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Inflammatory biomarkers in prognostic analysis for patients
with glioma and the establishment of a nomogram
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Abstract. Being biomarkers that reflect host nutritional
and immune status, prognostic nutritional index (PNI) and
neutrophil/lymphocyte ratio (NLR) have been identified to
be independent prognostic factors in various malignancies.
The aim of the present study was to determine the predictive
value of these parameters for the prognosis of patients with
glioma. Hematological and clinicopathological data were
retrospectively analyzed from 128 patients with glioma who
underwent brain tumor resection between January 2008 and
December 2012. Receiver operating characteristic (ROC)
analysis was used to determine the optimal cut-offs for PNI
and NLR. Kaplan-Meier survival analysis, and univariate
and multivariate analyses based on Cox proportional hazards
regression model were used to determine whether NLR and
PNI were associated with the prognosis of patients with
glioma. R software was used to develop nomograms with all
the independent prognostic factors included. Kaplan-Meier
analysis followed by log-rank tests indicated that NLR =2.8
and PNI <45 were significantly associated with decreased
overall survival time. The subsequent multivariate analysis
indicated that age =50 years [hazard ratio (HR), 2.328; 95%
confidence interval (CI), 1.386-3.908; P<0.001], high-grade
glioma (HR, 3.088; 95% CI, 1.893-5.037; P<0.001), gross
total resection (HR, 0.606; 95% CI, 0.380-0.965; P=0.035)
and NLR =2.8 (HR, 2.037; 95% CI, 1.264-3.281; P=0.003)
were independent prognostic factors. The results of the
present study indicated that high NLR was an independent
risk factor for overall survival rates in patients with glioma,
which indicated its value in improving the current prognostic
model.
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Introduction

Glioma is the most common primary intracranial tumors,
representing 81% of malignant brain tumors (1). Despite certain
conclusive prognostic factors (e.g. extent of tumor resection,
age at diagnosis and Karnofsky performance status) for glioma
having been identified (2,3), prognosis remains unsatisfactory,
which indicates the involvement of other factors. Therefore, a
more accurate prognostic indicator for patients with glioma is
required.

Of note, emerging evidence has indicated that the systemic
inflammation response is a key determinant of progression in
cancer (4), which presents with alterations in circulating blood
indicators (5). To date, several peripheral blood inflamma-
tion-based scores such as the neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR) have been validated as prog-
nostic markers in various types of tumor (6-10). Furthermore,
as a corrected parameter that reflects the host nutritional and
immune condition, the prognostic nutritional index (PNI)
has been identified to be associated with the progression of
malignant tumors (11,12). Generally, these combined scores are
derived from established measures of full blood count, namely
albumin, neutrophil, platelet and lymphocyte counts, reflecting
a comprehensive individual state in aspects of systemic inflam-
mation, nutritional and immune status.

However, the function of these blood-derived biomarkers
in the prognosis of glioma is less well-investigated. As
these parameters can be determined routinely in day-to-day
clinical practice, it indicates promise for providing simpler
and cheaper objective biomarkers for glioma prognosis. The
aim of the present study was to identify the predictive value of
these prognostic factors (i.e. NLR, PLR and PNI) in patients
with glioma. To the best of our knowledge, for the first time,
a predictive nomogram for prognosis in patients with glioma
based on these biomarkers and the clinicopathological charac-
teristics has been established.

Materials and methods

Ethics. The present study is a sequential study, with the
patient information used acquired from a study previously
published (13), which was approved by the Ethics Committee
of The First Affiliated Hospital of Xi'an Jiaotong University
(Xi'an, China; no. 2016-18). Written informed consent was
obtained from all individual participants.
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Study population. The medical records of patients with newly
diagnosed glioma who underwent brain tumor resection at
The First Affiliated Hospital of Xi'an Jiaotong University
between January 2008 and to December 2012 were retro-
spectively reviewed. Patients were included on the basis of
eligibility criteria, which were: i) Diagnosis was confirmed by
post-operative pathological examination; ii) full pre-operative
laboratory data were available (i.e. serum albumin level,
neutrophil, platelet and lymphocyte counts); and iii) no hema-
tological system disorders, impaired liver function or primary
tumor at other sites.

Data collection. Demographic information of patients, such
as age at diagnosis, sex and clinical characteristics, including
histopathological diagnosis of tumor [based on 2007 World
Health Organization (WHO) brain tumor classification] (14),
tumor location, extent of surgical resection (total gross
resection or incomplete resection) were collected from the
medical records. Tumor characteristics was assessed using
pre-operative magnetic resonance imaging images. The extent
of surgical resection was determined by the neurosurgeon
during surgery.

Overall survival (OS) time was defined as the interval
between the time of surgery and mortality. Patients were
censored at the end of follow-up, if mortality had not occurred.
The last follow-up was performed in October 2016.

