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Background: High-grade glioma (HGG) and solitary brain metastasis (sSBM) patients show
similar symptoms in clinical practice, and accurately differential diagnosis directly affects
the management and prognosis of patients. The aim of this study was to distinguish two
entities by preoperative serum B2-microglobulin (f2-m) and routine blood test-associated
inflammatory indexes including, white blood cell (WBC), neutrophils, lymphocytes, mono-
cytes, and platelets count, red cell distribution width (RDW), platelet distribution width
(PDW), neutrophil/lymphocyte ratio (NLR) and monocyte/lymphocyte ratio (MLR).
Patients and Methods: A retrospective analysis was performed in the Cancer Hospital of
the University of Chinese Academy of Sciences from January 2015 to December 2019,
including 127 patients of newly pathologically diagnosed with HGG and 174 patients with
sBM. Clinical information including age, gender, pathological diagnosis, preoperative serum
B2-m and routine blood tests were collected, and NLR and MLR were calculated. The
diagnostic significance of these markers for HGG and sBM was assessed by receiver
operating characteristic (ROC) curves.

Results: The patients with sBM had significantly higher values of preoperative age, f2-m,
NLR and MLR as well as lower lymphocytes count than patients with HGG. Besides, the
area under the curve (AUC) in differentiating HGG from sBM was 0.625 (95%CI: 0.561—
0.689) for age, 0.655 (0.594-0.717) for B2-m, 0.634 (0.571-0.698) for NLR and 0.622
(0.559-0.686) for MLR, and the combination of Age+f2-m+NLR+MLR showed the best
diagnostic performance with AUC of 0.731 (0.675-0.788) and 0.048*Age+0.001*B2-m
+0.201*NLR+0.594*MLR>5.813 could indicate sBM rather than HGG.

Conclusion: The Age+p2-m+NLR+MLR combination was revealed as an inexpensive and
noninvasive biomarker for differentiating between HGG and sBM before surgery.
Keywords: solitary brain metastasis, p2-microglobulin, neutrophil/lymphocyte ratio,
monocyte/lymphocyte ratio, routine blood test, high-grade glioma

Introduction

High-grade glioma (HGG) and brain metastasis (BM) are the most common
malignant brain tumors in adults." Generally, glioma is solitary and BM is multi-
foci. However, it is difficult to differentiate HGG from solitary BM (sBM) since
both tumors may have similar symptoms (including headache, vomiting, blurred
vision, sensory deficit, dyskinesia and so forth) and display similar radiological

characteristics: including peripheral contrast enhancement, central necrosis and
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surrounding edema.” There is high clinical importance to
distinguish these two intracranial pathologies before an
operation, as the natural history, treatment, prognosis,
and therapeutic implications are different, and it can be
rewarding for clinical management of patients because it
directly determines the choice of treatment options and
affects the prognosis of patients.*>

It is widely acknowledged that tumor-related systemic
inflammatory response is closely correlated with various
cancers.”’ In previous studies, preoperative neutrophil/
lymphocyte ratio (NLR) and lymphocyte/monocyte ratio
(LMR) have been recognized as good diagnostic factors
with high sensitivity and specificity in differential diagno-
sis of glioma from other benign brain tumors.® Recently,
the clinical application values of serum P2-microglobulin
(B2-m) in predicting prognosis and monitoring of thera-
peutic efficacy has been rapidly highlighted.® Several stu-
dies have shown an increased level of Bf2-m in solid
tumors, including lung cancer and gastrointestinal
cancer.''? However, the expression of p2-m in HGG
and sBM remains unknown.

Therefore, the purpose of the present study was to
determine whether the preoperative serum B2-m and
hematological inflammatory indexes could differentiate

HGG from sBM.

