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Abstract
Here we present a post-hoc analysis of the long-term follow-up data for the Phase IIB study NCT00431561 regarding the clinical activity of the TGFbeta2-specific 
RNA therapeutic OT101/Trabedersen in recurrent/refractory WHO Grade 3 anaplastic astrocytoma (R/R AA) patients. OT101 was administered intratumorally by 
continuous infusion via CEDOT for 5 consecutive months to 27 recurrent/refractory WHO Grade 3 anaplastic astrocytoma (R/R AA) patients in two dose cohorts 
(2.5 mg/cycle and 19.8 mg/cycle). 14 of the 27 patients (51.9%) had a sustained partial response (PR) or complete response (CR). The median overall survival (OS) 
time of 1136 days was significantly better than the 590 days median OS (Log Rank χ2=6.5, P-value=0.011) of the temozolomide (TMZ)-treated control patient 
population (N=11).
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Introduction
Prognosis of high-grade gliomas (HGG) has not significantly 

improved despite recent advances in neurosurgery, chemotherapy, 
immuno-oncology, and radiation therapy [1-4] Therefore, effective 
salvage therapies are needed for recurrent/refractory HGG patients who 
have failed their standard therapy options [5-7]. Immuno-oncology 
drugs, including the immune-check point inhibitors (ICI) often have a 
delayed onset of action and have limited applicability for brain tumor 
therapy due to their highly variable central nervous system penetration 
caused by the blood brain barrier (BBB) [8-10]. Convection-enhanced 
delivery (CED) is a strategy that bypasses the BBB entirely and 
enhances drug distribution by applying hydraulic pressure to deliver 
agents directly and evenly into a target region. This technique reliably 
distributes the drug homogenously through the interstitial space of 
the target region and achieves high local drug concentrations in the 
brain [11]. The CEDOT platform was designed to maximize the clinical 
benefit of immuno-oncology drugs for aggressive brain tumors. The 
CEDOT platform that allows repeated infusions of immuno-oncology 
drugs in an outpatient setting for desired extended periods of time, 
includes a single stereotactically placed silicone-based biocompatible 
intratumoral microcatheter, a subcutaneously implanted port access 
system, and a portable external pump. 

The experimental immuno-oncology drug OT101 (also 
known as Trabedersen), a TGFβ2-specific synthetic antisense 
oligodeoxynucleotide (S-ODN), is a first-in-class RNA therapeutic 
with an FDA orphan drug designation and pediatric rare disease 
designation, that is designed to abrogate the tumor-promoting and 
immunosuppressive actions of TGFβ2 in aggressive brain tumors [12-
14]. OT101 has been shown to (i) reduce TGFβ2 production/secretion, 
(ii) inhibit proliferation as well as invasive migration, and (iii) enhance 
sensitivity to lymphocyte-mediated cytotoxicity of human HGG cells 

[12-14]. Intracerebral infusion of OT101 results in rapid distribution 
of OT101 from the infusion site to other parts of the brain, including 
remaining cerebrum, cerebellum, pineal body, and spinal cord in 
preclinical studies [15]. The feasibility of intratumoral application of 
OT101 for treatment of recurrent/refractory HGG patients was first 
shown in Phase I clinical trials that also provided early activity signals 
[13,14]. The preliminary findings of a Phase II study (NCT00431561) 
confirmed its favorable safety profile and showed that OT101 can offer 
early disease control to R/R high-grade glioma patients at 6 months 
at a rate comparable to that achieved with the standard alkylating 
chemotherapy drug temozolomide [16]. We are now reporting our 
post-hoc analysis of the long-term follow-up data on the R/R AA 
patient subpopulation treated in the NCT00431561 study as proof of 
concept for the clinical utility of the CEDOT platform. Notably, OT101 
administered intratumorally via the CEDOT platform exhibited 
clinically meaningful single-agent activity and induced durable 
complete response (CR), partial response (PR) in more than half of 
the treated R/R AA patients. The median overall survival of patients 
receiving the CEDOT-delivered experimental therapy 1136 (95% CI: 
811 - 1743) days which was significantly better than the 590 (95% CI: 
287 - NA) days median OS (Log Rank χ2=6.5, P-value=0.011) of the 
TMZ-treated patient population. 
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Materials and methods 
Study approval

This study was performed in compliance with the ICH(E6) 
good clinical practice (GCP) guidelines and with approval from 
independent ethics committees as well as Institutional Review Boards 
of the participating institutions. Each patient provided a written 
informed consent. An independent Data and Safety Monitoring Board 
participated in the review of review of the clinical data. The trial was 
registered with ClinicalTrials.gov (Study No. NCT00431561). The 
study was subject to all applicable regional and national regulations. 
Monitoring of the German, Austrian and Israeli centres was performed 
by the Clinical Research Organizations (CROs) HESPERION Ltd., 
Switzerland and Premier Research Group plc, United Kingdom (UK). 
The Indian centres were monitored by the CRO SIRO Clinpharm 
Private Ltd. The CRO Evidence CPR monitored the study sites in Russia 
and Georgia. Data management was performed by Premier Research 
Group plc. in Crowthorne, UK, with data entry being performed in 
Darmstadt, Germany.