NLR was calculated as neutrophil count (10° cells/I)
divided by lymphocyte count (10° cells/l); PLR was calculated
as platelet count (10° cells/l) divided by lymphocyte count
(10? cells/1); and PNT was calculated as albumin level (g/1) +
5x total lymphocyte count (10° cells/l) (15).

Statistical analyses. The optimal cut-off values for NLR
and PNI were determined by plotting receiver operating
characteristic (ROC) curves for OS prediction. Continuous
variables are presented as the mean + standard deviation or
median (range) on the basis of whether they fitted normal
distribution or not (determined using a Kolmogorov-Smirnov
test; P<0.05). Categorical data are presented as percentages.
Survival analyses on categorical variables were performed
using the Kaplan-Meier method and significant differences
between groups were identified using the log-rank test. The
associations of prognostic indicators with other categorized
clinicopathological parameters were determined using the
> and unpaired t-test according to the type of variable. The
Cox proportional hazards regression model was applied to
perform univariate and multivariate analyses, and those
variables that were identified to be statistically significant in
the univariate analysis were analyzed further by multivariate
analysis.

The rms package in R software was used to develop nomo-
grams that predicted the probability of survival at 1, 3 and
5 years, taking into account all the possible prognostic factors.
Harrell's concordance index (C-index) was used to evaluate the
accuracy of predictions. The value ranged from 0.5 (agreement
by chance) to 1 (perfect prediction) (16).

All statistical analyses were performed using SPSS
(version 20.0; IBM Corp., Armonk, NY, USA) and R software
(version 3.3.1; Institute for Statistics and Mathematics, Vienna,
Austria). All statistical tests used in the present study were
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two-sided. P<0.05 was considered to indicate a statistically
significant difference.

Results

Baseline demographic and clinical measures. Following a
thorough review of the medical records, a total of 128 patients
(71 men and 57 women) were included in the present study.
The median OS time was 19 months (range, 1-81 months). At
the last follow-up, 79/128 patients had succumbed to various
causes. The baseline demographic and clinical characteristics
are presented in Table I.

Among all the patients, 67 cases were diagnosed as
low-grade glioma (WHO G1 and G2) and 61 cases were diag-
nosed as high-grade glioma (WHO G3 and G4). The majority
of the lesions were at one side of the cerebral hemisphere, with
55 (43.0%) on the left and 60 (46.9%) on the right. In addition,
63 (49.2%) lesions were located in the frontal lobe, 34 (26.6%)
were in the temporal lobe, 13 (10.2%) were in the occipital
or parietal lobes, and the remainder of the lesions (18, 14.1%)
were at the lateral ventricle or callosum.

Regarding treatment details, 77 (60.2%) underwent a
microsurgical total gross resection of the tumor, whereas 51
(39.8%) had subtotal resection due to the inaccessible areas
or eloquent brain regions in which the tumor was located. No
patient in our cohort had palliative decompression surgery or
tumor biopsy.

Associations of NLR and PNI with clinicopathological
variables. As presented in Table I, the associations of NLR
and PNI with clinicopathological variables were evaluated. In
this cohort, it was identified that high NLR was significantly
associated with advanced tumor grade (P<0.001). With regard
to PNI, significant associations were identified with the extent
of resection, age, the level of albumin and the level of platelet.
Furthermore, it was identified that the level of PNI was nega-
tively associated with NLR (r=-0.203; P<0.05).

Effect of NLR and PNI on OS time. Using the OS rate as
the endpoint, ROC curves for NLR and PNI were plotted
(Fig. 1A and B).

For NLR [area under the curve (AUC), 0.639; 95% confi-
dence interval (CI), 0.542-0.733; P=0.009], a cut-off of 2.8 led
to the maximal Youden value in ROC curve analysis. Patients
were subsequently categorized into two groups according to
this cut-off value, with the high NLR group at =2.8 and the
low NLR group at <2.8. Kaplan-Meier survival analysis and
log-rank tests indicated a significant difference in the median
OS time between the high NLR group and low NLR group
(22.78+3.61 vs. 48.31+4.01 months; P<0.001), which indicated
a marked association between high NLR and decreased OS
time (Fig. 2A).

Accordingly, the prognostic effect of PNI was evalu-
ated. Using ROC curves analysis, the AUC for PNI was
0.618 (95% CI, 0.520-0.716; P=0.025). The optimal cut-off
value was further determined as 45.0. The median OS
time was 43.55+£3.44 months in the high PNI group and
13.33+2.73 months in the low PNI group (P<0.001), which
indicated that low PNI was significantly associated with
decreased OS time (Fig. 2B).
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Table I. Baseline characteristics of 128 patients with glioma and their associations with NLR and PNI.

