Plasma IGFBP-2 levels predict
clinical outcomes of patients with

high-grade gliomas

Yi Lin, Tao Jiang, Kaijia Zhou, Li Xu, Baoshi Chen, Guilin Li, Xiaoguang Qiu,

Tianzi Jiang, Wei Zhang, and Sonya W. Song

Department of Neurosurgery, Tiantan Hospital, Capital Medical University, Beijing, China (Y.L., T.J., K.Z., L.X.,
B.C., G.L., X.Q.); Department of Neurosurgery, First Affiliated Hospital, China Medical University, Shenyang,
China (Y.L.); LIAMA Center for Computational Medicine, National Laboratory of Pattern Recognition,
Institute of Automation, Chinese Academy of Sciences, Beijing, China (T.J., S.W.S.); Department of Pathology,
University of Texas M. D. Anderson Cancer Center, Houston, TX, USA (W.Z.)

Insulin-like growth factor binding protein 2 (IGFBP-2) is
a malignancy-associated protein measurable in tumors
and blood. Increased IGFBP-2 is associated with short-
ened survival of advanced glioma patients. Thus, we
examined plasma IGFBP-2 levels in glioma patients and
healthy controls to evaluate its value as a plasma bio-
marker for glioma. Plasma IGFBP-2 levels in 196 patients
with newly diagnosed glioma and 55 healthy controls
were analyzed using an IGFBP-2 ELISA kit. Blood was
collected before surgery, after two-cycle adjuvant chemo-
therapy, and at recurrence. Plasma IGFBP-2 levels were
correlated with disease-free survival (DFS) using Cox
regression analyses. We found that preoperative plasma
IGFBP-2 levels were significantly higher in high-grade
glioma patients (# = 43 for grade III glioma; n = 72 for
glioblastoma multiforme [GBM]) than in healthy con-
trols (n = 55; p < 0.001) and low-grade (grade II) glioma
patients (n = 81; p < 0.001). No significant differences
in preoperative plasma IGFBP-2 levels were observed
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between grade III glioma and GBM patients or between
grade II glioma patients and healthy controls. After
recurrence, plasma IGFBP-2 levels were significantly
increased in GBM patients (n = 26; p < 0.001). Preop-
erative plasma IGFBP-2 levels were significantly corre-
lated with DFS in GBM patients (hazard ratio, 1.404;
95% confidence interval, 1.078-1.828; p = 0.012). We
conclude that preoperative plasma IGFBP-2 levels are
significantly higher in high-grade glioma patients than
in low-grade glioma patients and healthy subjects, and
are significantly correlated with recurrence and DFS in
patients with GBM. Longitudinal studies with a larger
study population are needed to confirm these findings.
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lioma is the most common primary brain tumor.
GHigh—grade gliomas (WHO grade III and grade

IV [glioblastoma multiforme (GBM)]) defined by
the current pathologic classification encompass a het-
erogeneous population of tumors with highly variable
prognoses.! Standard clinicopathologic factors—such as
age, tumor grade, KPS, and extent of tumor resection—
are commonly used to assess prognosis of patients with
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glioma, but these predictions are often inaccurate for
individual patients. Combined 1p and 19q loss is used
as an indicator for chemotherapy and radiotherapy sen-
sitivities and survival for patients with anaplastic oligo-
dendrogliomas (AQOs).>3 For anaplastic astrocytomas
(AAs) and anaplastic oligoastrocytomas (AOAs), there
is no molecular marker for diagnosis, treatment evalu-
ation, and prognosis. Decreased expression of the gene
O°-methylguanine-DNA methyltransferase by methyl-
ation of its promoter was recently reported to confer
a favorable response to temozolomide chemotherapy
and longer survival in GBM patients,* but this analysis
requires tumor tissues that are often unavailable.

Identification of molecular markers assayed in acces-
sible specimens such as blood would be of consider-
able value in tumor diagnosis, response assessment,
and patient prognosis. For prostate and ovarian can-
cer, serum prostate-specific antigen and cancer antigen
125 markers are often used clinically for diagnosis.**
No such blood markers have been identified for glioma
patients, although a few candidate proteins (cathepsin
D, low-molecular-weight caldesmon, YKL-40, matrix
metalloproteinase-9, and glial fibrillary acidic protein)
have been recently reported.”'* In this study, we tested
the potential use of measuring plasma insulin-like
growth factor binding protein 2 (IGFBP-2) levels in the
setting of glioma.

