variance (ANOVA)
for continuous variables were used.

Kaplan-Meier survival curves were used to evaluate
the cumulative probability of survival, and the differences
between the curves were compared through the log-rank
test. The predictors of mortality were identified through
univariate and multivariate regression using the Cox
proportional hazards model, and two models were created
to identify the independent factors associated with in-
hospital mortality. Cancer death as an event of interest,
the time until the occurrence of the event and the length
of hospital stay were considered. The models were adjusted
based in a conceptual model, considering the possibility
of confounding variables after literature review. In the first
model, albumin (23 g/dL/<3 g/dL), demographic variables
(sex and age group), nutritional status, neutrophils and
RDW were included. In the second model, the PNI to
verify its influence on the TLC.

All statistical analyses were run using the Statistical
Package for the Social Sciences (SPSS) for Windows,
version 20.1 (SPSS?, Inc., Chicago, USA), with a p-value
<0.05 and 95% confidence interval (CI) were considered
statistically significant.

This study was conducted in accordance with the
Helsinki Declaration*and was approved by the Institutional
Review Board (CAAE 66930517.0.0000.5152).

RESULTS

Of the 262 patients enrolled in the study, 50.4%
were men with a mean age of 62.24 years, 62.6% were
60 years or older and 54.6% had a length of stay = 10
days. The frequency of metastasis was 35.5%, followed by
gastrointestinal tract tumours (32.1%) and male genital
organ tumours (11.1%). Regarding nutritional status,

Serum Albumin is Predictor of Hospital Mortality

69.1% (181) were malnourished. Finally, the frequency
of death was of 10.7% (Table 1).

Malnutrition (p=0.004), lowest PNI score (p=0.002)
and ward (p=0.011) were associated with in-hospital
mortality (Table 1).

Many laboratory measures and their indexes were
associated with in-hospital mortality, such as the levels
of leukocytes, lymphocytes, neutrophils, RDW, CRP,
albumin, red blood cells, haemoglobin, haematocrit, NLR
and PAR. It was not observed association of in-hospital
mortality with other indexes, as MLR and PLR (Table 2).

The analysis of survival curves showed that the
patients with values of albumin <3 g/dL had lower survival
(p=0.003) (Figure 1A). The cumulative probability of
in-hospital survival was not associated with nutritional
status (Figure 1B) or the age group (Figure 1C) by log-
rank test (p=0.605 and p=0.082, respectively), although
it was observed that the frequency was higher in older
adults and malnourished.

It was observed that the levels of lymphocytes
(p=0.024), neutrophils (p=0.040), RDW (p<0.001),
albumin (23 g/dL/<3 g/dL) (p=0.007), red blood
cells (»p=0.001), haemoglobin (p=0.003), haematocrit
(»=0.002) and PNI (p=0.038) were significantly associated
with in-hospital mortality in the samples evaluated by
univariate analyses (Table 3).

The main exposure and the univariate and multivariate
models are shown in Table 3. The PNI was not associated
with in-hospital mortality after adjustment of the model
(HR=2.22, 95% CI 0.70-6.98). On the other hand,
patients with albumin <3 g/dL (model 2) showed 3.3 times
greater risk for death compared to those with appropriate
values (HR=3.31, 95% CI 1.05-10.42) independent of age,
sex, nutritional status, and level of anisocytosis.

DISCUSSION

In the present study, it was possible to identify
the prognostic factors associated with in-hospiral
mortality. It was verified that serum albumin levels
<3.0 g/dL were an independent predictor of death
during hospitalization in patients with cancer, even
after adjustment for possible confounding variables (sex,
age range, nutritional status (by SGA), neutrophils and
RDW). Serum levels of this protein <3.0 g/dL increased
the risk of in-hospital mortality by 3.3 times in this
population (Table 3, Figure 1A). Although discussed
in the literature, it did not happen with the PNI. Despite
albumin and PNI are associated with low survival in
patients with cancer, studies comparing the prognostic
value of these variables in different models for the same
population were not found; besides, few studies adjusted
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Table 1. Description of the demographic, clinical and nutritional characteristics of patients with cancer according to clinical outcome

