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Abstract
Context. Inflammatory biomarkers have prognostic value in cancer patients, but the feasibility of their use with terminal can-

cer patients and the related cutoff points are poorly explored.
Objectives. To describe the percentiles values of inflammatory biomarkers; to identify their cutoff points in relation to death;

and to determine the prognostic value of C-reactive protein (CRP), leukocytes, neutrophils, neutrophil/lymphocyte ratio
(NLR), CRP/albumin ratio (CAR), and modified Glasgow Prognostic Score for death within 90 days, in terminal cancer patients
receiving palliative care.

Methods. Prospective cohort study that included patients who received palliative care at the Palliative Care Unit of the
National Cancer Institute (Brazil) between October 2019 and March 2020. Receiver operating characteristic curves were used
to identify the optimal cutoff points of the inflammatory biomarkers for the prediction of death in 90 days. Kaplan-Meier curves
and Cox regression were used to verify the prognostic value of these cutoff points and concordance statistic (C-statistic) was
used to test their predictive accuracy.

Results. A total 205 patients (mean age: 62.5 years; female: 59%) were included in the study. The optimal cutoff points were
CRP ≥6.7mg/L, CAR ≥2.0, leukocytes ≥9300/mL, neutrophils ≥7426/mL and NLR ≥6.0. All biomarkers showed prognostic
value and good predictive accuracy when their cutoff points were used, especially CAR, which presented excellent discrimina-
tion power (C-statistic: 0.80).

Conclusion. The inflammatory biomarkers analyzed are independent predictive factors for death within 90 days in terminal
cancer patients. CAR appears to be the most useful parameter for predicting survival in these patients. J Pain Symptom Man-
age 2021;62:978−986. © 2021 American Academy of Hospice and Palliative Medicine. Published by Elsevier Inc. All rights reserved.
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Key Message
Few studies have described specific cutoff values of

inflammatory biomarkers for prognosis prediction in
terminal-stage cancer patients. In this study, optimal
cutoff points for predicting survival were determined
and all biomarkers showed prognostic value and good
predictive accuracy, especially CRP/albumin ratio,
which presented excellent discrimination power.
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Introduction
Determining prognosis in advanced cancer is of key

importance in establishing a care plan, helping opti-
mize treatment strategies and the efficient use of avail-
able resources.1 However, healthcare providers may
experience difficulty in identifying terminal cancer
patients with a short survival period.2 Although there
are different validated prognostic tools, several of them
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are based on subjective criteria, which can result in
inaccurate estimates, impacting their applicability. It
has therefore been suggested that more simple, objec-
tive prognostic factors that can be evaluated by the
entire multidisciplinary team should be established.3 In
this context, biomarkers have been recognized for
their prognostic potential and clinical utility.4

Several studies have demonstrated the prognostic
value of inflammatory biomarkers in patients with a
variety of advanced solid tumors.4,5,6 Indeed, there is
strong evidence that chronic systemic inflammatory
response is associated with more advanced stages of the
disease.7 Dolan et al. 5 showed that systemic inflamma-
tory response, as evidenced by a number of markers at
clinical thresholds, may have independent prognostic
value across tumor types. Of these markers, C-reactive
protein (CRP), albumin, leukocyte count, neutrophils,
lymphocytes, and the indexes derived from these bio-
markers, such as the modified Glasgow Prognostic
Score (mGPS), CRP/albumin ratio (CAR), and neutro-
phil/lymphocyte ratio (NLR), have been consistently
studied worldwide. However, there is considerable vari-
ation in the thresholds established for the inflamma-
tory biomarkers between studies.5,8,9

Although inflammatory biomarkers have a recog-
nized role in predicting survival in the context of
advanced cancer, whether this association applies to
terminal cancer patients with more than 30 days’ sur-
vival is unclear. In addition, few studies have described
specific cutoff values for prognosis prediction in termi-
nal-stage cancer patients. Accordingly, the objectives of
the present study were: 1) to describe percentiles values
of inflammatory biomarkers; 2) to identify their cutoff
points related to death; and 3) to determine the prog-
nostic value of CRP, leukocytes, neutrophils, NLR, CAR
and mGPS for death within 90 days, in terminal cancer
patients receiving palliative care.
Methods