IGFBP-2 is a secreted protein measurable in tissues
and blood. It was initially found through genomic stud-
ies to be overexpressed in high-grade gliomas.'!"!3 Later
studies using a tissue microarray found that IGFBP-2
was overexpressed in 80% of glioblastomas and in 20%
of AAs and AOAs."* IGFBP-2 was also reported to be
overexpressed in other tumors, including prostate can-
cer,'1% ovarian cancer,!” adrenocortical cancer,!® breast
cancer,!” colorectal carcinomas,?® and leukemia,?! as
well as in drug-resistant tumors.?? Previous studies have
shown that increased IGFBP-2 expression in a tumor
promotes glioma cell migration and invasion through
activation of the matrix metalloproteinase 2 protein and
integrin pathway2*-?” and that this increased expression
is associated with glioma malignancy and poor survival
of glioma patients.!?-13:16:18:28-33 Attenuation of IGFBP-2
by the tumor suppressor protein IIp45 or using small
interfering RNA resulted in decreased cell motility and
invasion.?%2¢ Recently, IGFBP-2 has been found to be
a “driver” oncogene for glioma development and pro-
gression.?® IGFBP-2 overexpression has been linked to
PTEN (phosphatase and tensin homolog) deletion and
results in Akt activation.?”28

Studies of serum IGFBP-2 levels in patients with pros-
tate cancer have shown that plasma IGFBP-2 levels are
significantly associated with tumor progression, inva-
sion, and metastasis.>*3* An elevated serum IGFBP-2
level predicts a high risk of relapse after hematopoietic
stem cell transplantation in childhood acute myeloid leu-
kemia.3®

We examined the possibility that plasma IGFBP-2
could serve as a potential surrogate biomarker for
glioma patients. We measured the plasma IGFBP-2 lev-
els in glioma patients and healthy control subjects and
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analyzed the association between plasma IGFBP-2 levels
and various clinicopathologic variables.

Materials and Methods

Study Population

We retrospectively examined blood samples and patient
records for 196 patients who had been newly diagnosed
with glioma (81 with grade II glioma, 43 with grade I11
glioma, and 72 with GBM) and enrolled in the Glioma
Therapy Center of Beijing Tiantan Hospital from Janu-
ary 2006 through March 2007. Our screening criteria
for patients in the study were the following: (1) Patients
must have had no other cancers or diseases such as acute
infection, diabetes, and ischemia and must have received
no other previous radiotherapy, chemotherapy, or corti-
costeroid therapy. (2) Patients must have received similar
treatments: surgical resection performed by neurosur-
geons who used similar operational techniques and prin-
ciples and tumor pathologic evaluation performed by
two neuropathologists separately using the WHO 2000
classification of CNS tumors. Every patient in the study
received the same radiotherapy regimen. One month
after the surgery, all patients received 60-Gy radiother-
apy for 6 weeks. Patients with high-grade glioma (grade
IIT and GBM) also received chemotherapy after radio-
therapy. Patients received routine contrast-enhanced
MRI examinations before and after surgical operation,
before chemotherapy, and after two, four, and six cycles
of chemotherapy. (3) Patients gave informed consent.
Patients who died from non-glioma-related causes were
not included for the study. The criteria ensured that the
patient group was uniform, which strengthens the analy-
sis. The Glioma Therapy Center accepts patients from
all over China; most of them are younger than 60 years.
Fifty-five healthy volunteers matched for age and sex
were also included in the study. The study was approved
by the Beijing Tiantan Hospital Research Ethics Board.

The information on tumor resection for all patients
examined was taken from medical charts. Tumor resec-
tion categories were as follows: (1) gross total resection,
(2) partial removal with residual tumor <30%, and (3)
residual tumor >30% or biopsy. Tumor volume was cal-
culated using the following formula: longest diameter
X widest diameter X thickness (section thickness X the
number of layers) x 1/2, based on MRI scans.