Hospital discharge Death
Variables p-value*
234 (89.3) 28 (10.7)
Sex
Male 120 (51.3) 12 (42.9) 0.399
Female 114 (48.7) 16 (57.1)
Age (years)
<60 88 (37.6) 10 (35.7) 0.845
=60 146 (62.4) 18 (64.3)
SGA
Well nourished (A) 79 (33.8) 2(7.1) 0.004
Malnutrition (B+C) 155 (66.2) 26 (92.9)
mGPS
0 15 (9.9) 1(4.2) 0.096
1 103 (68.2) 13 (54.2)
2 33 (21.9) 10 (41.7)
PNI
>38.4 55 (44.7) 17 (81) 0.002
<38.4 68 (55.3) 4(19)
Ward
Internal medicine 31(13.2) 4 (14.3) 0.011
Surgical Il 158 (67.5) 16 (57.1)
CU + CPU 5(2.1) 0
Infectious Diseases 10 (4.3) 1(3.6)
Emergency room 0 1(3.6)
Others® 30 (12.9) 6 (21.4)
Hospital-stay (days)
<10 132 (56.4) 11 (39.3) 0.085
=10 102 (43.6) 17 (60.7)
Tumour site
Gastrointestinal tract 76 (32.5) 9 (32.1) 0.859
Male genital organs 26 (11.1) 3(10.7)
Breast 4 (1.7) 0
Metastasis 80 (32.4) 14 (50)
Urinary tract 10 (4.3) 0
Head and neck 12 (5.1) 0
Others® 26 (11) 2 (7.2)

Captions: SGA = Subjective global assessment; mGPS = Modified Glasgow Prognostic Score; PNI = Prognosis nutritional index; CU + CPU = Coronary unit +
chest pain unit; Others® = Surgical I + surgical III; Others® = Female genital organs + trachea + hematological + lung + skin + osteosarcoma.

(*) Pearson chi-square test.

the variables related to nutrition, inflammatory and
immunological status.

The laboratory exams reflect the impact of the disease
and treatment together with other non-modifiable
factors, such as age and sex. Some studies explored the
albumin levels in clinic situations, finding a negative
association between albumin and in-hospital mortality
in patients with oesophageal cancer®. Bonilla-Palomas

et al.”?

observed that in patients with acute heart failure,
hypoalbuminemia was associated with in-hospital
mortality and was an independent predictor of mortality
after discharge, especially in the first 6-10 months,
indicating an association of low albumin with short-term

and long-term hospital outcomes?.
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Gupta and Lis verified in a systematic review that
albumin in antineoplastic pre-treatment has significant
prognostic meaning, being a good prognostic marker of
mortality’. Other studies observed that hypoalbuminemia
has been associated with in-hospital mortality®', worse
functional status and longer hospitalization time in
older adults®. Recently, Miyazaki et al* observed that
low levels of albumin at admission and during the first
week of hospitalization were independent predictors
of in-hospital mortality over 30 days in patients with
community-acquired pneumonia. The patients with
albumin <3 g/dL had a mortality rate higher than
individuals with albumin > 3 g/dL, increasing according
to pneumonia severity.



Table 2. Comparison of laboratory measures of patients with cancer by in-hospital death