Study Design and Participants
This prospective study included data from consecu-

tive patients who received palliative care at the National
Cancer Institute Jos�e Alencar Gomes da Silva (INCA),
in Rio de Janeiro, Brazil, between October 2019 and
March 2020. The focus of care in the Palliative Care
Unit (PCU) is symptom-oriented. It commences when
anti-tumor and/or curative treatment is discontinued
because of lack of effect or severe side-effects or lack of
clinical conditions to continue with specific treatment,
in patients whose life expectancy is a few months or
less. Therefore, no patient was being actively treated
with chemotherapy.

The inclusion criteria were: 1) histologically or clini-
cally confirmed locally advanced malignancy or distant
metastasis; 2) not receiving any antineoplastic treat-
ment with curative intent; 3) age ≥20 years; 4) Karnof-
sky Performance Status (KPS) ≥30% at the time of
recruitment. The study was approved by the ethics
review board of the INCA Ethics Committee (Protocol
3.550.658 of 2019) and written informed consent was
obtained from patients or their relatives or caregivers.

Including inpatient and outpatient, 295 patients
were admitted to the PCU during the study period. A
total of 90 patients were excluded, either because they
did not meet the eligibility criteria (n = 84) or because
they declined the invitation to participate in the study
(n = 6). As such, 205 terminal cancer patients were
finally included in the present study (Supplementary
Figure 1).
Biomarkers Assessments
Non-fasting blood samples were obtained by the

PCU team from the outpatients on their day of inclu-
sion in the study and from the inpatients within
48 hours of admission to the unit. For each patient lab-
oratory measures including CRP, serum albumin, and
complete blood count were obtained. The laboratory
results were collected from the patients’ electronic
records. NLR was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count.10

Similarly, CAR was calculated by dividing the absolute
CRP concentration (mg/L) by the serum albumin
value (g/dL).11 The mGPS was classified as two when
albumin <3.5g/dL and CRP >10mg/L; as 1 when albu-
min ≥3.5g/dL and CRP >10mg/L; and as 0 when CRP
≤10mg/L.12 The CAR, mGPS, NLR values were calcu-
lated using the same blood samples. Due to missing
data on CRP and albumin, the sample value was differ-
ent from the total sample for the variables CRP
(n = 142), CAR (n = 123) and mGPS (n = 142). In addi-
tion, due to the low prevalence of mGPS 1, we gathered
the data for mGPS 1 and 2.
Covariates Assessment
The demographic data (age, gender) and clinical

data (primary tumor site, distant metastasis, comorbid-
ities) were collected from the electronic records. KPS
score (ranging from 0% [death] to 100% [full func-
tion]) was assigned by trained researchers according to
patient-reported daily physical function.13
Survival
Overall survival (OS) was defined as the time in days

from the date the patient was included in the study
(first visit to the PCU) until to the date of death, which
was obtained from electronic records. All patients who
were alive after the end of follow-up (90 days) were cen-
sored for survival analysis.
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Statistical Analysis
Statistical analysis was performed using Stata 13.1

(Stata Corp., College Station, Texas, USA). Statistical
significance was set at P < 0.05.

The Kolmogorov-Smirnov test was used to assess the
distribution of variables. Numerical variables were
described as mean § standard deviation (SD) or
median with interquartile range (IQR, 25th and 75th
percentiles), according to distribution and normality.
Categorical variables were described as absolute fre-
quency (n) and relative frequency (%). Proportions
were compared using the Chi-squared test, means were
compared using Student’s t-test, and medians were
compared using the corresponding non-parametric
test, the Mann-Whitney U test.

