
Original Article

Prognostic factors in progressive high-
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Abstract

Purpose: Malignant high-grade gliomas are the most common and aggressive type of primary brain tumor, and the

prognosis is generally extremely poor. In this retrospective study, we analyzed the outcome of systemic treatment in

recurrent high-grade glioma patients and the impact of prognostic factors on survivals.

Methods: Data from 114 patients with recurrent high-grade glioma who received systemic treatment and followed in

our clinic between 2012 and 2018 were retrospectively analyzed. Eastern Cooperative Oncology Group (ECOG)

performance status, age, gender, histology, type of surgical resection, side effects after systemic treatment (deep vein

thrombosis, hypertension, proteinuria), IDH1 and alpha thalassemia/mental retardation syndrome X-linked (ATRX)

mutation status were investigated as prognostic factors for progression-free survival and overall survival.

Results: At the time of diagnosis, the median age was 48 (17–77) and 68% of the patients were male. Most common

pathologic subtype was glioblastoma multiforme (68%). Median follow-up duration was 9.1months (1–68months).

Median progression-free survival and overall survival were 6.2months and 8months, respectively. In multivariate anal-

ysis, ECOG PS, deep venous thrombosis and the presence of ATRX and IDH1 mutation were found to be independent

prognostic factors for progression-free survival (p< 0.05) and, ECOG PS, the presence of ATRX and IDH1 mutation for

overall survival (p< 0.05).

Conclusion: Our study is real life data and the median progression-free survival and overall survival rates are similar to

the literature. We have found ECOG PS, presence of ATRX and IDH1 mutation to be independent prognostic factors

for both progression-free survival and overall survival.
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Introduction

Malignant high-grade gliomas (HGGs) are the most
common and aggressive type of primary brain
tumors, and their prognosis is generally extremely
poor. HGG is divided into two groups; anaplastic
glioma (anaplastic astrocytoma/anaplastic oligoden-
droglioma) and glioblastoma multiforme (GBM).1

Median age at diagnosis is 64 years and it is more
common in men than women (ratio 1.3–1.6:1).
Annual incidence is three to five new cases per
100,000 population.2,3 Median expected survival time
in patients with glioblastoma is 15months. Survival
increases with decreasing tumor grade, and grade 2–3
gliomas have a median survival range from approxi-
mately 2 to 12 years according to the 2016 World
Health Organization (WHO) classification schema.4

Initial therapeutic approach for HGG is surgery.
Gross total tumor resection with preservation of neu-
rological functions is recommended for debulking,
tissue diagnosis, and also is prognostic.5 When tumor
resection is not safely feasible (e.g. location of the
tumor or impaired clinical condition of the patient), a
biopsy should be done. Fractionated localized radio-
therapy (60Gy, 30–33 fraction) is part of standard
treatment after diagnosis (after biopsy or surgery).6

In a large randomized trial, concomitant and adjuvant
temozolomide chemotherapy with radiotherapy signif-
icantly improved median, two- and five-year survival in
GBM patients. Therefore, it is the current standard of
care for GBM.7,8

Progression is nearly always fatal and treatment
options are limitedly effective. Treatment options for
progressive HGG include re-resection, re-irradiation,
stereotactic radiosurgery, temozolomide rechallenge,
lomustine, carmustine, bevacizumab alone or with
irinotecan.9

Bevacizumab is a humanized IgG1 directed against
vascular endothelial growth factor (VEGF). It has been
shown to inhibit new blood vessel formation.10 In ran-
domized controlled phase studies, it was first approved
for the treatment of metastatic colorectal patients.
Phase I and II studies reported that bevacizumab,
alone or in combination with cytotoxic agents, had
promising results in terms of treatment for recurrent
GBM.11,12 However, two randomized and placebo-
controlled phase III studies on first-line bevacizumab
treatment did not show progression-free survival (PFS)
benefit.13,14 Some patients seem to benefit from beva-
cizumab but there are no established biomarker avail-
able to identify this subgroup with improved
progression-free and/or overall survival (OS).