Clinicopathologic variables were retrospectively col-
lected from medical records through March 2008. Dis-
ease-free survival (DFS) was defined from the date of
surgery to the first MRI-confirmed recurrence or death,
whichever occurred first.

Plasma Sample Collection

Stored plasma samples had been obtained from blood
taken before surgery, after two cycles of chemotherapy,
and at recurrence of the disease. Blood was drawn into
tubes with EDTA anticoagulant and then centrifuged at
3,500 rpm for 10 min to recover plasma. The upper-
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layer plasma was collected and aliquoted into 1.5-ml
Eppendorf tubes and then recentrifuged at 10,000 rpm
for 3 min at 4°C to remove any white cells and debris.
The plasma was transferred to fresh tubes and stored at
—80°C until analysis. Twenty patients had plasma taken
before surgery and after two cycles of adjuvant chemo-
therapy without recurrence, 12 patients before surgery
and after recurrence, 15 patients after two cycles of
adjuvant chemotherapy without recurrence and after
recurrence, and 10 patients at all three time points.

ELISA Assays

We measured IGFBP-2 levels in plasma using the
IGFBP-2 ELISA kit (purchased from RapidBio Lab,
Calabasas, CA, USA) according to the manufacturer’s
instructions. Each sample was repeated three times, and
an averaged concentration of IGFBP-2 was used for fur-
ther statistical analysis.

Immunobhistochemical Analysis

IGFBP-2 immunostains were done using formalin-fixed,
paraffin-embedded tissues. Four-micrometer-thick sec-
tions were cut from each paraffin block, dewaxed in
xylene, rinsed in graded ethanol, and rehydrated in
double-distilled water. The sections were then treated
with 3% H,0, for 5 min at room temperature to block
endogenous peroxidase activity. For antigen retrieval,
slides were pretreated by steaming in sodium citrate
buffer (10 mM sodium citrate, pH 6.0) for 15 min at
100°C. After washing with phosphate-buffered saline
for 3 min, the sections were manually immunostained
with an anti-human IGFBP-2 mouse monoclonal anti-
body (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) at 1:400 dilution with standard avidin-biotin-
peroxidase. Staining for IGFBP-2 was scored manually
for the percentage of positive cells. We chose the five
most heavily stained high-resolution fields under <200
magnification, determined the percentage of the posi-

tive cells, and calculated the average of the percentages.
Five categories were used to assess the staining intensity:
0, no positive staining cells; 1, 1%-10% positive stain-
ing cells; 2, 11%-30%; 3, 31%-60%; 4, >60% positive
staining cells.

Statistical Analysis

SPSS statistical software for Windows 13.0 (SPSS Inc.,
Chicago, IL, USA) was used for all statistical analyses.
Differences in plasma IGFBP-2 levels between control
subjects and glioma patients and among glioma patients
were assessed using a two-sample #-test. Correlations
between plasma IGFBP-2 levels and tumor size and
between immunostaining and preoperative plasma
IGFBP-2 levels analyzed case by case were assessed by
Pearson correlation analysis. When immunostaining
and preoperative plasma IGFBP-2 levels were analyzed
by grading group, an independent-sample #-test was used
for difference comparison. Cox regression was used to
correlate plasma IGFBP-2 with DFS while adjusting for
clinicopathologic variables. Receiver-operator charac-
teristic (ROC) analysis was used to determine specificity
and sensitivity of plasma IGFBP-2 levels for prediction
of survival. DFS in the two groups was compared using
the Kaplan-Meier plotting method. Significance of dif-
ferences in DFS between the two groups was calculated
using the log-rank test. We defined p < 0.05 as signifi-
cant. All tests were two-sided.

