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Abstract
Purpose

The clinical benefit of bevacizumab (Bev) in glioblastoma (GBM) is typically transient, as tumors develop
adaptive resistance characterized by an infiltrative shift from angiogenesis dependent growth. This study
investigated Annexin A2 (ANXAZ2), a regulator of both angiogenesis and invasion, as a potential mediator
of Bev resistance.

Methods

We analyzed 66 tissue-specimens from 33 GBM patients using quantitative real-time PCR and
immunohistochemistry/immunofluorescence. The cohort included 15 Bev-naive cases and 18
neoadjuvant Bev (neoBev) cases. 33 refractory specimens-including unique paired samples from the
same patients at different treatment phases (initial resection vs. refractory stage) were evaluated to
correlate ANXA2 expression levels with progression-free survival (PFS), overall survival (0S), and MRI
recurrence patterns.

Results

Multivariate analysis identified high ANXA2 expression as a significant independent poor prognostic
factor for both PFS and OS. In the neoBev group, patients with low ANXA2 mRNA expression levels
demonstrated significantly superior survival outcome compared to those with high expression. While
ANXA2 mRNA levels tended to increase at the refractory stage, a significant negative correlation was
observed between the number of Bev cycles and ANXA2 expression levels. Histopathological analyses
revealed intense ANXA2 expression in the vascular endothelial cells and stroma at the GBM leading
edge, co-localization with the hypoxia marker hypoxia-inducible factor-1a.

Conclusions

ANXAZ2 is a key mediator of the adaptive transition from an angiogenic to infiltrative phenotype with Bev
therapy. These findings suggest that ANXA2 serves as a robust predictive biomarker for Bev clinical
benefit, and represents a promising therapeutic target for overcoming adaptive resistance in GBM.

Introduction

Glioblastoma (GBM) is the most malignant type of brain tumor, characterized by rapid progression and
poor prognosis [1]. Bevacizumab (Bev) is approved as a standard treatment for GBM, particularly at
recurrence. However, phase 3 trials have shown that Bev does not significantly improve overall survival
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(0S) in primary GBM. Despite resulting in substantial tumor volume reduction, its therapeutic effects are
transient [2, 3].

Reflecting Japan’s unique approval of Bev for newly diagnosed GBM, we have previously investigated
resistance mechanisms- including vascular endothelial growth factor (VEGF), tumor oxygenation,
stemness, and immunoregulatory profiles- using paired surgical and autopsy specimens from patients
naive to, treated with, and refractory to Bev [4-10]. While Bev can effectively suppress angiogenesis, it
may paradoxically promote tumor invasion, limiting long-term efficacy. Matrix metalloproteinases
(MMPs), particularly MMP2 and MMP9, have been identified as prognostic indicators following Bev
therapy, with elevated expression levels correlating with worse survival outcomes, suggesting a
mechanistic link between anti-angiogenic treatment and invasive escape [11, 12]. Radiological studies
have shown that recurrence patterns, specifically contrast-enhanced T1-weighted image with gadolinium
contrast (T1-Gd) lesions versus T2 diffuse infiltration, are associated with different survival outcomes
[13].

In GBM biology, angiogenesis and invasion operate as complementary processes [14]; consequently,
prolonged bevacizumab exposure inevitably triggers a compensatory phenotypic shift from
angiogenesis-dependent growth toward infiltrative escape [15, 16]. Elucidating the molecular drivers
governing both modalities is therefore paramount to understanding adaptive resistance. Annexin A2
(ANXAZ2) is frequently overexpressed and has been associated with increased invasiveness, epithelial-
mesenchymal transition (EMT), and poor clinical outcomes in GBM [17, 18] Functionally, ANXA2
facilitates extracellular matrix degradation by activating plasminogen and downstream MMP2 and
MMP9, known contributors to GBM invasion [19, 20]. Given its dual role of upstream regulation in both
angiogenesis and invasion, we hypothesized that ANXAZ2 is potentially a more reliable predictive
biomarker than well-known invasion molecules, including MMP2, MMP?9, tissue inhibitor of
metalloproteinase (TIMP-1), and plasminogen activator inhibitor (PAI-1) [21, 22], and underlie the
observed adaptive resistance to Bev in GBM.