Isocitrate dehydrogenase (IDH) mutations and 1p/
19q codeletions are well-established prognostic factors
for gliomas.15 These two markers separated gliomas

into more biologically distinct entities than histological
classification alone. Therefore, WHO incorporated
IDH mutation and 1p/19q codeletion into an
“integrated diagnosis” in 2016 revised 4th edition of
the classification of tumors of the central nervous
system.3 IDH1 mutations have been reported by
approximately 12% in glioblastoma, are associated
with younger age and better survival and rarely seen
in older patients.16,17

Role of alpha thalassemia/mental retardation syn-
drome X-linked (ATRX) mutation has been discussed
briefly in glioma classification and prognosis. ATRX
mutations occur in almost 75% of grade 2–3 astrocy-
tomas and secondary GBM, and in 12.7% of primary
GBM. These mutations are widely distributed across
the gene and are mostly truncating and less commonly
missense mutations. Loss of ATRX protein expression
by immunohistochemistry could be used as a surrogate
marker of ATRX mutations with high sensitivity and
specificity.18–20

Beside these molecular markers, several clinical
prognostic factors were reported in the literature.
Most important prognostic factors affecting survival
outcome with HGG are age, and Karnofsky (KPS) or
ECOG performance status (PS).21,22

Although IDH1 mutation and ATRX mutation
have been well known as prognostic factors in newly
diagnosed GBM, the prognostic significance of these
mutations in progressive HGG patients have not been
clearly defined. Based on this fact, In the current study,
we aimed to evaluate prognostic factors in progressive
HGG patients who were treated with systemic
approach (bevacizumab alone or combined with
chemotherapy).

Patients and methods

Patients

Charts of a total of 125 patients with diagnosis of
HGGs treated in Marmara University Hospital
Medical Oncology Outpatient Clinic between 2012
and 2018 were reviewed. Data of 114 progressive
HGG patients who were treated with systemic treat-
ment were collected retrospectively. Inclusion criteria
were histological/cytological diagnosis of HGG,
having progresive disease after current standard of
care treatment, treated with systemic treatment (beva-
cizumab alone or with irinotecan) and having complete
medical records. Patients who did not have high-grade
or progressive disease, who did not received standard
first-line therapy and was not treated with bevacizumab
alone or with irinotecan were excluded from the study.

Systemic second-line treatment was bevacizumab
plus irinotecan in 58% of patients, and only
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bevacizumab in 42%. Bevacizumab (10mg/kg) (in

combination or alone) and irinotecan (125mg/m2)

were administered in every two weeks. All patients

were taking levetiracetam which is a non-enzyme-

induced anticonvulsant drug. Treatment responses

were evaluated every 12weeks by magnetic resonance

imaging.

Side effects

Side effects were recorded in patients receiving systemic

treatment at least once. Deep vein thrombosis (DVT)

was accepted in patients who were diagnosed by

Doppler ultrasonography. Posttreatment hypertension

was defined as blood pressure higher than 140/90mm/

Hg for measured in at least once during outpatient

visit. Proteinuria was performed and confirmed on a

spot urine examination by dipstick test. The Common

Terminology Criteria for adverse events (CTCAE), ver-

sion 5.0, was used to evaluate toxicities. Follow-up

monitoring of all patients was performed until 25

November 2018.

Prognostic factors

ECOG PS, age, gender, histology, type of surgical

resection, side effects after systemic treatment (DVT,

hypertension, proteinuria, etc.), IDH1 and ATRX

mutation status were investigated as prognostic factors

for PFS and OS.
ATRX and IDH status were evaluated by immuno-

histochemical method.
PFS was defined as the time starting from the date of

first dose of second-line systemic treatment (bevacizu-

mab or bevacizumab plus irinotecan) till radiological

progression, death or last visit date.
We also defined OS as the time starting from the

date of first dose of second-line systemic treatment

until death due to any reason or last visit date.

Statistical analysis

OS and PFS were calculated using the Kaplan–Meier

method. Prognostic factors were compared using the

log-rank test in univariate analysis. Hazard ratios

with 95% confidence intervals (CI) were also calculat-

ed. All p-values were two-sided in the tests, and

p-values of 0.05 were considered statistically signifi-

cant. Multivariate analysis was carried out using the

Cox proportional hazards model to assess the effect

of prognostic factors on PFS and OS. SPSS 22 pro-

gram was used for statistical analysis.