Results

Elevated Preoperative Plasma IGFBP-2 Levels
in High-Grade Gliomas

Characteristics of the study population (55 healthy sub-
jects and 196 patients) and clinicopathologic variables
of the patients are summarized in Table 1. We found
that the preoperative plasma IGFBP-2 levels did not vary

Table 1. Characteristics of the study population and clinicopathologic variables of glioma patients

Subject Group
Characteristic Normal Grade I Grade Il Grade IV
n 55 81 43 72
Male/female ratio 1.39 1.38 1.75 1.69
Age (years), mean = SD 42.10 = 8.80 40.93 *= 10.58 42.89 = 11.76 44.84 = 12.20
Preoperative KPS score, mean * SD 80.78 = 11.22 79.55 = 10.34 76.55 = 9.79
Extent of resection, mean * SD? 1.7 =04 1.6 + 05 1.5+ 0.5

Tumor size (cm3), mean = SD
(% patients with imaging data)
Patients with follow-up, n (%)
Median follow-up, weeks
Deaths, n (%)
Recurrences, n (%)
Disease-free survival (weeks), mean = SD

80.7 = 72.5(9.8%)

39.3 = 51.0(14%) 55.0 = 41.5 (44%)

50 (61.7%) 33 (76.7%) 52 (72%)
67.3 83.3 84.5
4 (8%) 7 (21.2%) 19 (36.5%)
2 (4%) 8 (24.2%) 32 (61.5%)
53.28 * 24.66 49.2 = 24.81

“Tumor resection categories: 1, gross total resection; 2, partial removal with residual tumor <30%; 3, residual tumor >30% or biopsy.
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Fig. 1. Levels of plasma insulin-like growth factor binding protein 2 (IGFBP-2) in 55 healthy control subjects and 196 patients with gliomas.
In these box plots, the box indicates interquartile range; the center bar, median; +, mean; whiskers, data range; and dots, outliers.

significantly with age and sex in both the control and the
patient groups, as reported previously,®” nor did it vary
significantly with preoperative KPS score for glioma
patients.

As shown in Fig. 1, we found that preoperative
IGFBP-2 levels in plasma were significantly higher in
patients with high-grade glioma (mean + SD: grade
111, 586.7 = 174.0 ng/ml; GBM, 622.3 = 201.6 ng/ml)
than in healthy controls (458.68 = 91.41 ng/ml; p <
0.001). Eighty-one percent (58 of 72) of GBM patients
had IGFBP-2 levels above the mean level of healthy
controls, and 61% (44 of 72) of GBM patients had
IGFBP-2 levels higher than the upper limit of control
levels. We also found a significant increase in preopera-
tive plasma IGFBP-2 levels in patients with high-grade
versus low-grade glioma (p < 0.001), consistent with
previous reports of higher IGFBP-2 levels in advanced
tumor tissues compared with low-grade gliomas.!>!3 In
contrast, we observed no significant differences in pre-
operative plasma IGFBP-2 levels between patients with
low-grade (grade II) glioma (mean, 478.13 ng/ml) and
healthy controls (p = 0.369) or between patients with
grade III glioma and GBM (p = 0.314; Fig. 1). The find-
ings suggest that the preoperative plasma IGFBP-2 level
can distinguish between high-grade glioma patients and
low-grade glioma patients and healthy subjects.

Correlation between Plasma IGFBP-2 Levels
and GBM Recurrence

We further assessed any change in plasma IGFBP-2 lev-
els before and after GBM recurrence. We found that
the plasma IGFBP-2 levels increased significantly after
recurrence compared with the levels before surgery

(n=12;p = 0.010) and after two-cycle adjuvant chemo-
therapy without recurrence (7 = 15; p < 0.001). Plasma
IGFBP-2 levels after surgery followed by two-cycle che-
motherapy without recurrence were slightly lower than
levels before surgery (n = 20; p = 0.212; Fig. 2A-C).
The change in plasma IGFBP-2 levels before surgery and
after recurrence was significantly correlated with GBM
recurrence (p = 0.002), suggesting that the preoperative
plasma IGFBP-2 level could be predictive of GBM recur-
rence after surgery.