We utilize a globally unique cohort of neoadjuvant Bev-treated (neoBev) and paired longitudinal
specimens to clarify how ANXA2-mediated invasiveness drives Bev resistance and dictates clinical
outcomes.

Materials and Methods
Patient eligibility and sample collection

This study used 66 GBM tissues from 33 patients obtained from three different settings: 18 resected
after neoBev administration (during Bev response; neoBev group), 15 newly diagnosed GBM without any
previous treatment (naive Bev group), and 33 recurrent GBM after Bev administration (refractory Bev
group). The refractory Bev group included 22 autopsy and 11 salvage surgery speciments (Fig. 1).
Patient selection was conducted in accordance with the inclusion and exclusion criteria of a previous
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phase Il study [8]. As paired specimens from the same patient, 29 naive-refractory Bev specimens from
15 cases (including 11 autopsy and four salvage surgery) and 18 neoBev-refractory Bev specimens from
18 cases (including 11 autopsy and seven salvage surgery) were obtained. The baseline characteristics
and treatment profiles of the patients are shown in Table 1 and Supplementary TableS1.

Table 1 Baseline characteristic of patients

Treatment protocol

All neoBev patients were treated with preoperative neoBev at 10 mg/kg on day 0. Surgical resection was
performed 3 to 4 weeks after neoBev administration. Maintenance treatment with temozolomide (TMZ2)
began 4 weeks after the completion of radiotherapy at a starting dose of 150 mg/m? for five consecutive
days of a 28-day cycle. All newly diagnosed GBM patients (naive Bev) were treated with a concomitant
Stupp regimen and Bev at 10 mg/kg every two weeks after surgical resection [9, 10].

Study oversight

The study protocol was approved by the institutional review boards of Keio University School of Medicine
(N20050002), The Jikei University School of Medicine (JKI 018-052), and Kagawa University School of
Medicine (2018KH046), and conducted in accordance with the Declaration of Helsinki. Written informed
consent was obtained from all participants.

RNA extraction, complementary DNA (cDNA) synthesis, and
quantitative real-time PCR (qQRT-PCR)

Total RNA was extracted from formalin-fixed paraffin-embedded (FFPE) tissue samples using the
NucleoSpin totalRNA FFPE kit (Takara Bio Inc., Shiga, Japan) and quantified with a NanoDrop Lite Plus
spectrophotometer (Thermo Fisher Scientific K.K., Tokyo, Japan). Because of the fragmented nature of
RNA derived from FFPE samples, RNA quality was not evaluated by RNA integrity number. Instead,
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and beta-actin (ACTR), commonly used
housekeeping genes, were employed as internal controls to normalize gene expression levels in the qRT-
PCR analysis. Next, cDNA was synthesized from total RNA using the PrimeScript™ Il 1st Strand cDNA
Synthesis Kit (Takara Bio Inc.) with a TaKaRa PCR Thermal Cycler (Takara Bio Inc.) following the
manufacturer’s protocol.

gRT-PCR was conducted using PowerUp™ SYBR™ Green Master Mix (Thermo Fisher Scientific K.K.) on an
Applied Biosystems ViiA™ 7 Real-Time PCR System (Thermo Fisher Scientific K.K.). The thermal cycling
conditions were as follows: 95°C for 2 minutes, followed by 40 cycles of 95°C for 15 s and 60°C for 1
minute. Gene expression levels were analyzed using the comparative cycle threshold (ACt) method.
GAPDH and ACT were used as internal control genes to ensure robust normalization. Gene-specific
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primers for ANXA2 were synthesized by Eurofins Genomics K.K. (Tokyo, Japan) [23] (Supplementary
TableS2). For each sample, Ct values for the target and internal control genes were determined. The ACt
value was calculated as follows:

CtGAPDH+CtACTS
2

ACt= Ct'(arget gene ~

2-ACt

The relative expression level of ANXA2 was calculated using the method.

