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[ Abstract] Background and purpose: There is no standard treatment for recurrent high-grade gliomas. This
study aimed to evaluate the curative efficacy and safety of bevacizumab plus nitrosoureas regimen in patients with
recurrent high-grade gliomas, and to explore the molecular biomarkers for efficacy prediction. Methods: This was
a single-arm phase [ clinical trial (Number NCT02698280) enrolling patients with recurrent high-grade gliomas.
Every 6 weeks was defined as one therapeutic cycle. Bevacizumab was administered intravenously at 5 mg/kg every 3
weeks; and nitrosoureas at 90 mg/m’ every 6 weeks. Radiological response was assessed every 6 weeks according to
the Response Assessment in Neuro-Oncology (RANO) criteria. The primary endpoint was progression-free survival
(PFS), progression-free survival at 6 months (PFS-6) and radiological response. The secondary endpoint was overall
survival (OS). Adverse events were recorded. The indicative value of O°-methylguanine-DNA methyltransferase
(MGMT) promoter, isocitrate dehydrogenase (IDH) and telomerase reverse transcriptase (TERT) promoter were
analyzed. Results: Twenty-three patients were enrolled in this study, in which the results of 20 patients were available
and analyzed. The median follow-up time was 8.2 (range: 3.2 to 23.1) months. The PFS-6 was 25% and median PFS
was 3.7 months (95%CI: 1.85-5.55). According to RANO criteria, 6 patients reached partial response, 9 had stable
disease, and 5 patients directly got progression disease without any response. Thus objective response rate (ORR) was
30%. Median OS was 9.2 months (95%CI: 7.27-11.13). Most of treatment-related adverse events were The Common
Terminology Ceriteria for Adverse Events (CTCAE) grade one or two. Decrease of platelet, hypertension and fatigue
were common. The molecular biomarker analysis of available tissues showed TERTp wild-type patients (#=11) had
longer PFS than TERTp mutated patients (n=7) (6.0 months vs 1.9 months, P=0.02). MGMTp methylated group (n=10)
had better trend in response rate than MGMTp unmethylated group (n=8) (30% vs 12.5%, P=0.18), and TERTp wild-
type group (n=11) had better trend in response rate compared with TERTp mutation group (n=7) (36.3% vs 14.2%,
P=0.32). Conclusion: Bevacizumab plus nitrosoureas regimen could be considered effective and safe in treatment
of recurrent high-grade gliomas. Wild-type TERT promoter can indicate longer PFS. MGMTp methylated group and
TERTp wild-type group have better trend in response rate.
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NRBAKETIBEREABSEASEAIRVBHEE 1 BRI6KAT

J2 JIRE i PN AR B R B 8 0%, FG v R Joit
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i1t M FVEIR] . Kaplan—Meierid: JH T 45 775 1] F 1 BEHEEERIEREE
%t o Fish er*ﬁ Eﬁ K5 FH {Fﬁ*ﬁ— ORRMZESR . Tab.1 Patient characteristics at baseline
P<0.05 W ERAH GRS [n(%)]
Characteristic N=20
Agel/year
2 4k 5 Median 50
Range 24-62
21 = %:ﬁﬁE Gender
. Mal 11
AT PRI B T20154F7 1 —20174E9 F 3t A4l Fomale o
2305 e i R A e JeE e, o) R e R Diagnosis as high-grade glioma at recurrence
NI Images diagnosis (C+MRI and MRS or PET/CT) 14 (70)
H:TE ’ l{ﬂ %\ %%Uj W XTzOﬁJ % % E/J & JJA Surgery and diagnosed as GBM 5(25)
% i}'*ﬁ ( Izl 1 ) 20@ J %\% E/J %éf 'fn ,um %% Surgery and diagnosed as grade Il glioma 1(5)
wﬁ 8504 (24~62%) , WHELLG, 4 Tomorlocation
) H A g . Frontal lobe 8 (40)
@91% ’ kgﬂ/uxﬁﬁikﬁﬁrl EE;%MR&MRS& Temporal lobe 5(25)
PET/CTHIN A S B e Bde , 6 38 PR TR Parietal lobe 2(10)
FZ RS W NGBM (WHO V4 ) Bifa)28 5 21 8c;ipital lobe isg;
ther
éEH H@@ ( WHO I g& ) E? ﬁ '%\%A )\QE HT ﬂi’lj(zu\ Resection extent of primary tumor
K4f, KK (Karnofsky, KPS) ¥F5360~9043, Fr CR’ 18 (90)
ICR 2 (10)
ﬁ %‘% EF] Ei %5 \Hf H_J‘ﬁ 14WJ %‘%%"/—‘Ej‘j PD, 5 {ﬁ U Chemotherapy after primary resection
PSRRI HTZ T 5, B FEERTT Yes 19.95)
:H: S A No 1 (5)
- \PFSJjS'76 | H ° Radiotherapy after primary resection
2.2 RITRR Yes 20 (100)
O BEIN A8 2N (32~23.1 ) , PFS-6 Nob } 0(0)
\ N Ni
i525%, PRIPFSH3IA (95%CI: 185-555) o 2 (60)
FIHL0SHI2AH (95%CIL: 7.27~11.13, E2) o 2" or above 2 8 (40)
A B, GBI (30%) WPR, ofilfiz Pl w0
(45% ) NSD, 5fEE (25% ) IEAERN HPD, 60-70 12 (60)
ZQﬁCR}%\ %o ORR%:BO% , ﬁﬁimﬁg Z{“Aijj75% 5 Baseli;le tumor diameters D/cm
Median 4.11
Range 1.35-6.85
| 23 patients were enrolled after assessment | MGMT status
Methylated 10 (50)
v Unmethylated 8 (40)
[ Received bevacizaumab+nitrosoureas treatment ‘ Not tested 2(5)
IDH status
. i i Mutated 3(15)
Ppelilmeied Wi 660
Not tested 1(5)
A TERT status
20 patients analyzed Mutated 7(35)
Wild type 11 (55)
v Not tested 2 (10)
. . IDH & TERT status
1 patient still on treatment . .
19 patients discontinued treatment: IDH TERT 2(10)
54 progression IDH TERT 1(5)
2 T e IDH TERT 10 (50)
1 other therapy IDHTERT" 5(25)
Unknown 2 (10)