Investigational medicinal product and CED drug delivery 
system

Randomized groups of two OT101 dose cohorts received OT101 
via a single intratumoral catheter that was implanted into target lesion. 
OT101 was infused intratumorally using CED. One treatment cycle 
with OT101 lasted 14 days and consisted of a 7-day administration of 

OT101, followed by administration of isotonic saline solution for 7 days. 
The port system and the intratumoral catheter for OT101 delivery were 
implanted 2 days prior to starting the OT101 treatments and removed 
after the last scheduled 7-day infusion of isotonic (0.9%) saline. OT101 
dissolved in isotonic (0.9%) aqueous sodium chloride solution at a 
final concentration of either 10 µM or 80 µM was administered at 4 
µL/min for 7 days. The total OT101 dose per cycle was 2.5 mg (10 µM 
group) or 19.8 mg (80 µM group). According to the clinical protocol, 
eligible patients assigned to an OT101 dose cohort were to be treated 
with OT101 for at least 8 weeks corresponding to 4 cycles of OT101 and 
receive a maximum of 11 treatment cycles of OT101. The investigational 
medicinal product (IMP) was provided to treating centers as a sterile 
lyophilizate in 50 mL glass vials containing 7.37 mg OT101. Prior to 
administration the lyophilized OT101 was reconstituted in sterile 0.9% 
isotonic sodium chloride solution for infusion. A concentration of 
either 10 µM or 80 µM of active ingredient dissolved in isotonic (0.9%) 
aqueous sodium chloride solution was administered. The OT101 dose 
delivered each cycle was either 2.5 mg or 19.8 mg. During the treatment-
free intervals, blocking of the intratumoral catheter was prevented by 
a continuous isotonic saline infusion. Saline infusion started at a flow 
rate of 4 µL/min to rinse the remaining OT101 solution in the catheter. 
After 10 h, the flow rate was reduced to 1 µL/min for the duration of the 
7-day infusion period. 

The CED system “CEDOT” depicted in Figure 1 included the 
following components: An implanted catheter placed intratumorally 

Figure 1. Components of the CEDOT system for intratumoral OT101 therapy. [A] Overview.  [B] Implanted components.  [C] CED system assembled. [D] external components
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and connected subcutaneously to a port access system (consisting of 
port chamber and port catheter) by a connecting piece. For this purpose, 
a connecting piece was used between port catheter and ventricular 
catheter. Both catheters were barium impregnated to facilitate control 
of their correct placement. The port system was pre-filled with 
isotonic (0.9%) saline solution and its postoperative position as well 
as the localization of the intratumoral catheter tip was controlled and 
documented by X-ray and CT. A portable external pump (Pegasus Vario, 
with study-specific configuration) (Venner Medical, Dänischenhagen, 
Germany) ensured the delivery of the drug at the specified infusion 
rate of 4 µL/min. The external portable pump was connected to the 
port system by a special port puncture needle. The subcutaneous 
access system was implanted by local surgeons or neurosurgeons. The 
intratumoral catheter was placed by the neurosurgeons. Cranial CT 
(CCT) or brain MRI were performed during the preparation period for 
determination of the target region within the brain tumor for placement 
of the intratumoral catheter and calculation of the planned position of 
the catheter tip. A CCT scan was performed on Day 2 after placement 
of the intratumoral catheter to ensure correct placement of the catheter 
tip as well as to detect any possible procedure-related complication 
(e.g. hemorrhage). The local neuroradiologists, radiologists, and their 
technical assistants obtained MRIs and CCTs. The described delivery 
system allowed treatment of eligible patients repeated OT101 infusions 
in an outpatient setting.

Efficacy measurements

Activity and efficacy analyses were performed for all 27 patients 
in the OT101 treatment groups. For immediate decision-making 
during the course of the study, the local neuroradiologists evaluated 
patients local MRIs according to study specific procedures, filed in the 
TMF. For a standardized response assessment for the study analysis, 
an independent Central MRI Reading (CMRIR) was performed 
by a specialized central reading institute (Timaq Medical Imaging 
Inc, Zurich, Switzerland). Central reading was conducted by two 
independent neuroradiologists with an additional adjudicator for cases 
of predefined discrepancies in the reports of the two readers.

