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Atotal of 3,294 papers were
retrieved from The Medline/ Pubmed,
Cochrane databases, Google Scholar,
Scielo and PEDro databases.

Records
after duplicates
removed
(n=1846)

Records

excluded on
inclusion criteria
(n=890)

Records
screened
(n=956)

Records
excluded
(n=749); title
reading (220),
abstract reading
(n=529)

Full text
articles
screened for
eligibility
n=207

Review of
Articles
n=158
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Study title

Repeated Super-selective
Intraarterial Cerebral Infusion Of
Bevacizumab Plus Carboplatin For
Treatment Of Relapsed/Refractory
GBM And Anaplastic Astrocytoma

Super-Selective Intraarterial Cerebral
Infusion Of Temozolomide
(Temodar) For Treatment Of Newly
Diagnosed GBM And AA

Repeated Super-selective
Intraarterial Cerebral Infusion of
Bevacizumab (Avastin) for
Treatment of Relapsed GBM and
AA

Super-Selective Intraarterial
Intracranial Infusion of Avastin

(Bevacizumab)

Super-Selective Intraarterial Cerebral
Infusion of Cetuximab (Erbitux) for
Treatment of Relapsed/Refractory
GBM and AA

Super Selective Intra-arterial
Repeated Infusion of Cetuximab
(Erbitux) With Reirradiation for
Treatment of Relapsed/Refractory
GBM, AA, and AOA

Super-Selective Intraarterial
Intracranial Infusion of
Bevacizumab (Avastin) for
Glioblastoma Multiforme

Repeated Super-Selective
Intraarterial Cerebral Infusion of
Bevacizumab (Avastin) for
Treatment of Newly Diagnosed
GBM

IA Carboplatin + Radiotherapy in
Relapsing GBM

Super-selective Intra-arterial
Repeated Infusion of Cetuximab for
the Treatment of Newly Diagnosed
Glioblastoma

ADV-TK Improves Outcome of
Recurrent High-Grade Glioma
(HGG-01)

Oncolytic Adenovirus DNX-2401 in
Treating Patients With Recurrent
High-Grade Glioma

Intraarterial Infusion Of Erbitux and
Bevacizumab For Relapsed/
Refractory Intracranial Glioma In
Patients Under 22

Location

Lenox Hill
Brain Tumor
Center

Lenox Hill
Brain Tumor
Center

Lenox Hill
Brain Tumor
Center

Lenox Hill
Brain Tumor
Center

Lenox Hill
Brain Tumor
Center

Lenox Hill
Brain Tumor
Center

Global
Neurosciences
Institute

Lenox Hill
Brain Tumor
Center

Université de
Sherbrooke

Lenox Hill
Brain Tumor
Center

Huazhong
University of
Science and
Technology

M.D.
Anderson
Cancer Center

Weill Medical
College of
Cornell
University

Status

Suspended

Completed

Recruiting

Completed

Completed

Recruiting

Recruiting

Active,
not
recruiting

Unknown

Recruiting

Completed

Recruiting

Recruiting

NS, not specified; SIACI, super-selective intra arterial cerebral infusion.

Brain
tumour

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme
Anaplastic
Astrocytoma
Anaplastic
Oligoastrocytoma

Glioblastoma
Multiforme

Glioblastoma
Multiforme
Anaplastic
Astrocytoma

Glioblastoma
Multiforme

Glioblastoma
Multiforme

Glioblastoma
Multiforme

Anaplastic
Astrocytoma
Glioblastoma
Multiforme
Recurrent
Gliosarcoma
Recurrent
Malignant
Glioma
Glioblastoma
Multiforme
Anaplastic
Astrocytoma
Diffuse Intrinsic
Pontine Glioma

Estimated
enrollment

54

21

54

30

37

30

25

35

33

47

36

30

Method
of
delivery

SSIACI

SSIACI

SSIACI

SSIACI

SSIACI

SSIACI

SSIACI

SSIACI

1A

SSIACI

1A

1A

SSIACI

Chemotherapeutic, Mannitol
dose dose

Bevacizumab Up to 15 NS
mg/kg Carboplatin 150
mg/m’