Serum Albumin is Predictor of Hospital Mortality

Hospital discharge Death
Variables Mean * Median n Mean + Median p-value*
(SD) (1Q25 - 75%) (SD) (1025 - 75%)
Leukocytes 206 9.26 (4.32) 8.55 25 11.92 (4.67) 11.50 0.004
(mm?) (6.10-11.80) (7.85 - 15.25)
Lymphocytes (%) 205 18.50 18.00 25 11.16 (7.13) 10.00 0.001
(10.51) (10.00 — 25.00) (6.00 — 13.50)
Red cells (%) 194 6.13(8.91) 3.00 24 6.17 (5.34) 5.50 0.986
(1.00 - 7.00) (2.00 - 9.00)
Neutrophils (%) 205 67.00 68.00 25 74.62 77.00 0.003
(12.25) (29.00 - 75.50) (11.40) (67.20 - 82.50)
Eosinophils 203 1.91(2.39) 1.00 25 1.02(1.20) 1.00 0.067
(mmd) (0.00 — 3.00) (0.00 — 2.00)
Basophils (mm?) 201 0.28 (0.53) 0.00 25 0.31(0.61) 0.00 0.759
(0.00-0.35) (0.00 - 0.40)
Monocytes 205 6.39 (3.08) 6.00 25 6.66 (4.09) 7.00 0.690
(mmd) (4.00 - 8.50) (3.50 — 8.50)
Platelets (mm?3) 206 261.28 231.50 25 280.96 259.00 0.451
(119.06) (182.00 - 314.25) (153.90) (182.50 - 385.50)
TLC 205 1500.81 1406.00 25 1165.10 1080.00 0.053
(836.52) (860.50 — 2065.00) (581.98) (785.00 — 1471.50)
RDW (%) 228 13.98(2.18) 13.05 26 16.04(3.81) 15.00 <0.001
(12.70 - 15.00) (13.45 — 17.25)
CRP (mg/dL) 180 8.46 (9.07) 4.67 24 12.77 (7.85) 11.70 0.028
(0.00 — 46.80) (6.62 - 18.97)
Albumin (g/dL) 134 3.24 (0.66) 3.30 23 2.63 (0.60) 2.64 <0.001
(2.81 - 3.80) (2.40 - 2.91)
PNI 123 39.79 (8.45) 39.50 21 31.91(7.81) 30.24 <0.001
(34.70 — 45.65) (26.25 - 39.87)
CRP/Albumin 63 2.68(4.20) 1.48 11 4.40 (2.88) 4.28 0.199
(0.25 - 3.76) (2.62 - 5.60)
Erythrocytes 206 4.01(0.70) 4.05 25 3.31(0.66) 3.41 <0.001
(millions/mm3) (3.60 — 4.48) (2.72 - 3.87)
Hemoglobin 228 11.47 (2.25) 11.70 27 9.44(1.98) 9.80 <0.001
(9%) (10.10 - 13.00) (7.90 - 10.6)
Hematocrit (%) 228 34.87 (6.39) 35.25 27 29.17 (5.81) 29.40 <0.001
(30.65 - 39.27) (24.70 - 33.20)
MCV 206 87.41 (7.54) 8.35 25 88.89 (9.85) 87.30 0.374
(82.90 - 92.30) (84.15 — 94.35)
MCH 206 28.74(3.15) 29.15 25 28.82 (3.46) 28.30 0.898
(27.40 - 30.70) (20.80 - 38.80)
MCHC 206 32.82 (1.61) 32.90 25 32.42 (1.58) 32.40 0.239
(31.90 - 33.82) (27.00 - 30.60)
NLR 205 6.93 (10.46) 3.75 25 12.34 7.50 0.023
(2.41 - 7.80) (15.96) (5.11 = 13.16)
MLR 205 0.52 (0.51) 0.36 25 0.72 (0.55) 0.51 0.067
(0.20 - 0.62) (0.34 — 1.00)
PAR 124 88.82 77.62 21 119.54 100.00 0.031
(53.88) (53.78 — 104.49) (87.04) (66.65 — 149.15)
PLR 205 0.24 (0.24) 0.18 25 0.31(0.25) 0.05 0.154
(0.12 - 0.27) (0.17 - 0.39)

Captions: TLC = Total lymphocyte count; RDW = Red blood cell distribution width; CRP = C-reactive protein, PNI = Prognosis nutritional index; SD =
Standard deviation; MCV = Mean corpuscular volume; MCH = Mean corpuscular hemoglobin; MCHC = Mean corpuscular hemoglobin concentration; NLR
= Neutrophils to lymphocytes ratio, MLR = Monocytes to lymphocytes ratio; PAR = Platelets to albumin ratio; PLR = Platelets to lymphocytes ratio; 1Q =
Interquartile.

(*) ANOVA test.
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Figure 1. Kaplan-Meier curves stratified for serum albumin (<3/=3g/dL) (A), nutritional status by subjective global assessment (no malnutrition/
moderate or severe malnutrition) (B) and age range (<60/=60 years) (€)

In this study, the PNI showed significant association
with in-hospital mortality in the univariate analysis
(HR=0.94, 95% CI 0.899-0.997). However, when
it was adjusted for the same confounding variables
used for albumin, the association was not significant
(HR=2.22, 95% CI 0.709-6.981), demonstrating a
likely superiority in the use of isolated albumin as an
independent prognostic factor of in-hospital mortality
in patients with cancer.