Biomarker values were expressed as percentiles (1st,
5th, 10th, 15th, 25th, 50th, 75th, 85th, 90th, 95th, and 99th)
and their medians were compared in relation to the
occurrence of death in 90 days. After that, the bio-
markers with P < 0.05, namely CRP, leukocytes, neutro-
phils, CAR, and NLR were selected to determine their
predictive cutoff points. Receiver-operating characteris-
tic curves (ROC) were constructed to determine the
optimal cutoff points related to death within 90 days.
Cutoff points with higher sensitivity and specificity val-
ues were selected, prioritizing a higher degree of speci-
ficity (individuals with a better prognosis), because
when false-positive results can lead to patients not
being given potentially beneficial treatment, tests with
higher specificity are required.14

Kaplan-Meier curves were used to evaluate proba-
bility of OS and the log-rank test was used to com-
pare survival curves according to each inflammatory
biomarker using the cutoff point found. Additionally,
the Cox proportional hazard model was used to
assess the predictive ability of cutoff points. The step-
wise selection method was used, in which variables
with P < 0.05 in the univariate regressions were
included in the final models. Six multiple models
were made, one for each biomarker, adjusted by age,
primary tumor site, KPS, and current health care set-
ting (inpatient vs. outpatient).

The concordance statistic (C-statistic) was used to
assess the discriminatory power of the cutoff points to
predict OS. A C-statistic of 0.50 indicates that the model
predicts the outcome as well as chance (i.e., equal num-
bers of true and false positives); 0.70 to <0.80 indicates
good discrimination; 0.80 to <0.90 indicates excellent
discrimination; 0.90 to <1.00 is outstanding discrimina-
tion; and 1.00 is perfect prediction.15

To verify our sampling power, we calculated a
post hoc test using the online tool: https://clincalc.
com/Stats/Power.aspx; and considered dichotomous
results for two independent groups, with an alpha
error of 0.05. It was found a sample power of 92.9%,
98.5%, 99.2%, 97.2%, 91.3% and 77.7% for CRP, leu-
kocytes, neutrophils, CAR, NLR, and mGPS, respec-
tively.
Results
Two hundred and five patients were included in the

study. The mean age was 62.5 (§ 0.9) years, with a pre-
dominance of females (59.0%). The most prevalent
primary tumor site were gynecological (18.5%) and
head and neck (17.1%). Patients who died within
90 days had significantly higher prevalence of KPS
≤40% (P = 0.001) and mGPS 1 and 2 (P = 0.004)
(Table 1). In addition, the data showed that patients
who died within 90 days presented significantly higher
median values of CRP (P < 0.001), CAR (P < 0.001),
leukocytes (P < 0.001), neutrophils (P < 0.001), and
NLR (P = 0.002) than the patients who survived more
than 90 days (Table 2).

According to the ROC analysis, the optimal cutoff
points for OS were CRP ≥6.7mg/L, leukocytes ≥9300/
mL, neutrophils ≥7426/mL, CAR ≥2.0, and NLR ≥6.0
(Table 3). It was observed that high CAR was the
inflammatory biomarker with the best discriminatory
ability to predict 90-day mortality [AUC: 0.74 (95% con-
fidence interval: 0.65−0.83)] (Fig. 1).

The median OS for all patients was 33 (IQR: 11−73)
days. The Kaplan-Meier curves showed that the proba-
bility of OS was four times shorter when CAR (P <
0.001) and neutrophils (P < 0.001) were above the cut-
off points; almost four times shorter when CRP (P <
0.001) and leukocytes (P < 0.001) were above the cut-
off points; and three times shorter when NLR (P =
0.010) was above the cutoff point. In addition, the sur-
vival rate of patients with mGPS 1 and 2 was almost
four times shorter than that of patients with mGPS 0 (P
< 0.001) (Fig. 2).

Cox proportional hazard model demonstrated a sig-
nificantly increased risk of 90-day mortality when the
biomarker value was above the cutoff points identified,
regardless of the inflammatory biomarker. For exam-
ple, the patients with a high CAR had a 2.42-fold higher
risk of death than those with a low CAR. Moreover, it
was observed that patients with CAR ≥2.0 had a higher
risk of mortality when compared to the other bio-
markers, and that this biomarker also had excellent
predictive accuracy according to the C-statistic (0.80)
(Table 4).
Discussion
In this study, we described the values of biomarkers

as percentiles, identified their cutoff points related to
death, and evaluated their clinical applicability for pre-
dicting OS in patients with terminal cancer in palliative
care. Our results showed that inflammatory biomarkers

https://clincalc.com/Stats/Power.aspx
https://clincalc.com/Stats/Power.aspx


Table 1
Demographic and Clinical Characteristics of Terminal Cancer Patients Receiving Palliative Care (n = 205)