Temozolomide 75-250 NS
mg/m’

Bevacizumab 15 mg/kg  20% 12.5
mL/s

Bevacizumab 2-10 mg/kg NS

Cetuximab 100-500 mg/ ~ 25% 3-10

m’ mL

Cetuximab 250 mg/m* 20% 12,5 mL

Bevacizumab 15 mg/kg NS

Temozolomide 75-250 NS
mg/m’

Carboplatin 400 mg/m” NA

Cetuximab 250 mg/m” 20% 12.5 mL

Replication-deficient 25% 14 M
adenovirus mutant ADV-  mannitol
TK, a total of 1 x 10'

viral administered in the

clinical trial

Oncolytic Adenovirus NS
Ad5-DNX-2401, dose not

stated

Erbitux 200 m/m* Mannitol

Bevacizumab 15 mg/kg 25% 10 mL

Phase

)

1

2

1

2
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Study
(year)

Doolittle
et al. (2000)
©7)

Chow et al.
(2000) (98)

Kochi et al.
(2001) (99)

Madajewicz
et al. (2000)
(100)

Ashby and
Shapiro
(2001) (101)

Gobin et al.
(2001) (83)

Qureshi
et al. (2001)
(102)

Newton
et al. (2002)
(103)

Silvani et al.
(2002) (104)

Fortin et al.
(2005) (32)

Hall et al.
(2006) (105)

Imbesi et al.
(2006) (80)

Angelov
et al. (2009)
(106)

Guillaume
et al. (2010)
(107)

Boockvar
et al. (2011)
(108)

Shin et al.
(2012) (109)

Jeon et al.
(2012) (110)

Fortin et al.
(2014) (111)

Chakraborty
et al. (2016)
(81)

Galla et al.
(2017) (112)

Faltings
et al. (2019)
(113)

Patel et al.
(2021) (114)

McCrea
et al. (2021)
(115)

Number Study type

of and phase

patients

221 MCII

16 NeAis

42 MC,IT

83 SC, I1f

25 SC 11

113 SC, not stated

24 SC, not stated

25 SC, I

15 SC, 1Tt

72 SC, 1

8 MC,
Retrospective
analysis

17 Negiity

149 MC, analysis

13 SG.1

30 SC, 1

3 SC, /1T

18 LI

51 il

15 1

65 LI

1 Case report

23 LI

13 1

Brain
tumors

GBM,
BSG, AO,
O, MET,
GCT,
PCNSL,
PNET
RGBM,
AO, AAS

NGBM

GBM,AAS

RGBM,
AAS, AO,
AOA

GBM,
AAS,
MET,
other

RGBM,
AAS,
MET,
mixed
glioma

AAS,
AOA,
AO, O,
BSG, ME

NGBM

GBM,
AAS,AO,
MET,
other

Recurrent
DIPG

NGBM

PCNSL

AO,A0A

RGBM,

AAS, AO

RGBM

RGBM

RGBM

RGBM

RGBM

RGBM

NGBM

GBM,
DIPG

Chemotherapeutic

agent of
Dose

Carboplatin (200 mg/m2) ~ n$
Carboplatin (600 mg/ N
hemisphere)

Nimustine (80 mg/m2) nS

Etoposide (40) mg/m2 and nS
Cisplatin (60 mg/m2)