For statistical analysis, the relative expression values were transformed into a base - 10 logarithmic
scale as follows:

logy0(272%") = -ACt-log(2)

Log-transformed expression values were used for all statistical analyses. ANXA2 expression levels were
dichotomized into high and low groups relative to the median value.

Immunohistochemistry (IHC) and immunofluorescence (IF)

To evaluate ANXAZ2 protein expression, 3-um FFPE tissue sections underwent microwave antigen
retrieval in 10 mM citrate buffer (pH 6.0) [9]. After blocking with 2.5% normal horse serum (ImmPress
Detection Systems, Vector Laboratories, Newark, CA, USA) for 1 hour at room temperature, sections were
incubated overnight at 4°C with an anti-ANXA2 primary antibody (1:200, sc-28385, Santa Cruz
Biotechnology, TX, USA). Immunostaining within the tumor core and leading-edge areas was evaluated at
400x magnification by three neurosurgeons and one neuropathologist [24].

For spatial distribution analysis, triple-label IF was performed for ANXA2, hypoxia-inducible factor
(HIF)-1a, and CD133. Following blocking, sections were incubated overnight at 4°C with primary
antibodies against ANXA2, HIF-1a (1:50, AF1935, R&D Systems, Minneapolis, MN, USA), and CD133
(1:50, 18470-1-AP, Proteintech, Rosemont, IL, USA). Signals were visualized using Alexa Fluor 555- (red),
488- (green), and 647-conjugated (far-red/magenta) secondary antibodies (ImmPRESS HRP KIT; Anti-
MOUSE IgG for ANXA2, Anti-GOAT IgG for HIF-1q, Anti-RABBIT IgG; Vector Laboratories, CA, USA), with
DAPI counterstaining for nuclei. Endogenous autofluorescence was mitigated using the Vector TrueView
Autofluorescence Quenching Kit (SP-8500, Vector Laboratories) for 5 minutes. Confocal images were
captured via sequential laser scanning (405/488/555/647 nm) to eliminate spectral crosstalk.

Recurrence magnetic resonance imaging (MRI) pattern and
modified Response Assessment in Neuro-Oncology
(RANO) 2.0

All patients were followed up regularly with MRI. The recurrence MRI pattern was classified into three
settings: cT1-flare up, T2 diffuse, and T2 circumscribed [9, 13, 25]. The reduction rates (RR) of T1 and
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T2/FLAIR were calculated and evaluated by neurosurgeons. The modified RANO 2.0 (mRANO 2.0)
criteria were applied to assess radiological response in GBM patients, incorporating both contrast-
enhancing (T1-Gd) and non-enhancing (FLAIR) MRI features, alongside clinical and steroidal parameters
[26]. In this study, the clinical status and steroid dosage changes were assumed to be stable. The
classification in the neoBev group is shown in Supplementary TableS3.

Statistical analyses

Baseline patient characteristics were compared using the Mann-Whitney U, Fisher’s exact, or x2 tests.
Progression-free survival (PFS) and OS were estimated via Kaplan- Meier analysis and compared using
the log-rank test. Multivariable Cox proportional hazards regression models -adjusting for age, sex,
extent of resection, and cumulative TMZ and Bev cycles- were employed to determine independent
prognostic factors.

For paired continuous data from identical patients, ANXA2 expression levels were compared using the
Wilcoxon signed-rank test. Correlations between cumulative Bev cycles and ANXA2 expression were
evaluated using Spearman’s rank correlation coefficient, with dose subgroups (0-10, 11-20, and > 21)
compared via the Kruskal-Wallis test. The Kruskal-Wallis test was also applied to analyze expression
levels across recurrence MRI patterns. Missing survival data were handled by case-wise deletion.
Statistical analyses and graphing were performed using GraphPad Prism 11 and IBM SPSS Statistics.
Two-sided P < 0.05 was considered statistically significant. This study was not randomized.