Results

Patients demographic and clinical characteristics

outcomes

Seventy-eight of 114 patients were male (68%) and

median age was 49 (range 17–77 years). Forty-six per-
cent of patients had maximal surgical resection. Most

common pathologic subtype was GBM (69%). Ninety-

four percent of patients received concurrent chemora-
diotherapy and followed adjuvant temozolomide after

surgery or steoratactic biopsy. Six percent of patients

received only adjuvant radiotherapy because of temo-
zolomide intolerance. Median recurrence time (time

from the start of adjuvant treatment to the date of

radiological recurrence) was 10months for all group
and 9months in GBM. After recurrence, 47 patients

were treated with local approach, either with surgery

or radiotherapy. Bevacizumab and irinotecan combina-
tion was given in 61% of patients. Both groups received

median of 10 treatments (range 1–31 in bevacizumab

only group and 1–55 cycles in combination with irino-
tecan group). Data for demographic and clinicopatho-

logic findings reviewed in Table 1.
ATRX status was assessed in 90 patients, 19 (21%)

patients had ATRX mutation (12 out of 65 patients

with GBM and 7 out of 25 patients with anaplastic

glioma). IDH1 status was studied in 89 patients,
including 64 patients with GBM and 25 patients with

anaplastic glioma. Thirteen (15%) patients had IDH1

Table 1. Demographic and clinicopathological findings.

n¼ 114 (%)

Gender

Male 78 (68)

Female 36 (32)

ECOG

ECOG (0–1) 84 (74)

ECOG (2–4) 30 (26)

Surgery

No 3 (2)

Stereotactic biopsy 22 (19)

Incomplete surgical resection 37 (33)

Maximal surgical resection 52 (46)

Pathology

GBM 79 (69)

Anaplastic glioma 35 (31)

IDH1 mutation (n¼ 89)

Mutant 13 (15)

Wild 76 (85)

ATRX mutation (n¼ 90)

Mutant 19 (21)

Wild 71 (79)

Ki 67 expression (%) (median) 25 (range 2–90)

GBM: glioblastoma multiforme.
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mutation (seven patients with GBM and six patients

with anaplastic glioma). IDH1 mutant patients were

younger compared to IDH1 wild patients (Median

age was 35 (range 27–65 years) versus 52 (range 18–

77 years)/p¼ 0.007, respectively). According to the

ATRX status, there was no difference between the

patients in terms of age distribution (p¼ 0.7). Age,

sex, WHO classification, Ki 67 level expression and

IDH mutation have been assessed for the effects on

ATRX status by the Logistic Regression. Only IDH

mutation was detected to be significantly associated

with ATRX status. We found that the probability of

ATRX mutation in IDH mutant samples was 4.1 times

higher than that in IDH wild-type samples (odds ratio:

4.1 95% CI: (1.7–16.3)/p¼ 0.04).

Survival outcomes

Median follow-up time was 9.1months (range 1–

68months). During the follow-up, 78% of the patients

progressed. After the progression, third-line treatment

was given to 17 patients. Median PFS and OS were

6.2months and 8months, respectively (Figure 1(a,b)).

Six-month PFS rate was 51% and 12-month OS rate

was 37%. Median PFS in only bevacizumab and com-

bination treatment groups were 6.7months and

5.6months, respectively. Median OS in only bevacizu-

mab and combination groups were 7.6months and

7.9months, respectively. There were no difference

between the two treatment groups in terms of PFS

and OS (p> 0.05). Initial and salvage treatment char-

acteristics and overall clinical outcomes are outlined in

Table 2. Effect of clinical and demographic character-

istics of OS and PFS are shown Table 3.
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Figure 1. Survival outcomes graphic for whole cohort by Kaplan–Meier. (a) Progression-free survival for whole cohort. (b) Overall
survival for whole cohort.

Table 2. Treatment characteristics and clinical outcomes.