Cisplatin (60 mg/m2) nS

Carboplatin 100-1400 mg/ S
hemisphere

Carboplatin 34-277 mg/m2 S

Carboplatin (200 mg/m2/d) nS

Carboplatin 200 mg/m2 and ~ nS
ACNU 100 mg/m20

Carboplatin protocol nS
Carboplatin, 400 mg/m2 with
Cyclophosphamide, 330-660
mg/m2 IV Etoposide 400mg/

m2 IV

Methotrexate protocol
Methotrexate 5000 mg with
cyclophosphamide

500 mg/m2 IV andEtoposide

150 mg/m2 IV

Carboplatin, 400 mg/m2 n$
Cyclophosphamide, 660 mg/

m2 IV Etoposide 400 mg/m*

v

Methotresxate, 5000 mg
Cyclophosphamide 1000 mg/

m2 IV Etoposide 400 mg/m*

v

Nimustin (ACNU) 80-100 nS
mg/m2

Methotrexate not stated, nS
etoposide (150 mg/m2 IV) or
cyclophosphamide (15 mg/kg

IV and procarbazine (100 mg
orally d. Between 1994 and

2005, etoposide or etoposide
phosphate (150 mg/m2 IV

days) and cyclophosphamide

(500 mg/m2 IV) were used.
Carboplatin (IA, 200 mg/ nS
m2), etoposide phosphate

(IV, 200 mg/m2), and

melphalan (IA, dose

escalation) every 4 weeks, for

up to 1 year

Bevacizumab 2-15 mg/kg N

Bevacizumab 13 mg/kg S
Temozolomide 83mL

(199mg) + 22mL (53mg)
Cetuximab 100mg/m2

Bevacizumab 2-15 mg/kg s

Carboplatin 400 mg/m2 n$
Melphalan 10mg/m2

Cetuximab 100, 200, 250 mg/ S
m2

Bevacizumab 2-15 mg/kg S
Bevacizumab (15 mg/kg N
Bevacizumab (15 mg/kg) N
Bevacizumab (15 mg/kg) S

with cetuximab (200 mg/m2)

Method

delivery

BBBD
Agent

Mannitol

Cereport
300 ng/kg

Cereport
300 ng/kg

Cereport
147-366
mg/m2

Mannitol

Mannitol
25% 4-10
cc/s for
30s

Mannitol
18% 250
ml

Mannitol
25%

Mannitol

Mannitol
25%
14M

Mannitol
25% 10
mL

Mannitol
10 mL
25% 1.4
mol/L

Mannitol
20% 12,5
ml/120s

Mannitol
25% 1.4
M

Mannitol
20%
12.5 mL

Mannitol
20%
(125 ml
over 120
s)

12.5 ml
of 20%
mannitol

Outcome

(79%) achieved SD or better

32% SD or better, PFS 2.9
months average, median OS 6.8
months (23/41) and 10.8
months (18/41)

Median survival time 17
months/16 monthst and PES 6
months/11 monthst

48% PR or better, Median
survival time 18 months

40% SD or better and PFS 4.5
months

Decreased tumor size in 30%,
Median OS > 12 months
survival in 12 patients

80% SD or better, PES 6
months

78.6%/66% SD, PES 5.2
months/5.8 monthsf

Median survival time 9.1
months, median PES 4.1
months

Median PFS 15 months,
Median OS 27 months

Median OS 17 months, Time to
progression was 6 months in
case of ia. ACNU and 4
months for i.v.

ACNU

Median overall survival was 3.1
years (25% estimated survival at
8.5 years). Median progression-
free survival (PFS) was 1.8
years, with 5-year PFS of 31%
and 7-year PES of 25%

77% SD or better, PFS 11
months

Naiiive group: 34.7% median
tumor volume reduction
Exposed group: 15.7% median
tumor volume reduction

Decreased tumor size a 1
month

SD at 10 months in 11 patients,
PR in 5 patients, progression in
1 patient and mixed response
in 1 patient

Median PFS 23 months,
Median OS 11 months, CR in 3
patients, PR in 22 patients, SD
in 14 patients, progression of
tumor in 12 patients

41 patients survived less than 1
year

24 patients survived more than
1 year

OS was 24.1 months. Patient
with recurrent GBM who had
received treatment from 3
clinical trials, including a
rechallenge with SIACI of
bevacizumab. After the third
trial, the MRI scan
demonstrated improvement
based on Response Assessment
In Neuro-Oncology criteria.