The mechanisms involved in the decline of serum albumin
levels in cancer patients are not completely elucidated yet.
Hypoalbuminemia was independently associated with total
body cell mass and CRP of men with cancer, suggesting
that the presence of inflammatory responses in these
patients leads to an increase in demand of amino acids
intended for production of acute-phase protein levels (such
as CRP and fibrinogen), resulting in a reduction of the poo/
of albumin and body cell mass, which in a prolonged way,
could be associated with mortality in these patients®. This
identification of hypoalbuminemia could be useful to detect
previous cell mass loss, for more effective intervention in the
nutritional status of these individuals®.

Albumin plays important functions in organisms,
such as maintenance of colloid-osmotic pressure, of acid-
basic balance, transport of substances (such as hormones,
ions and drugs) and providing amino acids for tissues™.
The reduction in serum concentrations of this protein,
wherefore, could be related to reduction of survival.

Furthermore, the presence of cytokines produced by
tumours, such as interleukin-6 and -2 and TNF-alpha,
leads to modulation of the production of albumin by
hepatocytes, inhibiting its synthesis”**3*%. Consequently,
this reinforces the need to investigate variables that
correlate to the inflammatory context as well.
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Recognising the association of albumin and RDW
with inflammation, RDW was considered a possible
confounding variable in this multivariate analysis model.
Previous studies verified the association of RDW as a
prognostic factor in patients with cancer>”’. Koma et
al'® showed that changes in the RDW reflect both the
nutritional status and the chronic inflammation in cancer
patients.

Although RDW has been associated with mortality
in a meaningful way in univariate analysis (p<0.001),
this significance was reduced by the levels of albumin in
multivariate analysis (p<0.064) (Table 4). Montagnana
and Danese® concluded that although many studies
demonstrate this association, when the RDW is adjusted
by other variables, this association is lost, as also observed
163738 In addition, most of the studies
available used different cut-off points, providing the

in other studies

replication and validation of this variable as a prognostic
indicator. Yu et al.'” verified the association of RDW
and cancer in a systematic review and meta-analysis of
16 studies where the cut-off points varied from 13.45%
to 50%. As a result, it was decided to incorporate the
variable continuously in a multivariate model, different
from other studies.

Other indexes were also evaluated, such as NLR, MLR,
PLR and PAR; however, these were not associated with
in-hospital mortality. Despite leukocytes being associated
with mortality®-4!
mortality. Furthermore, the pathophysiological levels may

, these studies did not assess short-term

be altered in different clinical conditions, leading to an
increase of infections and in the use of glucocorticoids,

but may be reduced in malnutrition**, which is why its
validity in major prognostic determinations should be

done cautiously?®.



Table 3. Predictors of in-hospital mortality of patients with cancer by Cox proportional hazard model

Serum Albumin is Predictor of Hospital Mortality

PNI Albumin

Variables Univariate Multivariate Multivariate

HR (95% CI) p-value HR (95% ClI) p-value HR (95% ClI) p-value
Sex 1.68(0.78-3.63) 0.184 1.65(0.64-426) 0.297 1.23(0.46-3.30) 0.668
Age range 0.81 (0.37-1.78) 0.608 1.83(0.62-5.42) 0.273 2.15(0.72-6.35) 0.165
(<60/=60y)
mGPS 1.99 (0.91 -4.13) 0.064 - - - -
Ward 1.17 (0.86 -1.60) 0.297 - - - -
Nutritional 3.32(0.78-14.10) 0.103 2.29(0.30-17.42) 0.423 2.27 (0.29 - 0.435
status (SGA) 17.80)
Leukocytes 1.06 (0.98-1.13) 0.106 - - - -
Lymphocytes 0.94 (0.89 - 0.99) 0.024 - - - -
Red cells 0.99 (0.95-1.04) 0.807 - - - -
Neutrophils 1.03 (1.00-1.07) 0.040 - - 1.03 (0.99 -1.08) 0.099
Eosinophils 0.73 (0.53 - 1.00) 0.054 - - - -
Basophils 1.13 (0.58 -2.19) 0.714 - - - -
Monocytes 1.01 (0.89 - 1.15) 0.787 - - - -
Platelets 0.99 (0.99-1.00) 0.702 - - - -
TLC 1.00 (0.99 -1.00) 0.221 - - - -
RDW 1.22 (1.09-1.37) <0.001 1.15(0.99-1.33) 0.054 1.10(0.95-1.27) 0.199
CRP 1.02 (0.98-1.06) 0.178 - - - -
Albumin (g/dL)  0.59 (0.33-0.05) 0.074 - - - -
CRP/Albumin 1.01(0.92-1.10) 0.759 - - - -
Erythrocytes 0.24 (0.26 - 0.67)  0.001 - - - -
Hemoglobin 0.78 (0.66 - 0.91) 0.003 - - - -
Hematocrit 0.91 (0.86 - 0.97) 0.002 - - - -
MCV 1.03(0.98-1.08) 0.198 - - - -
MCH 1.04 (0.92-1.17) 0.523 - - - -
MCHC 0.93(0.73-1.17) 0.538 - - - -
NLR 1.01 (0.99-1.03) 0.230 - - - -
MLR 1.16 (0.66 -2.03) 0.588 - - - -
PLR 1.207 (0.34 - 4.16) 0.766 - - - -
PAR 0.99 (0.99-1.000 0.771 - - - -
PNI
>384 1 - - - 1 -
<38.4 0.94 (0.899-0.997) 0.038 2.22(0.70-6.98) 0.170 - -
Albumin
>3g/dL 1 - - - 1 -
<3 g/dL 4.40(1.488-13.031) 0.007 - - 3.31(1.05-10.42) 0.040

