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Background: Glioma patients with mutant isocitrate dehydrogenase have improved survival;

this could be in part due to the suppressive effect of mutant IDH on the level of chronic

inflammation. This study aimed to prospectively analyze the association of IDH1 mutation

status with preoperative levels of blood inflammatory markers: neutrophil–lymphocyte ratio

(NLR), platelet–lymphocyte ratio (PLR), C-reactive protein (CRP), and red cell distribution

width (RDW) in gliomas.

Patients and methods: Receiver operating characteristic curves for cutoff value determi-

nation, various bivariate tests, and survival analyses (Kaplan–Meier curves and Cox regres-

sion) were performed.

Results: Patients with mutant IDH1 had reduced levels of NLR (P<0.032) and CRP

(P<0.008). Moreover, these patients showed better median overall survival compared to

those without IDH1 mutation (P<0.000). In univariate analysis, IDH1 mutation status

(P<0.000), NLR (P<0.000), PLR (P<0.008), and CRP (P<0.001) were among the

factors associated with survival. By multivariate analysis, IDH1 mutation (P<0.044)

and NLR<2.65 (P<0.022) remained independent factors associated with better survival;

other independent variables were tumor grade (P<0.000) and location in noneloquent

area (P<0.015).

Conclusion: The obtained results show that IDH1 mutation is associated with lower levels

of chronic inflammation that could account for an improved prognosis in this group of

patients.
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Introduction
Glioma patients with mutations in isocitrate dehydrogenase (IDH-mt) have a higher

overall survival (OS) rate compared to those with IDH-wildtype (IDH-wt) tumors;

this was confirmed in a recent meta-analysis of 55 observational studies.1

Therefore, understanding the processes triggered by IDH mutations will help

identify factors that provide a better prognosis in glioma patients.

Wildtype IDH1 and 2 enzymes catalyze the conversion of isocitrate to α-ketoglutarate
(α-KG) in the cytoplasm and mitochondria, respectively. The most common

IDH mutation in gliomas is IDH1R132H.2,3 The mutated enzyme loses its ability to

produce α-KG; moreover, it acquires a neomorphic activity to catalyze the reduction of

α-KG to D-stereoisomer of 2-hydroxyglutarate (D-2-HG).4 The current understanding of

the downstream-regulated processes is presented in recent reviews.5,6
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The role of α-KG as a co-substrate for α-KG-dependent
prolyl-4-hydroxylases (PHDs) is particularly interesting in