Median PFS was 11.5 months
Median overall survival was
23.1 months

The mean overall survival for
the 10 DIPG patients treated

was 519 days. The ranges for

overall survival for the 3 non-
DIPG patients were 311-914

days.

Neurotoxicity

Stroke (0.93%) and
Herniation (1,2%)

Us

Reversible vision
loss (2.4%)

Blurred vision
(4.8%), Focal
seizures (6%)

Headache,
Increased Seizure
frequency, and
Encephalopathy
(45%)

Seizures (7%),
Major Neurologic
deterioration
(<0.6%)

Transient
neurologic deficits
(20%), Stroke (4%)

Transient ischemic
attack (8%)

Seizures (6.6%),
Intracerebral
hemorrhage (6.6%)
Thrombocytopenia;
Neutropenia;
seizures; orbital
myositis

Thrombocytopenia,
Neutropenia,
infections,
neurological
disorientation;
hearing loss

Stroke (5.6%)

focal seizures
(9:2%)

Speech impairment
(7.7%), Retinopathy
(7.7%)

Seizures (6.6%)

Good tolerance

Good tolerance

Hematological
complication

Good tolerance

Tolerable side
effects

Tolerable side
effects

epistaxis (2
patients) and grade
T rash (2 patients)

GBM, glioblastoma multiforme; NGBM, newly diagnosed glioblastoma multiforme; RGBM, recurrent glioblastoma multiforme;BSG, brain stem glioma; AO, anaplastic oligodendroglioma;
O, oligodendroglioma;AAS, anaplastic astrocytoma; AS, astrocytoma; OA, oligoastrocytoma; AOA, anaplastic oligoastrocytoma;MET, metastasis; PCNSL, primary CNS lymphoma; PNET,
primitive neuroepithelial tumor; GCT, germ cell tumor; ME, malignant ependymoma; US, unspecified; S, selective;nS, not selective; SD, stable diseases; PR, partial response; PFS,
progression free survival; t comparison of intra-arterial/intravenous delivery; SC, single center; MC, multi-center; IA, intra-arterial; IV,intravenous; CR, complete response; DIPG, diffuse
intrinsic pontine glioma.
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Survey item Un-corrected tractography Free-water corrected tractography Stuart-Maxwell test

True (%) Partially true (%) False (%) True (%)  Partially true (%) False (%) 2 (dof) Value of p

False signal: false tracts are seen in sulci or ventricles (CSF spaces) 13 (15.29%) 21 (2471%) 51(60%) 39 (46.99%) 34.(40.96%) 10 (12.05%) 38.93(2) <0001

Grey-white matter interface: the tracts appear to begin at the grey white 51 (60.71%) 31(36.9%) 2(238%) 53 (62:35%) 17(20%) 15(17.65%) 13.62(2) p<001
matier interface

3D-rendering; this scan demonstrates the following anatomical effects: 52(61.9%) 18 (21.43%) 14 (16.67%) 27 (32.53%) 23(27.71%) 33(39.76%) 21.38(2) <0.001
tract reduction

3D-rendering; this scan demonstrates the following anatomical effects: 64(75.29%) 17 (20%) 4(4.71%) 67 (78.82%) 15 (17.65%) 3(3.53%) 0.81(2) 1
tract displacement

3D-rendering: this scan demonstrates the following anatomical effects: 26 (30.59%) 26 (30.59%) 33(3882%)  44(52.38%) 15 (17.86%) 25(29.76%) 1801(2) <0001

tract infiltration

CSE, Cerebrospinal Fluid.
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Response Rate

Enhanced Tractography: Ratings by Patient (Sorted by Free-Water Ratio)

Definition of the lesion B The interface between brain & c The optimal surgical pathway
is further clarified pathological tissue is further clarified to the region is further clarified
r{%True, FWR) = 0.9 100% r(%True, FWR) = 0.68 100% r(%True, FWR) = 0.63

80% 80%
60% 60%
40% 40%
20% 20%

0% 0%
20% 20%
40% 40%
60% 60%
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100% 100%
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Subject ID
o1
02
03
04
05
06
07
08
09

10

DH, isocitrate dehydrogenase.