Characterestic n (%)

Systemic treatment

Bevacizumab 44 (39)

Bevacizumabþ irinotecan 70 (61)

Deep vein thrombosis

No 94 (83)

Yes 20 (17)

Proteinuria

Grade 0 64 (56)

Grades 1–3 50 (64)

Hypertension

Grade 0 91(80)

Grades 1–3 23 (20)

Progression

Yes 89 (78)

No 25 (22)

Second-line treatment

Best supportive care 72 (81)

Carmustine 3 (4)

Bevacizumab 12 (13)

Reoperation 2 (2)

Status

Exitus 89 (78)

Alive 25 (22)

PFS (95% CI)

Median (mo) 6.2 (4.8–7.6)

1 year (%) 25

2 years (%) 11

5 years (%) 0

OS (95% CI)

Median mo 8 (5.7–10.2)

1 year (%) 37

2 years (%) 21

5 years (%) 9

PFS: progression-free survival; OS: overall survival; CI: confidence

interval.
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Prognostic factors for PFS

In univariate analysis, ECOG PS 0–1, presence of

mutant IDH1, DVT and proteinuria predicted pro-

longed PFS (p< 0.05). But the presence of ATRX

mutation foresaw worse PFS (p¼ 0.003). In multivari-

ate analysis, ECOG PS, presence of IDH1 mutation

and DVT were found to be independent good prognos-

tic factors for PFS (p¼ 0.003, 0.01 and 0.005 respec-

tively), whilst ATRX mutation continued to be a poor

prognostic factor (p¼ 0.001) (Figure 2).

Prognostic factors for OS

In univariate analysis, ECOG PS 0–1, maximal surgical

debulking, presence of IDH1 mutation, hypertension,

deep venous thrombosis and proteinuria showed statis-

tically significant OS benefit (p< 0.05). But the pres-

ence of ATRX mutation was a statistically significant

worse factor on OS (p< 0.007). In multivariate analy-

sis, ECOG PS 0–1 and the presence of IDH1 mutation

were found to be independent good prognostic factors

for OS (p< 0.05). Conversely, ATRX mutation was

Table 3. Effect of clinical and demographic characteristics of overall survival and progression-free survival.

Median PFS Median OS

Months

95% CI

p Months

95% CI

pLower Upper Lower Upper

Age

<40 5.4 2.2 8.7 0.4 9.6 6.2 13.0 0.1

�40 6.7 5.3 8.1 7.3 5.4 9.2

ECOG PS

0–1 8.1 6.2 10.0 0.004 9.6 6.2 13.0 0.001

2–4 3.2 1.1 5.3 4.7 3.6 5.7

Gender

Female 8.6 3.9 13.3 0.1 9.6 5.8 13.4 0.08

Male 5.7 4.0 7.4 7.1 5.2 9.1

Maximal surgical debulking

Yes 6.7 3.3 9.0 0.1 9.6 3.9 11.6 0.02

No 5.7 4.1 7.3 7.1 5.4 8.8

Pathology

GBM 6.9 5.4 8.5 0.8 7.9 5.6 10.3 0.9

A.Glioma 4.9 2.3 6.3 6.8 2.5 11.0

Ki 67 expression

<25% 7.1 4.9 9.2 0.08 9.6 5.8 13.4 0.2

�25% 5.5 4.1 7.1 7.1 5.2 9.1

IDH1 status

Mutant 21.3 13.1 23.9 0.007 25.6 9.2 42.0 0.01

Wild 6.1 4.7 7.5 7.9 5.5 10.4

ATRX status

Intakt 8.6 6.4 10.7 0.002 13.7 9.3 18.1 0.003

Mutant 2.9 2.5 3.3 4.7 2.5 6.8

Mutational status combinaiton (n¼ 81)

IDH1 wild-ATRX wild (n¼ 56) 8.1 5.1 11.2 0.000 9.1 6.8 11.4 0.001

IDH1 wild-ATRX mutant (n¼ 14) 2.6 1.7 3.6 3.4 1.9 4.9

IDH1 mutant–ATRX wild (n¼ 6) 16.3 12.1 20.6 45.4 0.00 103.1

IDH1 mutant–ATRX mutanta (n¼ 5) – – – – – –

Hypertension

Grades 1–3 8.4 7.5 12.4 0.05 17.2 13.3 21.1 0.01

Grade 0 5.5 4.5 6.6 6.8 5.0 8.5

Deep vein thrombosis

Yes 11.8 6.8 16.9 0.007 16.4 8.5 24.3 0.03

No 5.5 4.4 6.7 7.3 5.0 9.6

Proteinuria

Grades 1–3 8.3 6.5 10.1 0.04 10.4 7.3 13.5 0.02

Grade 0 4.8 3.0 6.7 5.8 4.3 7.3

aMedian PFS and OS were not calculated in this subgroup by Kaplan–Meier methods.

p � 0.05 is statistically significant.
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poor prognostic factor for OS (p¼ 0.007) (Figure 3).