Death Within 90 days

Variables Total Yes(n = 135; 65.9%) No(n = 70; 34.1%) P value

Age (years)a 62.5 (§0.9) 62.4 (§1.1) 62.8 (§1.6) 0.829
Genderb

Male 84 (41%) 58 (69.1%) 26 (30.9%) 0.422
Female 121 (59%) 77 (63.6%) 44 (36.4%)

Primary tumor siteb

Gynecological 38 (18.5%) 24 (63.2%) 14 (36.8%) 0.068
Head and neckc 35 (17.1%) 19 (54.3%) 16 (45.7%)
Breast 31 (15.1%) 19 (61.3%) 12 (38.7%)
Gastrointestinal tract 28 (13.7%) 25 (89.3%) 3 (10.7%)
Lung 22 (10.7%) 17 (77.3%) 5 (22.7%)
Skin, bones and soft tissues 17 (8.3%) 12 (70.6%) 5 (29.4%)
Othersd 34 (16.6%) 19 (54.3%) 15 (45.7%)

Distant metastasisb

No 40 (19.5%) 28 (70.0%) 12 (30.0%) 0.506
Yes 165 (80.5%) 107 (64.8%) 58 (35.2%)

SAHb

No 124 (60.5%) 81 (65.3%) 43 (34.7%) 0.843
Yes 81 (39.5%) 54 (66.7%) 27 (33.3%)

DMb

No 173 (84.4%) 113 (65.3%) 60 (34.7%) 0.707
Yes 32 (15.6%) 22 (68.7%) 10 (31.3%)

KPS ≤40%b

No 106 (51.7%) 59 (55.7%) 47 (44.3%) 0.001
Yes 99 (48.3%) 76 (76.8%) 23 (23.2%)

mGPSb,e

0 90 (63.4%) 49 (54.4%) 41 (45.6%) 0.004
1 and 2 52 (36.6%) 41 (78.9%) 11 (21.1%)

Current health care settingb

Inpatient 82 (40.0%) 70 (85.4%) 12 (14.6%) <0.001
Outpatient 123 (60.0%) 65 (52.8%) 58 (47.2%)

Note: n = number of observations; SAH = systemic arterial hypertension; DM = diabetes mellitus; KPS = Karnofsky Performance Status; mGPS = modified Glasgow
Prognostic Score.
aMean (standard deviation)/Student's t test;
bNumber of observations (frequency)/chi-square test for proportions;
cOral and nasal cavity, pharynx, larynx, salivary glands, paranasal sinuses, eyes, and thyroid;
dLeukemia, lymphoma, myeloma, central nervous system, kidney and urinary tract, male genital organs, peritoneum, mediastinum, and unrecognized
site + Leukemia, lymphoma, myeloma;
eVariable with missing data.

Table 2
Percentiles and Medians values of Inflammatory Biomarkers Related to Death within 90 Days in Terminal Cancer Patients

Receiving Palliative Care.
Total Death

Yes No
Variables n P1st P5th P10th P25th P50th P75th P90th P95th P99th Median P valuea

CRP (mg/L)b 142 0.05 0.17 0.90 3.05 7.10 14.55 28.49 32.10 40.26 8.47 4.66 <0.001
CARb 123 0 0 0.20 0.80 2.00 5.40 9.90 13.10 16.80 2.55 1.10 <0.001
Leukocytes (/mL) 205 3200 4400 4800 6700 9300 13200 17300 22000 47100 10400 7300 <0.001
Neutrophils (/mL) 205 1644 2590 3231 4810 7426 10819 14754 19844 25816 8262 5606 <0.001
Lymphocytes (/mL) 205 0 277 493 821 1069 1588 2184 2419 3478 1028 1132 0.148
NLR 205 0.70 1.70 2.46 3.84 6.23 10.52 18.13 23.94 68.13 7.15 5.37 0.002

Note: n = number of observations; P = percentile; CRP = C-reactive protein; CAR = CRP/albumin ratio; NLR = neutrophil/lymphocyte ratio.
aMann-Whitney U test;
bVariable with missing data.
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were a simple and useful tool for prognostic prediction
in terminal cancer patients within 90 days of follow-up,
particularly CAR, which presented a better perfor-
mance than the other biomarkers.