75

74

76

53

57

70

73

7

Sex
Male
Female
Female
Male
Male
Male
Female
Female
Female

Male

Histopathological diagnosis
Pilocytic astrocytoma (Anaplastic) IDH wild type (WHO 1)
Hemangiopericytoma (WHO I1)

Amyloid angiopathy

Glioblastoma IDH wild type (WHO IV)

Metastatic melanoma (skin)

Metastatic adenocarcinoma (lung)

Metastatic neuroendocrine carcinoma (lung)

Glioblastoma IDH wild type (WHO IV)

Meningioma (WHO 1)

Glioblastoma IDH wild type (WHO IV)
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Section 2: Standard DTl survey items

Brain-tumor interface: the scan demonstrates a clear interface between brain and

pathological tissue
False signal: false tracts are seen in sulci or ventricles (CSF spaces)

False negative: tracts are missing in significant areas of the normal brain

False negative: tracts are missing in the vicinity of the lesion

Grey-white matter interface: the tracts appear to begin at the grey-white matter interface
“The scan aids spatial orientation compared to single axis images

“This scan demonstrates the following anatomical effects: tract reduction

“This scan demonstrates the following anatomical effects: tract displacement

“This scan demonstrates the following anatomical effects: tract infiliration

Surgical pathway: the optimal surgical pathway to the RO is clear to me.

Section 3: Enhanced DTl survey items

Grey-white matter interface: the tracts appear to begin at the grey-white matter interface

Lesion: definition of the lesion is further clarified

Brain-tumor interface: the interface between brain and pathological tissue s further clarified
False signal: alse tracts are seen in sulci or ventricles (CSF spaces)

“This scan demonstrates the following anatomical effects: tract reduction

“This scan demonstrates the following anatomical effects:tract displacement

“This scan demonstrates the following anatomical effects: tract infiltration

Surgical pathway: the optimal surgical pathway to the ROLis further clarified

Surgical pathway: the optimal surgical pathway s less clear

DTI, Diffusion Tensor Imaging; AC2, Gwet’s 2nd Order Agreement Coefficient.

UN-corrected tractography Inter-rater reliability (IRR)

True (%)  Partially False Ratings Agreement  Chance AC2 Value IRR
true (%) (%) (N) % agreement  coefficient ofp  rating
% (3]
36(4235%) | 24(2824%) | 25(29.41%) 85 63.64% 61.89% 0.05(0.08) 0,566 Poor
13(1529%) 21 (2471%)  51(60%) 85 70.84% 5223% 0.39(0.13) 0015 Fair
1(31%) | 24(2857%) | 49 (58.33%) 84 69.24% 53.70% 034(0.1) 0.009 Fair
58(69.05%) | 12(1429%) | 14(16.67%) 84 85.33% 43.29% 0.74(0.14) <0.001 | Substantial
51(6071%) | 31(369%)  2(238%) 84 80.35% 46.16% 0.64(0.04) <0.001 | Substantial
65(7647%) | 10(1176%) | 10 (11.76%) 85 73.95% 3541% 0.6(0.09) <0001 Moderate
52(619%)  18(2143%) | 14(1667%) 84 76.03% 19.78% 052(0.17) 0013 Moderate
64(75.29%)  17(20%) 4(4.71%) 85 81.60% 37.56% 0.71(0:09) <0.001 | Substantial
26(30.59%)  26(30.59%) | 33(38.82%) 85 66.79% 62.69% 0.11(0.12) 0375 Poor
57(6706%) | 25(2941%) | 3(3.53%) 85 84.48% 4591% 071 (0.11) <0.001 | Substantial

Free-water corrected tractography

Inter-rater reliability (IRR)