All patients NLR <2.8 NLR =2.8 PNI <45 PNI =45
Variable (n=128) (n=72) (n=56) P-value (n=24) (n=104) P-value
Sex, n (%) 0.858 0.260
Female 57 (44.5) 33 (45.8) 24 (42.9) 8(33.3) 49 (47.1)
Male 71 (55.5) 39 (54.2) 32 (57.1) 16 (66.7) 55 (52.9%)
Histology, n (%) <0.001 0.266
LGG 67 (52.3) 48 (66.7) 19 (33.9) 10 (41.7) 57 (54.8)
HGG 61 (47.7) 24 (33.3) 37 (66.1) 14 (58.3) 47 (77.0)
Lateral, n (%) 0.759 0.587
Right 60 (46.9) 32 (44.4) 28 (50.0) 9(37.5) 51 (49.0)
Left 55 (43.0) 33 (45.8) 22 (39.3) 12 (50.0) 43 (41.3)
Bilateral 13 (10.2) 70.7) 6 (10.7) 3(12.5) 10 (9.6)
Tumor location, n (%) 0.773 0.268
Frontal lobe 63 (49.2) 38 (52.8) 25 (44.6) 10 (41.7) 53 (51.0)
Temporal lobe 34 (26.6) 18 (25.0) 16 (28.6) 10 (41.7) 24 (23.1)
Occipital/parietal lobe 13 (10.2) 6 (8.3) 7 (12.5) 1(4.2) 12 (11.5)
Other 18 (14.1) 10 (13.9) 8(14.3) 3(12.5) 15(14.4)
Extent of surgery, n (%) 0.857 0.005
Gross total 77 (60.2) 44 (61.1) 33 (58.9) 8 (33.3) 69 (66.3)
Subtotal 51 (39.8) 28 (38.9) 23 (41.1) 16 (66.7) 35(33.7)
Age, years 47.84+13.958 46.22+13.67 49.93+14.42 0.137 56.79+1043  45.78+x13.89  <0.001
Albumin (g/1) 41.1£3.7 41.13+3.53 41.1£3.9 0.966 37.3+3.2 41.99+3.2 <0.001
Platelets (x10°/1) 176.8+61.9  17529+514 178.82+73.76  0.750  148.13+47.97 183.46+63.07 0.011

P-values in italics are statistically significant. Age, albumin level and platelet count are presented as mean + standard deviation. NLR, neutro-
phil/lymphocyte ratio; PNI, prognostic nutritional index; LGG, low-grade glioma; HGG, high-grade glioma.

With regard to the remaining parameters, the cut-off values
were determined by respective median or relative diagnosis
criteria, as presented in Table II.

Additionally, Cox univariate analysis was used to further
investigate the predictive value of NLR, PLR, PNI and other
clinicopathological parameters. The results indicated that age,
histology, extent of resection, level of albumin, NLR and PNI
were significantly associated with OS. Furthermore, multivar-
iate analysis indicated that age =50 years [hazard ratio (HR),
2.328;95% CI, 1.386-3.908; P<0.001], high-grade glioma (HR,
3.088; 95% CI, 1.893-5.037; P<0.001), gross total resection
(HR, 0.606; 95% CI, 0.380-0.965; P=0.035) and NLR =2.8
(HR, 2.037; 95% CI, 1.264-3.281; P=0.003) were independent
prognostic factors for poor prognosis (Table II).

Predictive nomogram for prognosis in patients with glioma.
A nomogram to predict the survival of patients with glioma
following surgical resection is presented in Fig. 3A. With all
the independent prognostic indicators included, the nomogram
is able to provide an approximate prediction of the survival rate
at 1, 3 and 5 years for patients with glioma. In the nomogram,
all the indicators were scored as a number. For instance, if the
patient had a high-grade glioma, the patient was attributed with
10 points. The total points of the patient were corresponding to
a certain survival rate at 1,3 and 5 years, and a greater number
of points indicates a worse prognosis.

The nomogram exhibited a good accuracy for predicting
the survival rate of patients with glioma, with a c-index of
0.750. The value became 0.727 if NLR was not included in
the nomogram. The internal calibration plots of the nomogram
predicting 1-, 3- and 5-year survival revealed good agreement
with the ideal model (Fig. 3B-D).

Discussion

Currently, maximal safe resection and adjunctive chemo/radio-
therapy are considered to be the most effective treatment
modalities for glioma. Since patients who have undergone
the same treatment may have significant variation in their
prognosis, a more accurate prognostic model is required to
guide post-operative counseling and post-operative adjuvant
treatment.