Cox regression model of survival are outlined in

Table 4.

Discussion

We reported true daily life data of patients diagnosed

with progressive high-grade glial tumor treated with

bevacizumab alone or in combination with irinotecan

from a single institute. We achieve good objective

results compared to previous phase trials in literature,

especially in PFS.12–23 Median PFS was 6.2months in

all group, and 6.7months in only bevacizumab and

5.6months in combination group. However, this was

not projected to OS. Median OS in only bevacizumab

was 7.6months and combination group was

7.9months. This could be explained by the lack of a

central radiological assessment center and we may have

overestimated the tumor response by the reason of ini-

tial response assessment which was done in 12th week.

In clinical trials of bevacizumab, inclusion criteria are
strictly defined and patients with ECOG PS 0–1 were
included. Whereas 26% of the patients who we treat in
our outpatient clinics had worse performance (ECOG
PS 2-4), these patients died shortly after progression.
This might be the reason for short OS. Therefore, our
real life data could add valuable information to the
literature on patients who were treated outside clinical
trials.

Impact of prognostic factors has not been well
defined in patients with recurrent HGGs. ECOG PS,
gross total resection, unilateral tumor and adjuvant
chemoradiotherapy are related with prolonged PFS
or OS in patient with newly diagnosed HGGs. ECOG
PS is considered to be an important component of clin-
ical activity and treatment compliance in patients with
recurrent GBM. In our study, ECOG PS to be an inde-
pendent prognostic factor for both PFS and OS.
Median PFS and OS are 8.1months and 9.6months,
respectively, in patients with an ECOG 0–1. Our results

Figure 2. Survival outcomes graphic according to prognostic factors for progression-free survival by Kaplan–Meier: (a) ECOG PS
groups, (b) deep venous thrombosis, (c,d) IDH1 and ATRX status, (e) IDH1 and ATRX status combination and (f) proteinuria.
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are consistent with those obtained in previous

studies.24,25

Proteinuria may develop as a side effect during

treatment with VEGF inhibitors that inhibit angiogen-

esis. Whether development of proteinuria might also

serve as a surrogate marker of on survival is unknown.

A retrospective study found that development of pro-

teinuria during antiangiogenic therapy tended to be

related with poorer survival in patients with metastatic

colorectal cancer. Median OS was 23.9months for

patients with grades 0 to 1 proteinuria and 4.2months

for those with �grade 2 proteinuria (p¼ 0.028).26

Proteinuria was not found to be a predictive marker

for PFS and OS in patients with recurrent GBM in

another study.27 Posttreatment hypertension also gen-

erally is related to angiogenesis inhibitors. In a study,

in which paclitaxel versus paclitaxel plus bevacizumab

was assessed in patients with metastatic breast cancer,

association of bevacizumab-induced hypertension with

OS was reported.28 Patients with grade 3 or 4 hyper-

tension had superior OS time compared with patients

without hypertension (38.7 versus 25.3months,

p¼ 0.002) in this trial. In a retrospective study in

which recurrent GBM patients treated with bevacizu-

mab were evaluated, and posttreatment hypertension

was reported as a predictive biomarker.29 Median

PFS and OS in patients who developed hypertension

were, respectively, 6.7months and 11.7months. There

was a statistically significant difference compared to

normotensive patients (p <0.05). Liau et al. reported

that posttreatment hypertension to be prognostic for

both PFS and OS in their retrospective study.27 In

the current study, we did not find proteinuria and

hypertension as independent prognostic factors in

both terms of PFS and OS in multivariate analysis.
The risk of venous thromboembolism (VTE) includ-