Results

Patient characteristics

The patient characteristics are summarized in Table 1 and Supplementary TableS1. Multivariate Cox
regression analysis showed that neoBev was independently associated with longer PFS (hazard ratio
(HR): 0.33, P=0.010), but not OS (Supplementary TableS4). Independent factors for OS included male
sex (P =0.025) and longer TMZ exposure (P = 0.031). Notably, high ANXA2 mRNA expression levels
remained a robust independent prognostic factor for both shorter PFS (HR: 2.85, P = 0.028) and shorter
OS (HR: 3.12, P=0.015) (Supplementary TableS4).

Comparative analyses using paired samples

To validate the ANXA2 mRNA expression level results, paired samples obtained from naive-refractory
Bev and neoBev-refractory Bev cases were compared. No significant differences in ANXA2 mRNA
expression levels were observed (P = 0.244 and 0.205, respectively), although both comparisons showed
a trend toward increased expression levels in the refractory setting (Fig. 2a).
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Dose-dependent ANXA2 mRNA expression changes with
Bev treatment

Next, we performed linear regression analyses between the log-transformed ANXA2 mRNA expression
levels and total number of Bev treatment cycles. Rather than separating the data into naive and neoBev
groups, all samples were analyzed as a single cohort. Notably, a significant negative correlation was
found, with ANXA2 mRNA expression levels decreasing with increasing Bev exposure (r =-0.456, P =
0.009) (Fig. 2b).

To assess the impact of cumulative Bev administrations on the ANXA2 mRNA expression profiles, we
stratified the patients by treatment cycle count into three groups (0-10, 11-20, = 21 cycles). Then, log-
transformed ANXA2 mRNA expression levels were observed when comparing the three groups, with
expression significantly decreased in the 11-20 dose group compared with the < 10 dose group (P =
0.017). Additionally, patients receiving more than 20 bevacizumab doses maintained lower ANXA2
mRNA expression levels compared with those receiving fewer doses (Fig. 2c).

IHC and IF analyses

ANXAZ2 protein expression levels in the tumor core and leading-edge area were evaluated by IHC staining
of the tumor stroma. ANXA2 showed cytoplasmic expression in neoplastic glial cells and was also
detected within the stromal compartment in the tumor core, with vascular endothelial cells
demonstrating prominent cytoplasmic ANXA2 expression at the leading edge (Fig. 3a). Only a small
subset of reactive astrocytes exhibited positive ANXA2 IHC staining. Representative single channel IF
images of DAPI (nuclei; blue), HIF-1a (nuclear/cytoplasmic; green), ANXA2 (cytoplasmic with additional
stromal signal; red), and CD133 (membranous/punctate; magenta) staining are shown (Fig. 3b), along
with merged images from the tumor core and leading edge (Fig. 3c). Neither the IHC nor IF assays
revealed notable differences in HIF-1a, ANXA2, and CD133 protein staining patterns between the naive
Bev and neoBev groups. However, HIF-1a protein expression was almost absent at the leading-edge
area.

Molecular profiles vary across recurrence MRI patterns
and mRANO 2.0 analysis

Within each MRI recurrence patterns (cT1-flare up, T2 circumscribed, and T2 diffuse), ANXA2 expression
did not differ significantly between the naive and neoBev groups (P =0.911 and P = 0.882, respectively;
Supplementary Fig.S1a). A total of 18 patients in the neoBev group were evaluated using the mRANO
2.0 criteria: four patients were classified as partial response, 13 as stable disease, and one as
progressive disease (Supplementary TableS3). Kaplan-Meier analysis showed no statistically significant
differences in PFS or OS among the three response groups (Supplementary Fig.S1b).