Notably, evidence has indicated the relevance between
deteriorated nutritional and immunological condition with
progress of cancer (17). As biomarkers of systemic inflam-
mation, NLR and PLR have been identified as independent
prognostic factors in a wide range of malignancies (6-8). In
the present study, it was identified that NLR =2.8 was signifi-
cantly associated with decreased OS rates as an independent
risk factor, which is consistent with the results of previous
studies (18,19). There are several potential mechanisms for
how systemic inflammation is involved in tumor progression
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Figure 1. ROC curves analysis for optimal cut-offs for (A) NLR and (B) PNI. The optimal cut-offs for NLR and PNI are 2.8 and 45, respectively. ROC, receiver
operating characteristic; NLR, neutrophil/lymphocyte ratio; PNI, prognostic nutritional index.
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Figure 2. Overall Kaplan-Meier survival curves stratified by (A) NLR or (B) PNI. NLR, neutrophil/lymphocyte ratio; PNI, prognostic nutritional index.

and recurrence. One is that the inflammation response dete-
riorated the cellular immune response to malignancy by
depleting lymphocytes (20). Secondly, the relatively increased
neutrophil level was deemed to contain and promote the release
of inflammatory mediators and vascular endothelial growth
factor, leading to the promotion of angiogenesis, DNA damage
and genetic instability which have been widely accepted to be
associated with tumor proliferation and metastasis (21-23).
PNI, a corrected indicator for the nutritional and immuno-
logical condition of patients, was proposed a few decades ago.
In the early days, PNI was used to assess the risk of post-oper-
ative complications, particularly the surgery for gastrointestinal

malignancy (24). With the predictive value of PNI being vali-
dated in other tumors (25), it began to be accepted that this factor
was not determined by the digestive or liver function alone. A
previous study revealed that the inflammatory environment
alteration induced by cancer cells may be the reason for the
deterioration of the nutritional condition of patients (26). In the
present study, a significant difference in OS time between the
patients with high PNI and low PNI was identified. However,
the multivariate analysis indicated that the PNI was not an inde-
pendent prognostic factor. The reason for this may be that NLR
weakened the test power of PNI, as NLR is a relatively more
direct indicator for systemic inflammation compared with PNI.
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Table II. Univariate and multivariate analyses for overall survival time of patients with glioma.

Univariate Multivariate

Variable HR (95% CI) P-value HR (95% CI) P-value
Sex

Female 1.000

Male 0.910 (0.583-1.419) 0.676
Age, years

<50 1.000

>50 3.166 (1.973-5.081) <0.001 2.328 (1.386-3.908) 0.001
Tumor location

Frontal lobe 1.303 (0.629-2.698) 0476

Temporal lobe 1.942 (0.904-4.171) 0.089

Occipital/parietal lobe 1.245 (0.463-3.347) 0.664

Other 1.000
Lateral

Right 1.109 (0.519-2.372) 0.790

Left 0.853 (0.392-1.858) 0.689

Bilateral 1.000
Histology

LGG 1.000

HGG 3.675 (2.284-5.912) <0.001 3.088 (1.893-5.037) <0.001
Extent of resection

Gross total 0.557 (0.357-0.869) 0.010 0.606 (0.380-0.965) 0.035

Subtotal 1.000
Albumin, g/l

>35 1.000

<35 0.313 (0.124-0.787) 0014 0.675 (0.243-1.880) 0452
Platelets, x10%/1

<350 1.000

>350 3.279 (0.449-23.956) 0.242
NLR

<28 1.000

>2.8 2.525(1.611-3.957) <0.001 2.037 (1.264-3.281) 0.003
PLR

>100 1.000

<100 1.348 (0.850-2.138) 0.205
PNI

<45 1.000

>45 0.346 (0.210-0.569) <0.001 0.716 (0.400-1.280) 0.260

P-values in italics are statistically significant. HR, hazard ratio; CI, confidence interval; LGG, low-grade glioma; HGG, high-grade glioma;
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutritional index.

As a novel prediction method for prognosis, nomograms
have been widely used in oncology (27). In the present study,
age at diagnosis, tumor character, extent of resection and the
inflammatory condition of the patients were taken into account
when the predictive nomogram was established, providing an
improved prediction of the individual prognosis following
surgery in a more intuitive way and provided guidance for
clinicians to decide whether adjuvant treatment is required.

Additionally, to the best of our knowledge, the present study is
the first to use a nomogram to evaluate the prognostic value of
NLR for patients with glioma.

The present study has a number of limitations. First, the
sample size is relatively small and all the subjects included
were from a single institution. Secondly, owing to the retro-
spective nature of the study, information bias and selection
bias are essentially inevitable. Therefore, prospective studies
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involving a large sample size and thorough follow-up are
required to investigate further the association between inflam-
matory biomarkers and prognosis in patients with glioma.

In conclusion, the present study indicated that high NLR
was an independent risk factor for OS time in patients with
glioma, which indicated its value for improving the current
prognostic model.
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