The percentile distribution of biomarkers reflected
the increase in inflammation in the terminal phase of
oncological diseases.7 Additionally, the median CRP,
CAR, leukocyte, neutrophil, and NLR values were sig-
nificantly higher in the patients who died within
90 days. Only lymphocyte count did not show a statisti-
cally significant difference, but a plausible trend was
observed, in which lower median value was found in
patients who died. Data from a cohort of patients with
cancer in palliative care described median values of



Table 3
Accuracy Measures of the Best Cutoff Points According to ROC Curves for Biomarkers Related to Death Within 90 Days in Ter-

minal Cancer Patients Receiving Palliative Care
CRP ≥6.7mg/L
(n = 77; 54.2%a)

CAR ≥2.0
(n = 62; 50.4%a)

Leukocytes ≥9300/mL
(n = 103; 50.2%a)

Neutrophils ≥7426/mL
(n = 103; 50.2%a)

NLR ≥6.0(n = 106;
51.7%a)

Sensitivity 65.6% 61.8% 60.7% 60.0% 62.3%
Specificity 65.4% 72.3% 70.0% 68.6% 64.3%
LR+ 1.89 2.23 2.02 1.91 1.74
LR- 0.53 0.53 0.56 0.58 0.59

Note: n = number of observations; CRP = C-reactive protein; CAR = CRP/albumin ratio; NLR = neutrophil/lymphocyte ratio; LR = likehood ratio; ROC = Receiver-
operating characteristic.
aPercentage in relation to the total biomarker sample.
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CRP 44mg/L and leukocytes 9600/mL in the last
31−60 days of life.6 Nakamura et al.16 found that
median NLR values in terminal cancer patients were
3.83 at three months before death, while in another ret-
rospective study of advanced cancer patients in
Fig. 1. ROC curves of the best cutoff point for serum concentra
ratio, c) leukocytes, d) neutrophils and e) neutrophil/lymphoc
patients receiving palliative care.

Note: AUC = area under the curve; CI = confidence inter
NRL = neutrophil/lymphocyte ratio; ROC = Receiver-operating ch
palliative care who died within 360 days, median CAR
was 1.80.17

Regarding the cutoff points established in our study,
a similar neutrophil cutoff, of >8000/mL, was found in
a retrospective cohort of patients with advanced cancer
in palliative care in China.18 Zhang et al. 17 suggested
tions of a) C-reactive protein, b) C-reactive protein/albumin
yte ratio related to death within 90 days in terminal cancer

val; CRP = C-reactive protein; CAR = CRP/albumin ratio;
aracteristic.



Fig. 2. Survival curves stratified by a) C-reactive protein, b) C-reactive protein/albumin ratio, c) leukocytes, d) neutrophils, e)
neutrophil/lymphocyte ratio and f) modified Glasgow Prognostic Score of terminal cancer patients receiving palliative care.

Note: IQR = interquartile range; CRP = C-reactive protein; CAR = CRP/albumin ratio; NRL = neutrophil/lymphocyte ratio;
mGPS = modified Glasgow Prognostic Score. *P-value refers to the log-rank test.
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an optimal CAR cutoff point of 1.31 for palliative can-
cer patients. In another retrospective cohort study with
advanced non-small cell lung cancer, the CAR and
NLR cutoff points were 0.2 and 2.1, respectively.8

Nakamura et al. 16 found 9.21 to be the best NLR cutoff
for estimating life expectancy of less than four weeks.
These findings are consistent with the literature, in
which a variety of different inflammatory biomarker
cutoff points have been presented. Also, in our study
population, the median concentrations of some
Table
Cox Proportional Hazard Model According to Biomarkers Cutoff