Patients and Methods

Patients Selection

The patients newly diagnosed with HGG and sBM from
the Department of Neurosurgery of Cancer Hospital of the
University of Chinese Academy of Sciences from
January 2015 to December 2019 were recruited and retro-
spectively analyzed. All the patients included in our study
had to meet the following inclusion standards: (1) patients
newly diagnosed with HGG (grades III and IV according
to the 2007 WHO classification) and sBM histologically
verified in pathologic specimens from surgical resection or
biopsy; (2) no prior antitumor treatment, such as radio-
therapy or chemotherapy; (3) patients aged >18 years.
Exclusion criteria: (1) patients with hematological disease,
infectious disease, hyperpyrexia, other cancers, hyperten-
sion, diabetes mellitus, serious vital organ dysfunction,
autoimmune diseases or HIV; (2) patients who had taken
antibiotics or anti-inflammatory drugs in the prior three
months; (3) patients with incomplete information of
abovementioned preoperative serum. Finally, 127 patients
with HGG and 174 patients with sBM were included in the

analysis. This retrospective analysis was approved by the
Ethics Committee of Cancer Hospital of the University of
Chinese Academy of Sciences.

Data Collection

Demographic, clinical and histopathological data such as
age, gender, pathological types, pre-existing conditions
and medication history were collected from medical
records. After hospitalization, fasting peripheral venous
blood samples were taken for a blood count and biochem-
istry function test as a routine preoperative examination.
The levels of f2-m were collected from the preoperative
blood biochemistry test, the preoperative WBC, neutro-
phils, lymphocytes, monocytes, and platelets counts
RDW (%) and PDW (%) were collected from the routine
blood test. Moreover, operative NLR (quotient of neutro-
phil count to lymphocyte count), MLR (quotient of mono-
cyte count to lymphocyte count) were calculated.

Statistical Analysis

Statistical analysis was carried out using SPSS version
25.0 (IBM Corporation, Armonk, NY, USA). The
Kolmogorov—Smirnov test was used to determination the
normal distribution of the variables. All data in this ana-
lysis were subject to non-normal distributions and were
shown as median (25th, 75th percentiles). Comparisons
between the two groups were conducted using the
Mann—Whitney U-test. The categorical variables between
groups were compared by a Pearson chi-squared test. The
predictive probability of combined biomarkers for differ-
entiating HGG from sBM was calculated using a binary
logistic regression. The diagnostic significance of the pre-
operative indexes for distinguishing HGG from sBM was
evaluated by the area under the curve (AUC) acquired
from the receive operating characteristic (ROC) curves.
An AUC >0.9 represented excellent diagnostic efficacy.
An AUC >0.7 indicated good diagnostic efficacy. An AUC
between 0.5 and 0.7 is considered poor diagnostic efficacy.
When the Youden index is maximum, the best cutoff value
is determined. A probability value (p-value)<0.05 is con-
sidered statistically significant.

Results

Study Population

A total of 301 patients newly diagnosed with HGG or sBM
were enrolled in this study. The HGG group included 127
patients who received surgical resection or biopsy of
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glioma, including 59 with grade III and 68 with GBM.
This group had 67 males (52.76%) and 60 females
(47.24%) with a median age (25th, 75th percentile) of 56
(50, 65) years. The sBM group was composed of 174
patients who underwent surgical resection or biopsy of
intracranial metastasis. This group had 102 males
(58.62%) and 72 females (41.38%) with a median age
(25th, 75th percentile) of 63 (53, 68) years.

Comparison of Preoperative
Hematological Markers Between the
Patients with HGG and sBM

Based on the K-S test, the p-values in the two groups were
<0.05, which indicates the data were not normally distrib-
uted. Therefore, the value of each marker was represented
as median (25th, 75th percentile). Table 1 and Figure 1
show the concentrations of these markers in patients with
HGG and sBM. The patients with HGG were younger than

Table | Clinical Characteristics of the Patients with Glioma and
sBM

Parameters Glioma (n=183) | sBM (n=174) P
Age (years) 52.00 (44.00, 63.00 (53.00, 0.000
63.25) 68.00)

Gender (male/ 98/85 102/72 0.340

female)

B2-m (ug/L) 1771.00 (1510.00, | 2067.00 (1649.75, | 0.000
2063.00) 2701.00)