the scope of our study. These enzymes act as negative reg-

ulators of the stability of hypoxia-inducible factor (HIF),

a key transcriptional factor that mediates the cellular

response to hypoxia.7 Activation of HIF in hypoxic tumor

microenvironment is a driving force of tumorigenesis.8 IDH1

mutation appears to influence the HIF stability in two oppo-

site ways.5 A reduction in α-KG levels in IDH1-mt cells may

lead to inhibition of PHD activity and thereby to HIF

stabilization.9,10 On the other hand, when D-HG accumulates

as a result of the IDH1-mt enzyme’s activity, it may function

as an agonist of α-KG for PHDs, promoting HIF degradation

and thus slowing the tumor growth.11

HIF-1α is involved in the activation of tumor-associated

inflammatory signaling.12 Hypoxic and necrotic areas of

a growing tumor produce more and more proinflammatory

mediators, thereby recruiting more immune cells. These

tumor-infiltrating immune cells acquire increasingly

tumor-promoting properties, resulting in tumor progression,

invasion, and angiogenesis.13 Thus, it was shown that the

extent of neutrophil infiltration was correlated with tumor

grade in glioma samples. Moreover, the circulating

neutrophil count was elevated above the normal range in

glioma patients.14,15 A recent review concluded that

elevated tumor-infiltrating neutrophils, elevated peripheral

blood neutrophils, and elevated neutrophil–lymphocyte

ratio (NLR) have been associated with poor survival in

the main human cancers.16 In addition, there is increasing

evidence that cancer-related chronic inflammatory

conditions trigger uncontrolled platelet activation which

consequently contributes to tumor growth, angiogenesis,

metastasis, and cancer-associated thrombosis.17

The IDH1 mutation-dependent mechanism of

downregulation of HIF expression5 suggests that the mutant

tumors have lower inflammation levels in comparison with

the IDH1-wt gliomas. Indeed, Amankulor et al18 showed that

IDH1-mt tumor-bearing mice have a ~100-fold higher

concentration of 2-HG, lower neutrophil chemotaxis, and

longer survival time compared to IDH1-wt animals.

Moreover, systemic neutrophil depletion caused

a significant increase in survival of IDH1-wt mice without

any significant effect on IDH1-mt tumors which already

attracted a lower number of neutrophils at basal levels. This

proposed mechanism is also in agreement with the study of

Unruh et al19 which showed a potent antithrombotic effect of

IDH1 mutation both in glioma tissue and in the peripheral

circulation.

In this study, we aimed to investigate whether IDH1

mutation could be associated with reduced chronic

inflammation in glioma patients. For that purpose, the

levels of common inflammatory markers NLR, platelet–

lymphocyte ratio (PLR),20 C-reactive protein (CRP),21 and

red cell distribution width (RDW)22,23 were analyzed in

both patient groups, with and without IDH1 mutation.

Furthermore, the prognostic role of these markers and

that of IDH1-mt was evaluated in the same patients by

using Kaplan–Meier and Cox regression analyses. In

addition, the impact of other potential clinicopathological

factors on survival was assessed.

Patients and methods
Patients
A total of 159 patients with newly diagnosed gliomas were

enrolled between February 2015 and December 2016 at

National Center for Neurosurgery (Astana, Kazakhstan).

The glial tumors were diagnosed according to the 2016

World Health Organization Classification of Tumors of the

Central Nervous System. Histological assessment of tissue

samples was independently examined by two experienced

neuropathologists. The following inclusion criteria were

applied: age ≥18 years, normal hemoglobin level

(120–180 g/L), absence of active infection, hematological,

and autoimmune disorders, and absence of recent steroid

treatment.

The clinicopathological characteristics analyzed were

age, gender, IDH1R132H status, tumor grade, tumor side

(left vs right vs middle vs other), tumor main functional

involvement (eloquent vs near-eloquent vs noneloquent),

Karnofsky performance score (KPS, <70 vs ≥70), and

preoperative full blood count (FBC). The extent of

resection was not included in the analysis because most

tumors were high-grade gliomas located in eloquent

area; therefore, the decision-making was preferably

based on the preservation of cognitive functions and

quality of life rather than the improvement of survival.

OS was defined as the time interval from histologic

diagnosis to death or last follow-up (October 2017) for

surviving patients.

Patients with low-grade gliomas were generally treated

only surgically, and some patients had indications for

radiotherapy. In patients with high-grade gliomas, surgery

was often followed by radiotherapy and/or chemotherapy;

some high-grade gliomas patients were treated by surgery

alone, because of the severity of their condition.
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All patients gave written informed consent to the study

protocol, which was approved by the Ethics Commission

of National Centre for Neurosurgery (IORG0008395).

This study was conducted in accordance with the

Declaration of Helsinki.

IDH1 immunohistochemistry
Immunohistochemical staining with the anti-IDH1R132H

mouse monoclonal antibody H09 (Dianova, Hamburg,

Germany) was performed on formalin-fixed, paraffin-

embedded tissue sections following the standard proto-

col recommended by the manufacturer.