Survival outcomes and ANXA2 expression patterns
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ANXA2 mRNA expression levels were dichotomized relative to the median value. No statistically
significant difference in PFS was observed between the high- and low-ANXA2 expression groups (6.5
months vs. 7.5 months in naive Bev and 6.7 months vs. 9.9 months in neoBey, respectively). However, 0S
was statistically significantly longer in the low-ANXA2 expression group (18.0 months vs. 21.8 months in
naive Bev and 10.9 months vs. 19.9 months in neoBev; P = 0.003) (Supplementary Fig.S3,
Supplementary TableS5). A subgroup analysis of PFS revealed that although no significant difference
was observed between the high-ANXA2 expression neoBev and naive Bev subgroups, the naive Bev high-
ANXA?2 expression group showed a trend toward longer PFS, with a subset of patients demonstrating
prolonged PFS beyond the median. In contrast, among patients in the low-ANXA2 expression group,
those treated with neoBev demonstrated significantly longer PFS compared with those in the naive Bev
group (P =0.006). Furthermore, within the neoBev cohort, low ANXA2 expression was associated with
significantly prolonged PFS compared with high expression (P = 0.034) (Fig. 4a). For OS, the neoBev
high-ANXA2 expression group had significantly worse OS than the naive Bev high-ANXA2 expression
group (P =0.029). In contrast, no significant difference in OS was observed between the low-ANXA2
expression groups in the naive Bev and neoBev patient groups. Within the neoBev cohort, patients with
low ANXA2 expression achieved significantly longer OS compared with those with high expression (P =
0.004). No significant difference in OS was observed between the naive Bev high-ANXA2 expression
group and neoBev low-ANXA2 expression group (Fig. 4b). Consistent with these findings, pairwise
comparisons of HRs across the treatment and expression subgroups further clarified these prognostic
differences (Supplementary TableS6). In a comprehensive analysis using the neoBev low-ANXA2
expression group as a benchmark, the neoBev high-ANXA2 expression group exhibited a markedly
elevated risk of death (OS HR: 2.701, 95% confidence interval: 0.953-7.660, P = 0.061), whereas the risk
profile of the naive Bev groups were less pronounced relative to that of neoBev low-ANXA2 expression
cohort (Supplementary TableS7).

Discussion

Leveraging a globally unique cohort of neoadjuvant bevacizumab-treated (neoBev) glioblastoma
specimens exclusively available in Japan, this study provides novel insights into the molecular dynamics
induced by anti-angiogenic therapy. Despite baseline clinical disadvantages in the neoBev cohort-
including advanced age and limited treatment exposure- neoBev remained independently associated
with prolonged PFS. Intriguingly, while bevacizumab treatment typically downregulates ANXA?2, elevated
expression persisted in a subset of neoBev patients, correlating with significantly compromised PFS and
0S. These findings establish ANXA2 not merely as a prognostic indicator, but as a critical molecular
driver of resistance-associated infiltrative escape.

ANXAZ2 regulates plasmin generation and activates downstream MMPs, such as MMP2 and MMP9, to

promote angiogenesis and extracellular matrix degradation [27]. With Bev therapy, GBM may shift from

angiogenesis-dependent growth toward an invasion-driven phenotype [28], a transition in which the

ANXA2-plasmin-MMP axis is likely involved [14]. Its roles in neoangiogenesis and matrix remodeling

further support this adaptive mechanism [29—-33]. Furthermore, ANXAZ2 is directly regulated by HIF-1a
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through a hypoxia-responsive element [34]. It can also stabilize HIF-1q, creating a positive feedback loop
that supports tumor progression [33]. Additionally, the ANXA2-mediated signaling axis has been
implicated in driving mesenchymal phenotypic changes and adaptive resistance to anti-angiogenic
therapy in GBM [35]. Given that the phenotypic balance between angiogenesis and invasion determines
the therapeutic efficacy of Bev, the present study highlights the critical importance of monitoring ANXA2
regulation under Bev treatment.