WBC count 6.10 (5.00, 7.50) 6.10 (5.00, 7.80) 0.805

(x10°/L)

Neutrophils 3.80 (3.10, 5.10) 4.20 (3.20, 5.70) 0.169

(x10°/L)

Lymphocytes 1.50 (1.30, 2.00) 1.40 (1.10, 1.80) 0.001

(x10°/L)

Monocytes 0.40 (0.30, 0.50) 0.40 (0.30, 0.60) 0.100

(x10°/L)

Platelets (x10°/L) | 207.00 (166.00, 204.50 (159.00, 0.662
238.00) 240.25)

RDW (%) 12.80 (12.40, 13.00 (12.40, 0.096
13.20) 13.50)

PDW (%) 16.10 (15.80, 16.00 (15.70, 0.122
16.40) 16.30)

Notes: Data were presented as median (25th, 75th percentile).

Abbreviations: sBM, solitary brain metastasis; $2-m, p2-microglobulin; WBC,
white blood cell; RDWY, red cell distribution width; PDWV, platelet distribution width.

those with sBM, and the difference was significant
(»<0.001). No significant statistical difference was found
regarding gender between the HGG and sBM
groups (p>0.05). Besides, compared with the HGG
patients, significantly higher level of f2-m, NLR and
MLR as well as lower level of lymphocytes counts were
observed in the sBM patients. Although the sBM patients
have relatively higher level of median value of neutrophils
count than HGG patients, no significant difference was
observed (p>0.05). Furthermore, there were no statistically
significant differences in the preoperative levels of WBC,
monocytes, platelets counts, RDW and PDW between the
groups (p>0.05).

Diagnostic Efficacy of Single Preoperative

Hematological Markers in Differentiating
HGG from sBM

As shown in Figure 2A, diagnostic values of preoperative
age, f2-m, NLR, and MLR in differentiating HGG from
sBM were evaluated by the AUC acquired from ROC
curves. The best cutoff value of age was found to be
56.5 years, and the AUC, sensitivity, specificity were
0.625, 70.70%, 52.85%. ROC
B2-m individually showed the best cutoff value of
1932.50 (AUC=0.655, 95%CI: 0.594-0.717, sensitiv-
ity=58.05%, specificity=72.36%). ROC curve analysis of
NLR had the best cutoff value of NLR 2.45 (AUC=0.634,
95%CI:  0.571-0.698,  sensitivity=71.26%,  specifi-
city=52.85%). ROC curve analysis of MLR had the best
cutoff value of MLR 0.28 (AUC=0.622, 95%CI: 0.559—
0.686, sensitivity=56.32%, specificity=71.54%).
According to the ROC curve analysis, the f2-m showed

curve analysis of

the best diagnostic performance in separating sBM from
HGG, followed by NLR.

Diagnostic Efficacy of the Combined
Preoperative Hematological Markers in
Differentiating HGG from sBM

As shown in Figure 2B—C, ROC curves for the combined
detection of these makers for differentiating HGG from
sBM were constructed base on binary logistic regression.
Table 2 shows the value of the combined detection of
multiple markers combination (Age+p2-m, Age+NLR,
Age+MLR, B2-m+NLR, B2-m+MLR, NLR+MLR, Age
+pB2-m+NLR, Age+f2-m+MLR, Age+NLR+MLR, B2-m
+NLR+MLR, Age+p2-m+NLR+MLR). The
showed that the AUCs of five combinations were greater

results
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Figure | Comparison of the preoperative age (A), 2-m (B), WBC count (C), neutrophils count (D), lymphocytes count (E), monocytes count (F), platelets count (G),

RDW (H), PDW (1), NLR (J) and MLR (K) between the two groups. *p<0.001.

than 0.7 (P2-m+NLR, Age+B2-m+NLR, Age+p2-m
+MLR, B2-m+NLR+MLR, Age+p2-m+NLR+MLR). For
the combined detection of these indexes, the highest accu-
racy was obtained from Age+p2-m+NLR+MLR
(AUC=0.731, 95%CI: 0.675-0.788, sensitivity=60.92%,
specificity=77.24%), and the positive cutoff for sBM was
0.048*Age+0.001*B2-m+0.201*NLR
+0.594*MLR>5.813.