Univariate CRP
Multivariate

CAR
Multivariate

L
M

Variables n HR (95% CI) HR (95% CI) HR (95% CI) H

CRP ≥6.7mg/L 107 2.42 (155-3.77)a 1.94 (1.21-3.10)a - -
CAR ≥2.0 107 3.20 (1.96-5.23)a - 2.42 (1.45-4.05)a -
Leukocytes ≥9300/mL 158 2.23 (1.57-3.18)a - - 2
Neutrophils ≥7426/mL 158 2.28 (1.60-3.24)a - - -
NLR ≥6.0 158 1.59 (1.11-2.28)a - - -
mGPS 1 and 2 107 2.14 (1.39-3.28)a - - -
Adjusting factors
Age (years) 158 1.13 (1.02-1.81)a 1.03 (1.02-1.07)a 1.01 (1.01-1.06)a 1
Primary tumor site
(gastrointestinal
tract)

158 2.18 (1.23-3.87)a 1.94 (1.85-3.05)a 1.84 (1.73-2.12)a 1

Cancer stage (distant
metastasis)

158 1.37 (1.11-1.60)a 1.23 (1.05-2.04)a 1.31 (1.11-2.47)a 1

KPS (≤40%) 158 2.05 (1.45-2.90)a 1.24 (1.11-1.89)a 1.18 (1.03-1.94)a 1
Current health care
setting (inpatient)

158 2.89 (2.04-4.09)a 1.68 (1.47-1.98)a 1.46 (1.20-1.78)a 1

Note: n = number of observations; HR = hazard ratio; CI = confidence interval; KPS = Karnofsky P
lymphocyte ratio; mGPS = modified Glasgow Prognostic Score.
aP value < 0.05
biomarkers were higher than those found in other
advanced cancer patients. This could be explained a
reflection of the intrinsic variability among popula-
tions, which is also related to systemic and individual
responses to tumors, as well as previous treatments.

In this study, we show that a simpler prognostic
model based on the predictive capacity of inflamma-
tory biomarkers could perform similarly well to more
complex models that contain a large number of varia-
bles. Mei et al. 19 developed a prognostic model
4
points in Terminal Cancer Patients Receiving Palliative Care
eukocytes
ultivariate

Neutrophils
Multivariate

NLR
Multivariate

mGPS
Multivariate

R (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) C-statistic

- - - 0.76
- - - 0.80

.19 (1.53-3.15)a - - - 0.75
2.23 (1.55-3.20)a - - 0.74
- 1.64 (1.14-2.38)a - 0.73
- - 1.64 (1.05-2.56)a 0.74

.05 (1.01-1.09)a 1.11 (1.04-1.14)a 1.05 (1.01-1.07)a 1.01 (1.01-1.04)a -

.90 (1.62-2.74)a 1.92 (1.77-2.64)a 1.71 (1.63-2.11)a 1.54 (1.24-2.08)a -

.17 (1.02-2.11)a 1.54 (1.33-2.21)a 1.41 (1.09-1.99)a 1.23 (1.10-2.07)a -

.22 (1.09-1.77)a 1.17 (1.10-1.90)a 1.31 (1.14-1.92)a 1.25 (1.08-1.98)a -

.23 (1.07-1.70)a 1.81 (1.21-1.99)a 1.28 (1.17-1.68)a 1.60 (1.39-1.82)a -

erformance Status; CRP = C-reactive protein; CAR = CRP/albumin ratio; NLR = neutrophil/
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including the Palliative Performance Scale and found
an AUC value of 0.70 to predict 90-day survival in a pro-
spective cohort of patients with advanced cancer in a
palliative care unit. A retrospective study in a home pal-
liative care setting in China described AUC of 0.67 for
Palliative Prognostic Index (PPI), 0.67 for Performance
Status-Based PPI and 0.70 for the Chinese Prognosis
Scale for prediction of 90-day survival.20 A prospective
cohort study in Italy evaluated the accuracy of the Palli-
ative Prognostic Score, Objective Prognostic Score, and
PPI in predicting 30-day OS in patients with terminal
cancer, finding AUC of 0.82, 0.70, and 0.72,
respectively.21

We demonstrated that patients with biomarkers
above the cutoff points and with mGPS 1 and 2 had sig-
nificantly shorter OS than the others, showing the rela-
tionship between exacerbated systemic inflammation
and the approach of death.22 A previous study con-
ducted at the same PCU showed a lower probability of
90-day OS among patients with mGPS ≥1.23 Another
study developed with advanced cancer patients in Aus-
tralia observed that patients with NLR ≥5 and with
mGPS 2 had a significantly shorter median OS than the
others,24 corroborating our results. In the cohort study
conducted by Zhang et al.,17 the median OS of patients
with CAR ≥1.31 was significantly worse than in those
with lower CAR values.