1 NERFEHR

Fig.1 Overview of enrollment and follow-up

*: Complete resection; #: Incomplete resection; +: Mutation; —: Wild-

type
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Fig. 2 PFS and OS curve for 20 patients treated with

bevacizumab+nitrosoureas

2.3 ARREA

TRIT A AN RN L e 2, H i N A o
A Z TR R R W, (R ZEC 19
AR RE RN, TG ik R AL 3 BIE fRT Ep A B R AT 4k
5, AT . 6FRE B, EAR
FVE, e LB R ) I/ VB A 2230 x 10°/1L
(490 ) , 5 VoL e BB DA Bk 8 B 1) i
mh C4%%) , HRBUFIERYT, HRSAE)E
W2, 1A, 1B RS A PDJE
PRIME =15 180/120 mmHg, %A K ARG A F]
AR ONSETT . FERTA AT, R
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24 HDFIEREMEITH

TER 3 RIS B8 AT T 20— BRAGI
Al MT &AL 4E . MGMT)E s 7+ H 3 k106, K H
JAk8f; IDHEFAEA! (IDH wild type, IDH WT)
166, 28785 (IDH mutation, IDH MUT ) 3f4;
TERTS 3 728745 %1 ( TERT promoter mutation,
TERTp MUT ) 749, ¥f4:=% (TERT promoter wild
type, TERTp WT ) 1144]; IDH/TERTPYSHIHIDH
WT/TERT MUT 51, IDH WT/TERT WT 1044, 43
MR FhR B YPIRES T A A AR AR 1Y
Z5, RN, TERT WTHEFHBPFSIL TTERT
MUT (6.0 H vs 1.91MH, P=0.02) , TMOSTHEH
WS (KF3) . MCMTIE shFH 3&fbIRZE . IDH
RADRE ZIDH/TERT/3 5, X5 & I PES A
OSHJTEHUMAER, {HIDH WT/TERT WTHPFS4

IDH WT/TERT MUTEAT E4Ff#a#E (P=0.06)

AR FEIEN TR, MGMTIS 30 F B B LIRS .

IDHRZ . TERTIS 31 FIRASFIDH/TERT 73 BN
ORRBy M 22 5 W G2+ E XL, HMGMT)H
B H 3k B I ORRECE B S Ak FLA W 411
B (30.0% vs 12.5%, P=0.18) , TERT WT#
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*2 ARRM
Tab.2 Adverse events

[n (%) ]

Toxicity Bevacizumab-nitrosoureas (N=20)
White blood cell count

Grade 0-1 16 (80)

Grade 2 4 (20)

Platelet count

Grade 0-1 8 (40)
Grade 2 9 (45)
Grade 3 2 (10)
Grade 4 1(5)

Hypertension

Grade 0-1 14 (70)

Grade 2 3(15)

Grade 3 3(15)
Proteinuria

Grade 0-1 18 (90)

Grade 2 2(10)

Liver damage
Grade 0-1 19 (95)
Grade 2 1(5)

Nausea & vomiting

Grade 0-1 19 (95)

Grade 2 1(5)
Fatigue

Grade 0-1 16 (80)

Grade 2 2 (10)

Grade 3 2(10)
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~
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G
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o
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w50
B~
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J
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-~ IDH WT/TERT WT (2=10)
2 P=0.06
oA 50
=
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0 5 10 15
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B C
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8 P=034 e
8 504 == SD
B CR+PR
0 5 10 15 20 25 MGMT methylated MGMT unmethylated
tmonth ORR: 30.0% vs 12.5%, P=0.18
E F
100 == IDH MUT (#=3)
- IDH WT (z=16)
P=045 W PD
X m= SD
2 B CR+PR
o
0 5 10 15 20 25 IDHMUT  IDHWT
t/month ORR: 33.3% vs 25.0%, P=0.62
H I
100 ~~ TERT MUT (2=7)
- TERT WT (z=11)
° P=0.74 == PD
A 50 W= SD
o
i B CR+PR
0 5 10 15 20 25 TERTMUT  TERT WT
t/month ORR: 14.2% vs 36.3%, P=0.32
K L
100 ~— IDH WT/TERT MUT (z=5)
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° P=0.87 ™= PD
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o] Ll @ CR+PR
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B3 SFiRSxmEIn eI e R

Fig.3 The impact of molecular biomarkers on prognosis and radiological responses

A, B, C: Kaplan-Meier survival analysis and radiological responses of MGMT methylated and unmethylated status; D, E, F: Kaplan-Meier survival
analysis and radiological responses of IDH MUT and IDH WT; G, H, I: Kaplan—Meier survival analysis and radiological responses of TERT promoter
status; J, K, L: Kaplan—Meier survival analysis and radiological responses of IDH WT/TERT MUT and IDH WT/TERT WT subgroups
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