Blood samples analysis
Preoperative blood samples were routinely collected for FBC

within 1–2 days before surgery. FBC including neutrophil,

lymphocyte, platelet counts, and RDW was measured using

an automated hematology analyzer (Abbott CD-1800;

Abbott Laboratories, Abbott Park, IL, USA). Serum CRP

concentrations were determined on a Cobas Integra 600

analyzer (Roche, Tokyo, Japan). NLR and PLR were calcu-

lated, respectively, as neutrophil and platelet counts divided

by lymphocyte count using standard units.

Statistical analysis
Continuous variables are presented as mean±standard error,

and categorical variables are presented as frequencies and

percentages. Relationships among variables were analyzed

using bivariate tests including Pearson’s Chi-square,

Spearman’s rho, and independent-samples Mann–Whitney

U test. Receiver operating characteristic (ROC) curves were

plotted for NLR, PLR, RDW, CRP, and age. The area under

curve (AUC) was used as an estimation of diagnostic accuracy

and Youden index was calculated to determine the optimal

cutoff points. Kaplan–Meier OS curves stratified by the cutoff

values were plotted, and survival differences between the

groups were analyzed using the log-rank test. Univariate and

multivariate Cox regression analyses were performed to

determine prognostic variables. Statistical analyses were

carried out using the SPSS statistical software package,

version 20.0 (IBM Corporation, Armonk, NY, USA). The

significance level was set at P<0.05.

Results
Patient characteristics
Seventy-two (45%) women and 87 men were included in

the study. The mean age at diagnosis was 44.94±0.93 years,

with a median of 46 years (range, 22‒67). Grade II gliomas

included 20 cases (15%). Their distribution was as follows:

diffuse astrocytoma, IDH-mt (4), diffuse astrocytoma, IDH-

wt (2), oligodendroglioma, not otherwise specified (NOS)

(8), and oligoastrocytoma, NOS (6). Grade III gliomas were

presented by anaplastic oligodendroglioma, NOS (38), ana-

plastic oligoastrocytoma, NOS (7), anaplastic astrocytoma,

IDH-mt (5), and anaplastic astrocytoma, IDH-wt (3).

Finally, the grade IV group included glioblastoma, IDH-

mt (10) and glioblastoma, IDH-wt (76). The majority of

tumors were right/left-sided and located in eloquent or near-

eloquent areas. Median tumor volume was 62 cm3 (mean

75.13±4.68 cm3, range 3.4–294 cm3). IDH1R132H was

detected in a total of 79 (50%) samples. Most patients

(59%) had KPS >70.

The mean preoperative NLR was 3.64±0.22

(median, 2.7; 0.60‒14.70), the mean PLR was 147.18

±5.85 (median, 131.9; 47‒71.9),the mean RDW was

13.21±0.10 (median, 12.90; 11.10‒18.70), and the mean

CRP was 3.59±0.43 mg/L (median, 1.41; 0.02–42.71). The

optimal cutoff points determined from ROC curves

(Figure 1) were: 2.65 for NLR, 166.85 for PLR, 12.75

for RDW, and 50.5 for age. Though the AUC values were

low (<0.7), the tests were statistically significant (Figure 1).

In addition, our findings are in line with the literature.

There is no consensus on the cutoffs of NLR, PLR, and

RDW; various cutoff values have been used in previous

studies. For example, in a meta-analysis on head and neck

cancer,24 the overall median NLR cutoff for OS was 2.895,

ie very close to the 2.65 value determined in our study.

Considering the prognostic role of PLR, 8 studies on solid

tumors25 have used the cutoffs between 150 and 200 very

close to the 166.85 value found in our study. As for RDW

in cancer, the studies are rare and cutoff values are also

heterogeneous. Two studies can be cited26,27 as examples

where cutoff points determined by ROC analysis were

close of 12.75 found in the present work (12.2 and

12.9, respectively). This study failed to obtain the

optimal cutoff value for CRP (AUC 0.569, 95% CI

0.479–0.659, P<0.135). Therefore, the CRP cutoff

value of 5 mg/L was chosen based on literature data.28

Association of mutant IDH1 with

inflammatory markers and other

clinicopathological variables
The characteristics of patients stratified by IDH1 mutation