Discussion

Numerous research has shown that the systemic inflamma-
tion response in the tumor microenvironment may play
a critical role in the development and progression of the
tumor.'>'* In previous studies, the hematologic inflamma-
tory markers have demonstrated significantly predictive
factors for diagnosis, disease staging, and prognostic eva-
luation for various cancers.'>'® For instance, it was
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Figure 2 (A) The diagnostic value of preoperative age, f2-m, NLR and MLR in patients with HGG against patients with sBM. (B-C) The diagnostic value of combination
testing of preoperative age, $2-m, NLR and MLR in patients with HGG against patients with sBM.

reported that a high level of preoperative peripheral blood

NLR and MLR ratio was predictive of a poor prognosis for

patients with glioma and BM.'7' Besides,

the

preoperative NLR may be used to differentiate glioma

from the benign brain tumors and healthy populations.®

However, few studies focus on the diagnostic value of

Table 2 Diagnostic Value of Preoperative Age, $2-m, Lymphocytes and Their Combinations in Patients with Glioma and sBM

Markers Cutoff AUC 95%ClI Sensitivity (%) Specificity (%)
Age (years) 56.50 0.692 0.637-0.747 70.70 62.64
B2-m (ug/L) 1959.50 0.664 0.607-0.721 56.90 7299
Lymphocytes (x10°/L) 0.95 0.591 0.531-0.650 25.86 89.66
Age+p2-m 0.727 0.674-0.779 48.85 87.36
Age+Lymphocytes 0.709 0.656-0.763 59.77 71.26
B2-m+Lymphocytes 0.691 0.635-0.746 54.02 82.18
Age+B2-m+Lymphocytes 0.735 0.683-0.787 59.20 77.59

Abbreviations: sBM, solitary brain metastasis; f2-m, B2-microglobulin; WBC, white blood cell; RDWV, red cell distribution width; PDWV, platelet distribution width; AUC,

area under the curve.
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inflammatory markers and their paired combinations for
differentiating HGG from sBM. In this analysis, we inves-
tigated the levels of preoperative NLR and MLR and
explored their diagnostic significance among patients
with HGG and sBM.

It is well known that f2-m is a housekeeping gene and
a nonglycosylated protein with a small light chain weight
of 12-kDa, which is an important component of the major
histocompatibility complex (MHC) class Ip chain on the
surface of nucleated cells.’® As an important structural
protein, f2-m plays an important role in regulating host
immune recognition by CD8" T lymphocytes, and partici-
pates in iron metabolism and immunoglobulin transport.?!
Besides, mounting evidence has highlighted the role of
B2-m in host immune surveillance, which may regulate
the survival, proliferation, migration, invasion, apoptosis,
angiogenesis and metastasis of various types of cancer
cell.?>* Furthermore, overexpression of serum or urine
B2-m was verified as an independent prognostic factor in
many malignant tumors such as lymphoma, multiple mye-
loma and solid tumors.*** In addition, f2-m was also
demonstrated to support the metastasis of bone malignant
tumor by promoting the proliferation and survival of stro-
mal cells.’® Moreover, multiple lines of evidence show
that the serum B2-m is a significantly independent survival
predictor and prognostic factor for several malignant
tumor including renal cell carcinoma, multiple myeloma
and leukemia.?’?° However, little is known about the
levels of B2-m in glioma and BM. In this analysis, we
investigated the levels of B2-m as well as several preo-
perative routine blood test-associated inflammatory mar-
kers in patients with HGG and sBM, including WBC,
neutrophils, lymphocytes, monocytes, and platelets counts,
NLR, MLR, RDW, and PDW, and assessed the diagnostic
value for HGG and sBM.