All the inflammatory biomarkers evaluated were sig-
nificantly associated with a higher risk of death,
being considered independent prognostic factors.
Kim et al. 25 investigated prognostic factors in terminal
cancer patients in South Korea and pointed to the fact
that NLR ≥5 and CRP ≥10mg/L were independent
prognostic factors. Others studies likewise show that
neutrophils,18 leukocytes,26 CAR,8,9,17 and mGPS 23,26

can predict death.
Our findings indicate a better prognostic perfor-

mance for CAR than the other biomarkers studied. Pre-
vious studies corroborate these findings.8,27,28,29 Ni
et al. 8 found CAR to be positively correlated with Glas-
gow Prognostic Score, mGPS, NLR, platelet/lympho-
cyte ratio, and monocyte/lymphocyte ratio, and an
independent predictive prognostic factor. Some biolog-
ical mechanisms may explain the association between
high levels of CAR with reduced survival in patients
with terminal cancer. Inflammation is a critical compo-
nent of tumor progression, influencing the tumor
microenvironment in a way that favors proliferation,
survival and migration in the neoplastic process.30 The
synthesis of CRP, by the liver, is induced by pro-inflam-
matory cytokines such as interleukin-1, interleukin-6,
and tumor necrosis factor-a,31 which promote a sys-
temic inflammatory response.5 In turn, this systemic
inflammatory response contributes to muscle catabo-
lism, hypoalbuminemia, and the subsequent death of
patients with terminal cancer.22 In a study with acute
myeloid leukemia patients, Gradel et al. 32 observed
that albumin is an inflammatory biomarker due to its
inverse correlation with CRP levels and its rapid
changes over a few days, unrelated to changes in nutri-
tional status or chronic diseases.

The mGPS is a widely accepted index for character-
izing systemic inflammation and is known to be of reli-
able prognostic value in patients with advanced
cancer.5 However, although high CRP and low albumin
are part of the score, CAR could be a better prognostic
factor for generating a continuous value based on CRP
and albumin levels, effectively reflecting a deteriora-
tion of the inflammatory state as the disease progresses,
making it a potentially promising parameter for use in
clinical practice.

We must highlight the practical utility of inflamma-
tory biomarkers, which are subjectivity-free tools, easy
to perform and which can be included in the routine
of laboratory tests at health units. In addition, they are
accessible to any health professional and their evalua-
tion does not show interobserver variability. These
characteristics favor the prognostic evaluation because
it depends less on subjective evaluations by clinicians
and are easier to interpret by all members of the multi-
disciplinary team.

Limitations
This study was carried out at a single center, had a

limited number of patients with CRP and CAR data,
did not evaluate the variations of the biomarkers longi-
tudinally and did not exclude patients with acute infec-
tion. In addition, it analyzed patients with various types
of cancer and it is not known whether the significance
of the biomarkers for predicting life expectancy is con-
sistent across cancer types. Multicenter studies could
confirm the predictive value of the inflammatory bio-
markers evaluated and further studies are required to
validate the cutoff points of these biomarkers.
Conclusion
Inflammatory biomarkers were found to be feasible

factors for estimating the prognosis of terminal cancer
patients receiving palliative care. Of the biomarkers
studied, CRP, leukocytes, neutrophils, CAR, NLR, and
mGPS showed good discrimination for predicting OS,
with CAR presenting the best results. CAR could be
particularly useful in the clinical evaluation of terminal
cancer, as it could be used by clinicians and even
healthcare providers who do not specialize in palliative
care.
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