The dynamic changes in the angiogenic and invasive phenotypes of GBM during Bev therapy are shown
in Fig. 5. ANXA2 plays a potentially pivotal role in regulating the angiogenesis/invasion dependency for
tumor growth and Bev therapeutic efficacy in this cancer. In addition, ANXA2 contributes to glioma
stemness and resistance to radiotherapy, acting as a central mediator of invasive adaptation under anti-
VEGF treatment. Specifically, recent evidence indicates that lactylation-driven, ubiquitin-specific protease
4 mediated stabilization of ANXA2 promotes the maintenance and radioresistance of glioblastoma stem
cells, thereby reinforcing the tumor's survival scaffold [21].

While our paired analysis showed an overall trend of upregulated ANXA2 expression levels at recurrence,
we observed a dose-dependent inverse correlation between ANXA2 expression levels and the number of
Bev cycles. This suggested that maintaining low ANXA2 expression levels, thereby avoiding HIF-
1a/ANXA2 axis activation, reflects higher Bev sensitivity. Thus, Bev-induced hypoxia activates HIF-1q,
which directly upregulates ANXA2 to drive an infiltrative phenotype, thereby dictating patient survival
outcomes. Interestingly, high ANXA2 expression patterns may counteract the benefits of neoBev.
Crucially, our data demonstrated that neoBev significantly improved PFS only in the low-ANXA2
expression subgroup. This observation was further supported by our multivariate analysis
(Supplementary TableS5). Pairwise comparisons and comprehensive analysis using the neoBev low-
ANXAZ2 expression cohort as a benchmark revealed a distinct survival hierarchy, with the neoBev high-
ANXA2 expression group notably carrying a nearly 2.7-fold higher risk of death compared with the
neoBev low-ANXA2 expression group (Supplementary TablesS6 and S7). This pronounced difference
indicates that low ANXA2 expression is a prerequisite for neoBev to provide clinical benefits by
maintaining anti-angiogenic sensitivity. These findings support implementing a clinical strategy of
ANXA2-guided neoBev, where patients identified via biopsy as having low tumor ANXA2 expression
levels would benefit most.

The radiological response assessed by mRANO 2.0 did not significantly correlate with survival,
suggesting that the imaging-based response alone may not fully reflect the underlying biological
aggressiveness with Bev therapy. In addition, the ANXA2 expression patterns did not significantly differ
across MRI recurrence patterns in either the naive Bev or neoBev group. Given that anti-angiogenic
therapy can induce heterogeneous, infiltrative recurrence patterns that often elude conventional
radiographic response criteria [9, 13, 25], ANXAZ2, through its regulation of the plasmin-MMP axis and
extracellular matrix remodeling, may serve as a critical complementary molecular indicator of invasion-
driven adaptation.
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This retrospective study has limitations, including residual confounding factors such as TMZ exposure
and sex. Therefore, the observed neoBev benefit should be interpreted primarily in terms of PFS, with OS
requiring further validation. Additionally, the limited number of salvage surgical specimens may have
reduced the statistical power of this work. In conclusion, dynamic changes in ANXA2 expression levels
during Bev treatment can significantly influence patient outcomes. Reflecting Bev-induced changes,
ANXA2 can mediate both angiogenesis and tumor invasion. These results identify ANXA2 as a versatile
molecular indicator, serving as both a prognostic factor and a predictive biomarker for neoBev therapy.
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Figure 1

Clinical treatment/research flow and classification of glioblastoma (GBM) samples.

Tissue sampling flowchart for this study. A total of 66 tumor tissue specimens were obtained from 33
patients across three clinical settings: 15 tissues resected before bevacizumab (Bev) therapy (Naive Bev
group), 18 tissues resected under neoadjuvant Bev therapy (neoBev group), and recurrent tumors after
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Bev failure (refractory Bev group). For the refractory samples, 22 tissues (8 from the naive Bev cohort
and 14 from the neoBev cohort) were obtained via salvage surgery, while 44 tissues (22 from the naive
Bev cohort and 22 from the neoBev cohort) were obtained via autopsy.