status are presented in Table 1. The IDH1-mt patients were
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characterized by younger age (χ2=6.292, P<0.012), lower

tumor grade (χ2=19.232, P<0.000), higher KPS (χ2=5.541,

P<0.019), as well as reduced levels of NLR (χ2=4.583,

P<0.032) and CRP (χ2=7.111, P<0.008). In addition, IDH1

mutation status was found to be in close association with

PLR (χ2=2.807, P<0.094) and RDW (χ2=2.810, P<0.094).

Similar results were obtained when the associations

between IDH1-mt and inflammatory markers were

analyzed using the Mann–Whitney U test. Namely, IDH1

mutation was strongly associated with NLR (P<0.024) and

CRP (P<0.003). Also, it showed a tendency toward sig-

nificance in relation to RDW (P<0.069) and PLR

(P<0.094).

Moreover, Spearman correlation analysis was done to

evaluate relationships between NLR and other inflammatory

parameters. NLR was significantly correlated with PLR

(ρ=0.633, P<0.000), CRP (ρ=0.280, P<0.000), and RDW

(ρ=0.180, P<0.023). Thus, all the analyses showed that

glioma patients with IDH1-mt are more likely to have

lower inflammation levels compared to IDH1-wt individuals.

Prognostic role of IDH1 mutation and

inflammatory markers on Kaplan–Meier

analysis
The OS curves stratified by IDH1 mutation status or by

optimal cutoffs of NLR, PLR, and CRP are shown in

Figure 2. Seventy-nine (50%) IDH1-mt patients had med-

ian OS >33 months in comparison with 12 months for

IDH1-wt patients (P<0.000) as shown in Figure 2A.

NLR <2.65 was observed in 79 (50%) patients; Figure

2B presents the survival curves for patients with low and

high NLR values (median OS of 28 vs 11 months, respec-

tively; P<0.000). Low PLR levels (<166.85) were

observed in 111 patients (70%) and were associated with
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better median OS of 25 months compared to 11 months for

patients with high PLR (P<0.006) (Figure 2C). The OS

curves for patients stratified by CRP of 5 mg/L show an

increased median OS of 27 months in low CRP group (125

patients) vs 4 months in patients with higher CRP values

(Figure 2D). Regarding RDW, Kaplan–Meier analysis

failed to detect a significant difference in OS between

patients with high and low levels (P<0.111).

Impact of mutant IDH1 and blood

inflammatory markers on survival
The identification of factors associated with prognosis was

performed using univariate and multivariate Cox regression

analyses (Table 2). In univariate analysis, favorable

prognostic factors were age<50.5 years (P<0.000), lower

tumor grade (P<0.000), KPS ≥70 (P<0.000), tumor location

in noneloquent area (P<0.030), IDH1 mutation (P<0.000),

Table 1 Patient characteristics stratified by IDH1 mutation status

Parameters Group IDH1-mt, n (%) IDH1-wt, n (%) P-value

Age 0.012

<50.5 54 (68) 39 (49)

≥50.5 25 (32) 41 (51)

Gender 0.304

Female 39 (49) 33 (41)

Male 40 (51) 47 (59)

KPS 0.019

<70 25 (32) 40 (50)

≥70 54 (68) 40 (50)

WHO grade 0.000

II 13 (16) 7 (9)

III 37 (47) 16 (20)

IV 29 (37) 57 (71)

Tumor side 0.111

Left 40 (51) 35 (44)

Right 32 (40) 39 (49)

Middle 3 (4) 6 (7)

Other 4 (5) 0 (0)

Functional involvement 0.891

Eloquent 59 (74) 58 (72.5)

Near-eloquent 10 (13) 14 (17.5)

Noneloquent 10 (13) 8 (10)

NLR 0.032

<2.65 46 (58) 33 (41)