Captions: CI = Confidence Interval; mGPS = Modified Glasgow Prognostic Score; SGA = Subjective global assessment; TLC = Total lymphocyte count; RDW =
Red blood cell distribution width; CRP = C-reactive protein; PNI = Prognosis nutritional index; MCV = Mean corpuscular volume; MCH = Mean corpuscular
hemoglobin; MCHC = Mean corpuscular hemoglobin concentration; NLR = Neutrophils to lymphocytes ratio; MLR = Monocytes to lymphocytes ratio; PLR =
Platelets to lymphocytes ratio; PAR = Platelets to albumin ratio; HR = Hazard ratio.

Revista Brasileira de Cancerologia 2021; 67(4): e-071209 7



Lima ENS, Ferreira IB, Silva NC, Prestes IV, Pena GG

The mGPS was described as an independent
prognostic factor in various types of cancer and was
validated in different countries, types of studies and of
tumours*. In this study, there was no association between
mGPS and in-hospital mortality (HR=1.99, 95% CI 0.96-
4.13). However, the differences in these results probably
occurred because most studies investigate a particular
type of cancer and its long-term survival, whereas in the
present investigation, the sample contains patients with
different cancer types and evaluated short-term mortality.

Recognising the relationship of albumin with both
nutritional and inflammatory status may be useful for
nutritional assessment and possible early intervention®”,
considering the clinical setting of each patient together
with other assessment methods in clinical practice®.
This necessity for intensive and early intervention may
highlight albumin as a marker of improvement in
nutritional status allowing better recovery and a potential
increase in survival.

The measurement of albumin serum levels is simple,
low-cost, easily accessible and reproducible, and it is
routinely performed in the hospital. However, the
disadvantages are related to a number of factors that
can affect these levels, such as liver insufficiency,
kidney disease, hydration status and metabolic
stress®?24¢,

Some limitations can be found in this study, among
them, the retrospective design, which may be subject to
some degree of sample loss if the information was
unavailable. However, the existing assessment data of
the nutritional status of all the patients with cancer
hospitalized in the period have been adequately collected.
Furthermore, the patients had different types of cancer and
stages and tumour-node-metastasis (TNM) classifications
of malignant tumours, in addition to other hospital
comorbidities that were unable to be evaluated. Finally,
it is recognised that albumin is influenced by other
factors, such as hydration status and hepatic and kidney
insufficiency. For the states of inflammation, infection and
change in nutritional status, the biases were minimized
since all possible exposure factors have been tested.

CONCLUSION

Albumin <3 g/dL was associated with an increase of
in-hospital mortality in patients with cancer, independent
of nutritional, inflammatory, and immunological status.
Besides being commonly used in routine, this laboratory
measure is simple and easy to use compared with
score systems. Therefore, it is a tool that can be used
to identify risks and during therapeutic planning. The
recommendation is to evaluate serum albumin levels as

Revista Brasileira de Cancerologia 2021; 67(4): e-071209

soon as possible during hospital stay, adding prognostic
information in patients with cancer.
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