ing DVT and pulmonary embolism is increased in

cancer patients. For example, in population-based

cohort studies, the risk of VTE is four- to seven-fold

higher in patients with cancer compared with non-

cancer patients were demonstrated.30 Furthermore,

the risk of VTE is particularly increased in patients

with glial tumors. In a comprehensive meta-analysis,

up to 20% of brain cancer patients develop VTE per

year are reported.31 Several factors such as older age,

antiangiogenic treatment, glioblastoma subtype, IDH1

wild-type status, etc. have been defined as risk factors

for VTE in brain tumor patients.32 Deep venous

thrombosis has been reported to be approximately

4% during the bevacizumab treatment in phase

trials.11–13 Two recent studies have reported the high

risk of VTE in glioma patients with IDH1 wild

Figure 3. Survival outcomes graphic according to independent prognostic factors for overall survival by Kaplan–Meier: (a) ECOG PS
groups, (b,c) IDH1 and ATRX status and (d) IDH1 and ATRX status combination.
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type.33,34 VTE developed during treatment has been

associated with poor OS.35,36 However, the data of

the prognostic value of VTE in patients with glial

tumors are contradictory. Simanek et al. and Smith

et al. showed that there was no statistically significant

difference in survival between high-grade glial tumor

patients who developed VTE compared with those

without VTE in their studies.37,38 Conversely, Semrad

et al. in their studies which included 9489 patients with

malignant glioma demonstrated that patients who

experienced VTE had a 30% increase in the risk of

death within two years.39 In our study, 17% of the

patients had DVT. According to IDH1 status, there

was no statistical difference in developing VTE

between the patients. We showed that patients who

had experienced deep venous thrombosis, associated

with prolonged PFS and OS. But it was found to be

an independent prognostic factor for only PFS in mul-

tivariate analysis. Unlike other studies, the whole

cohort consisted only of recurrent HGG patients, and

we evaluated just DVT as a venous thromboembolic

event. This situation may have affected our results

and caused it to be different according to the literature.
Several trials have evaluated the role of IDH1 muta-

tion as prognostic factor for survival in patients with

high-grade glial tumors and it has been reported to be

an independent predictive factor in these studies.40–42

Also, in a meta-analysis, which includes nine studies

including a total of 1669 patients, IDH1 mutation

has also been demonstrated to be a prognostic factor

in patients with GBM and was associated with

improved OS.43 In our study, IDH1 mutant patients

had better survival for both PFS and OS, and it was

an independent prognostic factor. Our findings were

Table 4. Cox regression model of survival (univariate and multivariate analysis results).

PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Age

<40 1.2

(0.7–1.9)

0.4 1.3

(0.8–2.2)

0.1

�40

ECOG PS

0–1 1.9

(1.2–3.02)

0.001 2.8

(1.4–5.7)

0.003 2.1

(1.3–3.3)

0.01 2.9

(1.5–5.5)

0.001

2–4

Gender

Female 1.3

(0.8–2.2)

0.1 1.4

(0.9–2.3)

0,08

Male

Maximal surgical debulking

Yes 0.7

(0.4–1.1)

0,1 0.6

(0.3–0.9)

0.02

No

Pathology

GBM 1.04

(0.6–1.6)

0.8 0.9

(0.6–1.5)

0.93

A.Glioma

IDH1 status

Wild mutant 0,30

( 0.1–0.8)

0.009 0.2

(0.08–0.7)

0.01 0.35

(0.1–0.8)

0.01 0.3

(0.1–0.8)

0.01

ATRX status

Wild mutant 2.5

(1.4–4.6)

0.01 2.1

(1.1–3.9)

0.01 2.4

(1.3–4.3)

0.004 2.05

(1.07–3.9)

0.03

Ki 67

<25% 0.9

(0.6–1.5)

0.9 1.2

(0.8–2.1)

0.2

�25%

Hypertension

Grades 1–3 0.6

(0.3–1.01)

0.05 0.5

(0.2–0.8)

0.01

Grade 0

Deep vein thrombosis

Yes 0.4

(0.2–0.8

0.009 0.2

(0.1–0.6)

0.002 0.5

(0.2–0.9

0.03

No

Proteinuria

Grades 1–3 0.6

(0.4–0.9)

0.04 0.62

(0.4–0.9)

0.03

Grade 0

HR: hazard ratios; CI: confidence intervals; PFS: progression-free survival; OS: overall survival; GBM: glioblastoma multiforme.
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consistent with the literature. Our IDH mutation
cohort consisted of younger patients. Although we
think that this situation may have affected our survival
results, it was demonstrated in two retrospective studies
that age was not a prognostic factor in recurrent glio-
blastoma.24–27 Similarly, we did not find the prognostic
significance of age in the present study.