≥2.65 33 (42) 47 (59)

PLR 0.094

<166.85 60 (76) 51 (64)

≥166.85 19 (24) 29 (56)

RDW 0.094

<12.75 38 (48) 28 (35)

≥12.75 41 (52) 52 (65)

CRP (mg/L) 0.008

<5 69 (87) 56 (70)

≥5 10 (13) 24 (30)

Abbreviations: IDH, isocitrate dehydrogenase; KPS, Karnofsky performance score; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; RDW, red cell

distribution width; CRP, C-reactive protein.
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NLR<2.65 (P<0.000), PLR <166.85 (P<0.008), and CRP

<5 mg/L (P<0.001). In a multivariate analysis including all

variables, lower tumor grade (P<0.000), noneloquent

location (P<0.015), IDH1-mt (P<0.044), and NLR <2.65

(P<0.022) remained associated with improved prognosis.

Discussion
The main finding of the present study is that IDH1 mutation

is significantly associated with reduced levels of

inflammatory markers, in particular NLR (P<0.032). In

addition, we showed that both IDH1-mt and low NLR
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were independent factors of better prognosis in multivariate

analysis (P<0.044 and P<0.022, respectively).

NLR, reflecting the balance between neutrophilia and

lymphopenia, has become a strong prognostic marker in

human cancer.29 There is growing evidence of the important

contribution of neutrophils to chronic inflammation and

thereby to cancer progression.30–32 Circulating neutrophils in

cancer patients increase in number. Moreover, their population

undergoes morphological and functional alterations and

clearly differs from that of healthy donors’ neutrophils.33 An

increase in NLR level in cancer patients can be also caused by

lymphopenia.34 The mechanisms underlying lymphopenia in

cancer patients are multifactorial and poorly understood. It is

possible that the elevated myeloid cell content in IDH1-wt

gliomas contributes to lymphocyte suppression via myeloid-

derived suppressor cell activity.35

Lower NLR values found in IDH1-mt patients in our

study fit well into the proposed IDH1 mutation-driven

inhibition of HIF1.5 It is worth noting that IDH1 mutations

exert numerous effects, in particular by inducing a glioma-

CpG island methylator phenotype (G-CIMP) which results

in altered patterns of gene expression and is associated

with better outcome.36,37 Therefore, we cannot exclude

that reduced levels of inflammatory markers in IDH1-mt

patients could also potentially be triggered by changes in

the expression profile.

The downregulation of HIF1 suggests a reduced

expression of vascular endothelial growth factor (VEGF)

Table 2 Univariate and multivariate Cox regression analyses of factors affecting overall survival

Variables in the equation Univariate Multivariate

P-value HR 95% CI P-value HR 95% CI

Age, years 0.000 2.739 1.737–4.319

<50.5 vs ≥50.5

Gender 0.218 1.323 0.848–2.065

Female vs male

WHO grade 0.000 0.000

III 0.001 0.087 0.021–0.358 0.002 0.104 0.025–0.431

IV 0.000 0.244 0.139–0.429 0.000 0.329 0.181–0.599

KPS 0.000 0.436 0.278–0.682

<70 vs ≥70

Tumor side 0.244

Left vs right vs 0.649 1.392 0.335–5.777

Middle vs other 0.983 1.016 0.242–4.264

0.298 2.348 0.471–11.717

Functional involvement 0.070 0.030

Noneloquent vs

near-eloquent vs

0.030 0.360 0.143–0.905 0.015 0.314 0.124–0.797

Eloquent 0.309 0.716 0.377–1.362 0.199 0.656 0.344–1.249

IDH1 mutation 0.000 0.390 0.243–0.626 0.044 0.604 0.370–0.986

NLR 0.000 2.502 1.565–3.999 0.022 1.775 1.087–2.898

<2.65 vs ≥2.65

PLR 0.008 1.850 1.173–2.916

<166.85 vs ≥166.85

RDW 0.123 1.441 0.905–2.294

<12.75 vs ≥12.75

CRP 0.001 2.284 1.407–3.708

<5 vs≥5 mg/L

Abbreviations: KPS, Karnofsky performance score; IDH, isocitrate dehydrogenase; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; RDW, red cell