True (%) Partially ~False (%) Ratings Agreement Chance AC2 Value IRR
true (%) (N) % agreement coefficient ofp  rating
% (SE)
53(6235%)  17(20%)  15(17.65%) 85 6426% 5197% 0.26 (0.09) 0017 Fair
36(4235%)  23(27.06%) 26 (30.59%) 85 60.14% 6151% ~0.04(0.08) 067 Poor
34(40%) | 30(35.29%)  21(24.71%) 85 68.24% 61.87% 0.17(0.12) 0.198 Poor
39(46.99%) | 34(4096%) 10 (12.05%) 8 7095% 56.40% 0.3 (0.09) 0,006 Fair
27(3253%) | 23Q771%) | 33(39.76%) 83 61.26% 61.80% ~001(008) 0866 Poor
67(7882%) | 15(17.65%) | 3(3.53%) 85 8.72% 33.19% 076(008)  <0.001  Substantial
44(5238%) | 15(17.86%) | 25(29.76%) 84 67.10% 56.23% 0.25(0.17) 0172 Fair
31(369%) | 25(2976%) 28 (33.33%) 84 6229% 6256% ~0.01 (0.1) 0941 Poor
6(714%) | 17(2024%) | 61 (72.62%) 84 83.820% 38.17% 074(011) | <0001 Substantial
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T1-MRI Standard DTl Enhanced DTI
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MET (S6)

Standard DTI

Enhanced DTI

B MET (56) Standard DTI GBM (810)
71% - 29% This demonstrates a clear interface between brain and pathological tissue ~ 57% = 3%

86% EE—— 14% False tracts are seen in sulci or ventricles (CSF spaces) 86% E——— 14%

o5 Tract are missing In signiicant reas ofhe normal rein — ee—

Tracts are missing in the vicinity of the lesion
aa% 7% Tracts appear to begin at the grey-white matter interface 29% 7%
14% 86% “This aids spatial orientation compared to single axis images

This demonstrates the following anatomical effects: Tract Reduction

20% 71%  This demonstrates the following anatornical effects: Tract Displacement 20% 7%
86% 14% This demonstrates the following anatomical effects: Tract Infiration ~ 57% e as%
57% . 43% The optimal surgical pathway to the ROl is clear to me 7% 29%
100% 0% 100% 100% 0% 100%
Enhanced DTI
57% - 43% Tracts appear to begin at the grey-white matter interface 43% == 57%
43% == 57% Definition of the lesion is further clarified 29% . 1%
57% 43% The interface between brain and pathological tissue is further clarified 29% mm 1%
7% False tracts are seen in sulci or ventriles (CSF spaces) as% %
This demonstrates the following anatomical effects: Tract Reduction  57% e s
43% == 57%  This demonstrates the following anatomical effects: Tract Displacement 14% 86%
1% 86%  This demonstiates the folowing anatomical effects: Tract Infiration 20% = 7%
20% 7% The optimal surgical pathway to the RO is further clarified % = 7%

———] ‘The optimal surgical pathway is less clear —

100% 0% 100% - F PT T 100% 0% 100%
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Standard vs Enhanced DTI Tractography Comparisons

A The tracts appear to begin at the grey-white matter interface**
Standard DTI (n=84)

Enhanced DTI (n=85)
100% 80% 60% 40% 20% 0% 20% 40% 60% 80% 100%
False tracts are seen in sulci or ventricles (CSF spaces)***

Standard DTI (n=85)
Enhanced DTI (n=83)

c

B

This scan demonstrates the following anatomical effects: Tract Reduction***
Standard DTI (n=84)

Enhanced DTI (n=83)
100% 80% 60% 40% 20% 0% 20% 40% 60% 80% 100%
This scan demonstrates the following anatomical effects: Tract Displacement
Standard DTI (n=85)
Enhanced DTI (n=85)
E
Standard DTI (n=85)

D

This scan demonstrates the following anatomical effects: Tract Infiltration***

Enhanced DTI (n=84)
100% 80% 60% 40% 20% 0% 20% 40% 60% 80% 100%

MiFaise  Partially True [l True
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