Prediction of Preoperative Plasma IGFBP-2 Levels
for Prognosis

To determine the prognostic value of the plasma IGFBP-2
levels for GBM patients, we assessed 52 GBM cases using
univariate Cox regression analysis. We found that the
preoperative IGFBP-2 levels in plasma were correlated
with DFS in patients with GBM (p = 0.007). Taking into
account the impact of standard clinical prognostic fac-
tors—such as age, gender, preoperative KPS, and extent
of surgery—on DFS, we conducted both univariate and
multivariate Cox regression analyses. As shown in Table
2, the multivariate analysis revealed that the preopera-
tive plasma IGFBP-2 level was a significant prognostic
factor in GBM patients, independent of the conventional
clinical variables (hazard ratio [HR], 1.404; 95% confi-
dence interval [CI], 1.078-1.828; p = 0.012). Age, gen-
der, preoperative KPS, and extent of surgery were not
associated with DFS in GBM in this study.

We thus assessed the discriminative value of preoper-
ative plasma IGFBP-2 levels for survival of patients with
GBM using Kaplan-Meier analysis. The mean IGFBP-2
level in 52 GBM patients analyzed was 647.2 ng/ml, so

NEURO-ONCGOLOGY - OCTOBER 2009 471



Lin et al.: Plasma IGFBP-2 for clinical outcomes of gliomas

A B C

1200— 1200— 1200

1000—| 1000— 1000—
£ £ £
5 800— l S 800— S 800—
£ £ £
o Qq o T
o o '8
g 00| 3 600 8 g0 l
Q Q 9
© © ©
% = 5 % 400
2 400— " e 400— ok —

710.7) 650.0
200— 200— 200—
B Preoperation After recurrence 2cyclechemo  After recurrence Preoperation 2 cycle chemo
N=12, p=0.010 N=15, p<0.001 N=20, p=0.212

Fig. 2. Comparison of levels of plasma insulin-like growth factor binding protein 2 (IGFBP-2) before and after recurrence in 27 patients with
glioblastoma multiforme. (A) Before surgery (mean = SD, 710.7 * 257.1 ng/ml) and after recurrence (926.5 + 169.8 ng/ml). (B) After two-
cycle adjuvant chemotherapy without recurrence (635.9 = 154.4 ng/ml) and after recurrence (935.8 * 200.0 ng/ml). (C) Before surgery
(650.0 = 240.4 ng/ml) and after two-cycle adjuvant chemotherapy without recurrence (575.7 * 156.3 ng/ml).

we used a level of 650 ng/ml as the cutoff point to divide
the GBM patients into two subgroups. We found that
the preoperative plasma IGFBP-2 level could signifi-
cantly discriminate the survival of the two GBM sub-
groups, with a mean DFS of 47.7 weeks (median DFS,
42.9 weeks; 95% CI, 35.4-50.3 weeks) versus a mean of
76.5 weeks (median DFS, 94.3 weeks; 95% CI, 36.9-
151.7 weeks; HR, 1.48; p = 0.007; Fig. 3A).

We then used all 52 GBM cases to construct the ROC
curve to evaluate prognostic performance of the preop-
erative plasma IGFBP-2 level for GBM patients. The
mean DFS of the 52 cases was 367 days (no patient died
between 360 and 367 days), so we used 360 days (1 year)
as a time horizon. Patients with DFS longer than 1 year
were assigned as long-survival cases, and those with DFS
shorter than 1 year as short-survival cases. For patients
who did not have recurrent tumors, DFS was calculated
from the date of surgery to the last follow-up date. Based
on the ROC curve, we found that at the mean preopera-
tive plasma IGFBP-2 level (650 ng/ml), the discriminative
power reached 80% specificity and 62% sensitivity (Fig.
3B). Patients with elevated preoperative plasma IGFBP-2

Table 2. Predictors for disease-free survival in 52 GBM patients

Univariate Analysis

levels (=650 ng/ml) had significantly poorer DFS com-
pared with patients with lower IGFBP-2 levels.