Fig.2 ANXA? expression and associated with Bevacizumab exposure
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Changes in Annexin A2 (ANXAZ2) expression associated with bevacizumab (Bev) exposure.

(A) Relative ANXA2 mRNA expression levels were compared using paired tumor samples from patients
in the naive Bev group (n = 15) and those who received preoperative neoBev (n = 18), each paired with
corresponding refractory glioblastoma samples. The y-axis represents the log,,-transformed relative
expression (log,, RE) values obtained from the qRT-PCR analysis. The bars indicate the mean + standard
error of the mean. Statistical significance was assessed using the Wilcoxon signed-rank test. (B) With or
without grouping by neoBey, the correlation between the log,, RE ANXA2 expression levels and total Bev
administration cycles was assessed using Spearman’s rank correlation. (C) The three groups were
divided based on the number of Bev administration cycles (0-10, 11-20, = 21 cycles) using the Kruskal-
Wallis test followed by Dunn’s post hoc test. The y-axis represents the log,, RE levels obtained from the
gRT-PCR analysis.
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Fig.3 Histopathological features of ANXA2
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Figure 3

Immunohistochemistry (IHC) and immunofluorescence (IF) assays.

(a) The tumor core and leading-edge area was selected under high-power observational fields at 400x
magnification. IHC staining revealed ANXA2 expression in neoplastic glial cells and the stroma, with
particularly prominent cytoplasmic staining in vascular endothelial cells at the leading edge. (b) Triple-
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label IF was performed to evaluate the spatial distribution of Annexin A2 (ANXA2), hypoxia-inducible
factor (HIF)-1q, and CD133 protein expression. Representative IF images showing the sub-cellular
localization of these markers, with the nuclei counterstained with DAPI (blue). ANXA2 was primarily
localized in the cytoplasm and stroma, whereas HIF-1a showed a nuclear staining pattern. CD133 was
predominantly localized to the cell membrane.

Fig.4 Stratification of ANXA?2 levels between high/low expresdon and PF5/08%
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Annexin A2 (ANXAZ2) expression as a prognostic biomarker in glioblastoma (GBM).

GBM patients were stratified into four distinct subgroups using the treatment option and ANXA2
expression levels at initial diagnosis, defined as follows: 1) naive low expression, naive Bev with low
ANXA2 expression; 2) naive high expression, naive Bev with high ANXA2 expression; 3) neoBev low
expression, neoBev treatment with low ANXA2 expression; and 4) neoBev high expression, neoBev
treatment with high ANXA2 expression. (a) Kaplan-Meier analysis of progression-free survival (PFS) was
performed according to ANXA2 expression patterns, stratified into high and low expression groups
relative to the median value. (b) Kaplan-Meier analysis of overall survival (OS) was performed according
to ANXA2 expression patterns, stratified into high and low expression groups relative to the median
value.
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Fig. 5 Pattern of change in ANXA? during Bev therapy
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Figure 5

Pattern of Annexin A2 (ANXAZ2) expression changes during bevacizumab (Bev) therapy in glioblastoma
(GBM).

(a) ANXA2-associated poor response: highly angiogenic and highly invasive from the initial stage to the
refractory stage.
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(b) Favorable response to neoBev with persistent effect t: highly angiogenic at the initial stage and less
invasive GBM after neoBev.

(c) Favorable response to neoBev with transient effect: highly angiogenic at the initial stage and less
invasive GBM transiently after neoBev.

(d) ANXA2-mediated resistance during neoBev: less angiogenic and less invasive GBM at the initial
stage, but Bev-induced invasion observed with neoBev.

(e) ANXA2-mediated resistance during repeated Bev therapy: less angiogenic and less invasive GBM at
the initial stage, but Bev-induced invasion observed after repeated Bev therapy.

(f) Favorable response to neoBev with persistent effect: less angiogenic and less invasive GBM from the
initial stage to the refractory stage.
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