distribution width; CRP, C-reactive protein.
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and other HIF1-regulated inflammatory mediators, espe-

cially in lower grade gliomas. On the other hand, as the

tumor grows, the level of hypoxia increases, leading to

HIF1 upregulation through other hypoxia-induced signaling

pathways. In line with this, we found that the levels of

VEGF-A were significantly lower in the IDH1-mt low-

grade glioma samples compared to the IDH1-wt ones;

while in high-grade gliomas, this trend was not preserved

(data not shown). The HIF1 inhibition by IDH1 mutation is

supported by the results of Miroshnikova et al.38

Furthermore, Chesnelong et al39 showed a marked reduc-

tion in expression of a large set of HIF-1α target genes in

IDH1-mt gliomas. Also, an imaging study revealed that

IDH1-mt glioblastomas have features of a less invasive

tumor compared with IDH1-wt glioblastomas.40

In this study, PLR and CRP were not independent factors

associated with survival, though they were significantly

related to survival in univariate analysis (P<0.008 and

P<0.001, respectively). Besides, these parameters are strongly

correlated with NLR (P<0.000 and P<0.000, respectively).

There is increasing evidence that platelets, in addition to

their fundamental role in hemostasis and thrombosis, have

important functions in a broad range of immune responses.41

Platelets can interact with other immune cells, contributing to

various pathological states.42,43 A recent study identified

a previously unrecognized role of platelets in leukocyte

trafficking to the site of inflammation. Platelets were found

to adhere preferentially to endothelial cell/cell junctions and to

direct rolling and crawling neutrophils to these sites.44 CRP is

another well-known marker of systemic inflammation. The

use of CRP as a tumor biomarker has gained interest; its

prognostic role was demonstrated in various malignancies,

including gliomas.21,45 As for RDW, although we found no

significant impact of RDWon outcomes, a strong association

was observed between RDW and NLR (P<0.023). RDW is

a part of a standard blood count; it measures the size variability

of circulating erythrocytes. Many studies demonstrated the

prognostic significance of RDW in patients with different

chronic inflammatory conditions,46 and several studies

showed its prognostic role in cancer.22 The mechanisms of

RDW fluctuations are little investigated.

This study has some limitations. First, our investigation

was conducted in a single institution. Second, the most

common IDH1R132H mutation was determined by

immunochemistry, raising the possibility that for a given

mutation, some cases were missed; also, we may have

missed some of the rarer IDH1 and IDH2 mutations.

Finally, there was a relatively small GII group of patients

included in the analysis; larger cohorts should be followed

in future studies.

Conclusion
Our results show that IDH1 mutation in gliomas is

associated with lower levels of chronic inflammation

which could account for the improved prognosis in this

group of patients. These findings can be explained by the

potential IDH mutation-driven inhibition of HIF1 and its

downstream inflammatory mediators. Thus, the IDH1

mutation status at diagnosis can help with the therapeutic

follow-up of patients, especially those not harboring this

mutation. Accordingly, the need to develop potent

anti-inflammatory drugs for IDH1-wt patients and for the

treatment of cancer-related inflammation in general is

becoming increasingly obvious.47 As an example, one

can cite the results of a Phase I/II trial which investigated

the effect of siltuximab, an anti-IL-6 monoclonal antibody,

in metastatic renal cell carcinoma patients; the drug was

shown to stabilize disease in >50% of patients.48 Also,

a meta-analysis demonstrated that regular use of

a nonsteroidal anti-inflammatory drug aspirin is inversely

related to prostate cancer incidence and mortality.49
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