According to our data, we demonstrated that patients
with sBM have significantly higher values of age, preo-
perative serum B2-m, NLR, and MLR as well as lower
level of preoperative lymphocyte count than patients with
HGG. This finding suggests that age, f2-m, NLR, and
MLR may have the ability to differentiate HGG from
sBM. Unfortunately, the detailed mechanisms underlying
the high level of serum B2-m, NLR, and MLR and low
level of lymphocyte count in patients with sBM remain
unknown. Some scholars thought the lymphocyte infiltra-
tion around brain tumors may mediate antitumor immune
reaction and mean better prognosis, whereas the infiltra-
tion of neutrophils around tumors may result from the

stimulation of neutrophil chemotactic factors and reactive
oxygen species induced by tumor cells, and associates
with a poor prognosis.***! Lower lymphocyte counts and
higher neutrophil counts suggest reduced lymphocyte-
dependent antitumor immune response and increased neu-
trophil-dependent inflammatory reactions.*?

Due to the similar clinical symptoms and imaging
characteristics, accurate differentiation between HGG and
sBM is a common differential diagnosis problem in clin-
ical practice.’® In general, pathological examination of
suspicious tissue obtained from a biopsy or resection is
considered as the gold standard procedure for definitive
diagnosis when the intracranial lesion is uncertain,
whereas CT and MRI are the important supplemental
diagnostic approaches for assistance of diagnosis, tumor
staging, and evaluation of therapeutic efficacy.” However,
both the neuroimaging tests and pathological examination
are expensive with limited sensitivity, even at risk of
hemorrhage and neurologic impairment, which have
greatly limited their application for the clinical differential
diagnosis.'® Thus, there is an urgent need for the low cost,
easily obtained, and minimally invasive markers with
improved diagnostic sensitivity and specificity for patients
with HGG and sBM.

Therefore, we further investigated the diagnostic perfor-
mance of preoperative age, B2-m, NLR, and MLR in
patients with HGG against patients with sBM using ROC
curve analysis. For single factor, f2-m demonstrated the best
differential diagnostic performance, followed by NLR. For
combined testing of these markers, the highest diagnostic
accuracy was obtained in the combination of Age+f2-m
+NLR-+MLR. Routine blood tests and blood biochemistry
test are inexpensive, minimally invasive and widely used in
clinical practice for differential diagnosis of diseases.

This
a retrospective analysis, some unavoidable biases may

study has several limitations. First, as
have occurred during data collection. Second, the number
of patients enrolled in this study appeared to be limited
and only from only a single center. Furthermore, we only
evaluated the changes of hematological indexes and did
not consider the differences in tumor immune microenvir-
onment among patients. Therefore, prospective, multicen-
ter and large-scale trials, continuous prognostic monitoring
and deep research of the molecular mechanism are needed
to further confirm our preliminary results. Moreover, it
was reported that hematological markers had significant
diagnostic value for distinguishing glioma from different
brain  pathologies, acoustic

including neuroma,
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nonlesional  epilepsy and  healthy
individuals.® However, the present study only focused on
the differential diagnoses between HGG and sBM, without

other neurological disorders.

meningioma,

Conclusion

We demonstrated that the combination detection of Age
+pB2-m+NLR+MLR was revealed as a promising, inexpen-
sive and noninvasive biomarker in differentiating HGG
from sBM, although the test showed high specificity
(77.24%) and relatively low sensitivity (60.92%). We
believe a larger patient sample study in the future may
increase the diagnostic sensitivity. Our findings showed
that 0.048*Age+0.001*p2-m+0.201*NLR
+0.594*MLR>5.813 could indicate sSBM rather than HGG.

Abbreviations

HGG, high-grade glioma; BM, brain metastasis; sBM, soli-
tary brain metastasis; 32-m, f2-microglobulin, WBC, white
blood cell; RDW, red cell distribution width; PDW, platelet
distribution width. LMR, lymphocyte to monocyte ratio;
LMR, monocyte to lymphocyte ratio; AUC, area under the
ROC, CT,
computed tomography; MRI, magnetic resonance imaging.

curve; receiver operating characteristic.
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