Correlation between Plasma IGFBP-2 Levels and
Tumor IGFBP-2 Expression

To examine the consistency of IGFBP-2 levels in tumor
and plasma, we measured IGFBP-2 levels in tumor speci-
mens from 50 patients (20 with grade IT glioma, 15 with
grade III glioma, and 15 with GBM) using immuno-
histochemical analysis and compared them with their
preoperative plasma IGFBP-2 levels. Representative
immunohistochemical staining of IGFBP-2 in gliomas is
illustrated in Fig. 4. We did not observe a strict correla-
tion between immunostaining and preoperative plasma
IGFBP-2 levels when conducted on a case-by-case analy-
sis, but when levels were analyzed by grading group, we
found significantly higher immunostained and preopera-
tive plasma IGFBP-2 levels in high-grade gliomas than in
low-grade gliomas (p < 0.001). Immunostained IGFBP-2
levels were lower in grade II than in grade III gliomas
(p = 0.028) and lower in grade III than in GBM speci-

Multivariate Analysis

Variable Value p-Value Hazard Ratio (95% Cl) p-Value
Age (years), mean = SD 4432 £ 1254 0.781 0.996 (0.950-1.043) 0.850
Gender, n (%)
Male 36 (69.2%) 0.463 0.638 (0.185-2.194) 0.476
Female 16 (30.8%)
KPS 78.00 = 8.93 0.099 0.411 (0.149-1.131) 0.085
Extent of resection, mean = SD? 1.41 = 0.50 0.858 1.456 (0.497-4.269) 0.494
Plasma IGFBP-2, mean = SD 647.18 = 214.15 0.007 1.404 (1.078-1.828) 0.012

#Tumor resection categories: 1, gross total resection; 2, partial removal with residual tumor <30%; 3, residual tumor >30% or biopsy.
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Fig. 3. Discriminative assessment of levels of preoperative plasma insulin-like growth factor binding protein 2 (IGFBP-2) for disease-free sur-
vival (DFS) in glioblastoma multiforme (GBM) patients. (A) Relationship between preoperative plasma IGFBP-2 level and DFS. Kaplan-Meier
survival analysis and a log-rank test showed that GBM patients with high preoperative plasma IGFBP-2 (=650 ng/ml) had a significantly
worse DFS than did GBM patients with low preoperative plasma IGFBP-2 (<650 ng/ml; p = 0.012). (B) Receiver-operator characteristic
curve analysis of preoperative plasma IGFBP-2 level. In 52 GBM patients, at the mean level (650 ng/ml) of preoperative plasma IGFBP-2,
the discriminative power reached 62% sensitivity and 80% specificity for short-survival cases (<1 year) versus long-survival cases (=1
year). AUC, area under the curve.

mens (p = 0.001; Fig. 5). However, no significant differ-  Association between Plasma IGFBP-2 Levels and
ence in preoperative plasma IGFBP-2 levels was observed Tumor Volume

between grade I1I glioma and GBM, as described previ- ,
ously (p = 0.314). We also examined whether plasma IGFBP-2 levels were

associated with tumor volume. We measured tumor
volume on MRI scans of 32 patients with high-grade
gliomas and found no significant association between
The time of blood collection could introduce a variation =~ Preoperative plasrpa IGFBP-2 kvels and tumor volume
in plasma IGFBP-2 levels. We thus measured the IGFBP-2 (P = 0.503). In this patient series, 11 cases had tumors
levels in a series of plasma samples from healthy volun- larger than 5 cm.

teers collected before and after breakfast, after lunch,

and after dinner. We found a negligible Variab%lity in Discussion

plasma IGFBP-2 levels (445.6—459.9 ng/ml) during the
day, which was consistent with a previous report that
plasma IGFBP-2 levels are stable during the day.?®

Stability of Plasma IGFBP-2 Levels during the Day

To our knowledge, our results present the first evidence
that preoperative plasma IGFBP-2 levels differ between
high-grade glioma patients and low-grade glioma