ATRX mutation is seen in at least 15 types of
human cancers, including neuroblastoma, osteosarco-
ma and pancreatic neuroendocrine tumors. However,
the role of ATRX in tumorigenesis remains largely
unknown.15,44,45 ATRX has been evaluated in an
animal model study in glioma. It has been shown that
ATRX loss causes tumor growth and decreases median
survival. Furthermore, the researcher showed that
ARTX loss causes genetic instability in mouse GBM,
including both microsatellite instability and impaired
telomere maintenance.46 In gliomas, ATRX mutation
is primarily observed in adolescents and young adults.
In adults (age >30 years), ATRX is mutated less fre-
quently in primary GBM, but is frequently found in
lower grade (WHO grade 2/3) and secondary GBM.18

Liu et al. showed that ATRX mutations were positively
associated with age and IDH mutations in glioma
patients. Researchers concluded that the probability
of ATRX mutation in IDH mutant patients was 14
times higher than that in IDH wild-type patients, and
the probability of ATRX increased by 9% for each
additional year of age.47 The prognostic value of
ATRX status has been reported in glioma patients
who received postoperative adjuvant treatment. Cai
et al. demonstrated that patients with ATRX wild-
type/IDH1R132H mutation tended to have favorable
survival in both low-grade gliomas and HGGs.48

Chaurasia et al. in their study which included a total
of 163 GBM patients who underwent surgery suggested
that ATRX wild-type status was associated with a dis-
tinct and statistically significant increased survival rate
regarding both OS and PFS.49 Similarly, in another
study, the ATRX mutation was associated with poor
survival in WHO grade 2 glioma patients who were
newly diagnosed.50 Pekmezci et al. investigated the
prognostic value of ATRX status in patients with
WHO grades 2–3 and 4 in their study.51 Conversely,
researchers reported that the presence of ATRX muta-
tion was only related to favorable survival in GBM
patient with IDH1 wild type. They did not find any
associated with ATRX status and survival in the
other glial patient groups. In the current study, we eval-
uated the only recurrent WHO grades 3–4 glioma
patients, unlike other studies. Twenty-one percent of
patients had mutations and 16% of these patients
had GBM. Similar to literature, we found an associa-
tion between ATRX status and IDH1 status. And we
reported that ATRX mutation as an independent poor

prognostic factor in terms of both PFS and OS in
recurrent HGG patients treated with systemic therapy.
According to mutational status, the best survival was in
the IDH1 mutant-ATRX wild group, while the worst
survival was in the IDH1 wild-ATRX mutant group.
To our knowledge, this is the first study in the literature
that reports prognostic value of ATRX mutation in
recurrent HGG patients who were treated with system-
ic approach.

There were many limitations of this study. First, the
relatively low number of patients in a single center may
cause selection bias. Second, there was no central
radiologic center to assess treatment response, and
unlike phase studies, response assessment was per-
formed every 12weeks, so we might have overestimated
the tumor response. Lastly, ATRX status and IDH
were evaluated in only 79% of patients immunohisto-
chemically. Not all molecular markers could be evalu-
ated as prognostic factors in all patients. More clinical
trials are needed to identify clinical and molecular
prognostic factors in recurrent HGG patients who
were treated with systemic treatment (bevacizumab
alone or with irinotecan).

Conclusion

Prognosis of progressive HGGs after standard chemo-
radiotherapy is poor and treatment options are limited.
Hence, the identification of new prognostic markers for
predicting the effectiveness of systemic treatment is
very substantial in clinical practice. This study
showed that ECOG PS, post-treatment deep venous
thrombosis, IDH1 and ATRX status might be prog-
nostic markers for predicting survival outcomes in
these patients with recurrent HGGs. We suggest that
these clinical (ECOG PS and DVT) and molecular
(IDH1 and ATRX) prognostic markers could be used
to select the patients who can tolerate and benefit from
aggressive treatment strategies in clinical practice.
Furthermore, we found that patients with ATRX
mutations had a poor prognosis, and the effectiveness
of systemic therapy was limited. Therefore, new treat-
ment strategies are needed for these patients and
should be recommended to participate in clinical
trials. Further prospective and better-designed studies
are necessary to confirm our results.
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