Fig. 4. Photographs of immunohistochemical staining of insulin-like growth factor binding protein 2 in different grades of gliomas. Positive
cells are stained brown. (A) Diffuse astrocytoma (WHO grade II). (B) Anaplastic astrocytoma (WHO grade I1I). (C) Glioblastoma multi-
forme (WHO grade V). Magnification, X200.
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Fig. 5. Tissue insulin-like growth factor binding protein 2 (IGFBP-2) expression levels in glioma tumors. Significant differences were observed
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patients or healthy subjects and that higher levels are sta-
tistically correlated with recurrence and DFS in GBM.
However, we did not find that preoperative plasma
IGFBP-2 levels differed between patients with low-grade
glioma and healthy subjects, which is consistent with
previous reports of IGFBP-2 expression in normal brain
and glioma tumor tissues.'’!2 IGFBP-2 levels have been
reported to be higher in GBM than in grade III glioma
tissues,! 1227 but we observed no significant difference
in plasma IGFBP-2 levels between grade III glioma and
GBM. The lack of significant difference might be due to
the heterogeneous origins of the grade I1I gliomas, which
consist of three subtypes: AAs, AOs, and AOAs. These
subtypes may exhibit differential expression of IGFBP-2.
Thus, we performed a subset analysis of these subtypes
of grade III glioma compared with GBM, but we still did
not observe any significant difference in plasma IGFBP-2
levels between each grade III glioma subtype and GBM.
One possible scenario for the difference in levels is that
IGFBP-2 protein is overexpressed and secreted into
blood in both grade IIT gliomas and GBM but that, in
GBM, IGFBP-2 is also retained in the cells and tissues
because of its binding to proteins such as integrin and
other extracellular matrix proteins. Another possibility
is that grade III gliomas and GBM cause some other sys-
temic response, such as inflammatory reaction, that may
affect the plasma IGFBP-2 level.

We also found a significant increase in plasma
IGFBP-2 levels after GBM recurrence compared with
levels before surgery and with levels after two-cycle
adjuvant chemotherapy without recurrence, and a cor-
relation between recurrence and the change in plasma
levels of IGFBP-2 before and after recurrence. These
observations suggest that the preoperative IGFBP-2 level
in plasma can be a predictor for GBM recurrence and
that the change in plasma IGFBP-2 levels can be used to
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monitor tumor progression after surgery. As described
above, we did not observe the correlation between the
preoperative plasma IGFBP-2 level and the quantitative
immunostaining of IGFBP-2 in a case-by-case analysis,
but the preoperative plasma IGFBP-2 levels could predict
recurrence, suggesting that the secreted form of IGFBP-2
more strongly affects the tumor recurrence than does the
nonsecreted one.

In this study population, we found no effects of
age, sex, or preoperative KPS on preoperative plasma
IGFBP-2 levels. Of our patients, 94% were younger than
60 years (range, 14—66 years); 15 subjects were older
than 60 years, and 8 were younger than 20 years. It has
been reported that circulating IGFBP-2 levels do not vary
significantly in persons younger than 60 years,?® which
is consistent with our finding. Furthermore, because we
assessed a relatively young population, the majority of
the patients (79% with grade II, 68% with grade III,
and 63% with GBM) had KPS scores greater than 80,
which raised the question of whether the lack of effect
of preoperative KPS on the preoperative plasma IGFBP-2
levels was due to good KPS scores or because plasma
IGFBP-2 levels are indeed independent of patient KPS.
Therefore, a larger population with a broader age range
is needed to confirm these findings.

We also found that preoperative plasma IGFBP-2
levels were correlated with DFS of GBM patients, inde-
pendent of common clinical prognostic factors such as
age, sex, preoperative KPS, and extent of tumor resec-
tion, and that levels discriminated the GBM patients
into distinctive prognostic subgroups, suggesting that a
molecular surrogate marker such as the plasma IGFBP-2
level can supplement current WHO histologic grading
of GBM tumors, which cause highly variable survival
times, for a more accurate prediction of survival. We
did not find any correlation of age, KPS, and extent of



tumor resection and DFS of GBM patients in this study.
Among the 52 GBM patients we included in the multi-
variate Cox analysis, only 27 patients had both imaging
and DFS data available, so we could not include the vari-
able of tumor size for the multivariate analysis. Based on
the 32 GBM cases we used for the correlation analysis
between preoperative plasma IGFBP-2 level and tumor
size, we did not find any correlation between the preop-
erative plasma IGFBP-2 level and tumor size of GBM.
However, in the future, if we collect more cases with
both imaging and DFS data available, we should con-
duct the multivariate analysis to assess whether tumor
size affects the prognostic value of the preoperative
plasma IGFBP-2 level.

In summary, plasma IGFBP-2 levels have the poten-
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tial to be used as a surrogate plasma biomarker for
follow-up of progression and survival in high-grade
gliomas. A larger and broader population with an extended
follow-up will be needed to validate these findings.
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