The axial T2- and T1-weighted sequences were performed in 
identical slice positions to ensure comparability. The coronal scans 
were oriented parallel to the dorsal contour of the brain stem at the 
level of the pons. The sagittal T1-weighted 3D sequence covered the 
whole brain. Before the IV injection of contrast medium (CM), the 
acquisition sequence included T2 axial, native (Turbo spin echo/TSE 
or fast spin echo/FSE, slice thickness: 6 mm, Gap: 0.6 mm, TE/Echo 
time: 80-120 msec) and T1 axial native (spin echo/SE, not TSE, slice 
thickness: 6 mm, Gap: 0.6 mm, TE/ Echo time: 80-120 msec) images. 
One minute after intravenous injection of Gadolinium-based CM (0.1 
mmol/kg body weight), the acquisition sequence included T1 axial + 
CM (SE, not TSE; slice thickness: 6 mm; gap: 0.6 mm, TE: 12-20 msec), 
T1 coronal + CM (SE, not TSE; slice thickness: 6 mm; gap: 1.2-1.8 mm, 
TE: 12-20 msec) and T1-3D gradient echo, sagittal + CM (to cover the 
whole brain, slice thickness: maximum 1.5 mm) images.

Best overall response (BOR) was defined as the best response 
(i.e. CR, PR or SD) observed from the start of treatment until disease 
progression. For determining the treatment response of individual 
patients to OT101, standard MacDonald criteria were used. Complete 
Response (CR) was defined as the disappearance of all enhancing tumor 
on consecutive MRIs (at least one month apart), off steroids. Partial 
Response (PR) was defined as ≥50% reduction in size of enhancing 
tumor on consecutive MRIs (at least one month apart), steroids stable 

or reduced. CR and PR were confirmed by two consecutive observations 
not less than four weeks apart.

Duration of objective response was defined as the interval from 
the onset of CR or PR to SD, PD or death due to any cause, whichever 
occurred first. Patients who did not progress or die were censored at the 
last tumor assessment date. Time to progression (TTP) was calculated 
for all patients from the date of randomization to the date of the first 
documented tumor progression. Patients who were switched to another 
anti-tumor therapy were assumed progressed at the time of switch even 
if the progression was not documented by MRI assessments. Patients 
who remained alive without PD were censored at last follow-up. If the 
patient had not shown clinical signs of progression, continuation of 
study treatment was allowed in case of tumor progression according to 
MRI assessment within the first three months.

Overall survival (OS) was the time from the date of randomization 
to time of death. Surviving patients were censored at their last follow-
up. Progression-free survival (PFS) was the time from randomization 
to documentation of PD or death. Patients who remained alive without 
PD were censored at last follow-up. Standard definitions were used for 
time to progression and duration of objective response.

Patient characteristics and execution of the clinical trial 

NCT00431561 was a multi-national, multi-center, open-label 
interventional clinical study. The diagnosis was histopathologically 
confirmed before start of treatments. Patients had to have an expected 
life expectancy of ≥ 3 months and a baseline KPS score ≥70%. Patients 
who had recent tumor resection within 14 days prior to study entry 
were excluded as were patients receiving radiation therapy within 
eight weeks prior to randomization. Treatment with chemotherapy, 
hormone therapy, or any other therapies with established or suggested 
antitumor effects had to be finished 4 weeks to 6 weeks (nitrosureas 
only) before randomization. No prior stereotactic radiosurgery 
or interstitial brachytherapy and no TGFβ2-targeting therapy or 
antitumor vaccination were allowed. Patients who had received another 
investigational agent within 30 days prior to randomization were not 
eligible. In order to isolate the clinical single agent anti-HGG activity 
of OT101, no other cancer treatments, standard or experimental 
(including but not limited to radiation therapy, chemotherapy, or 
immunotherapy) were administered unless the patient experienced 
progression of disease (PD). In the NCT00431561 study, a total of 98 
patients (AA: 30; GBM: 68) were randomized to one of the 2 treatment 
arms of OT101 representing 2 different dose cohorts, namely 2.5 mg/
cycle (N=48) and 19.8 mg/cycle (N=50), respectively. Of the 30 AA 
patients, 14 were randomized to the low dose cohort and 16 were 
randomized to the high dose cohort. A total of 3 patients (2 in the low 
dose cohort and 1 in the high dose cohort) discontinued the study after 
randomization but before any intervention. The remaining 27 patients, 
12 in the low dose cohort and 15 in the high dose cohort served both as 
the safety population as well as the modified intent to treat population 
(Table 1). These 27 patients as well as 11 control patients who represent 
all AA patients who were treated with the standard chemotherapy drug 
TMZ represent the study population for this post-hoc analysis. Patient 
characteristics and the neuro-oncologic medical history of the patients 
are shown in Table 2. There were no statistically significant differences 
between the OT101-treated (N=27) and TMZ-treated (N=11) patient 
populations (Table 2) except for their objective response rates. In 
particular, their age, gender/race distribution, performance status, 
target lesion size, previous treatment history, and time from previous 
therapy were similar.
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Treatment group
OT101 

2.5mg/cycle 
N

OT101 
19.8mg/cycle 

N

Combined Total 
N

Patient population    
Intent-to-Treat (ITT) 14 16 30
Discontinued after randomization (before catheter-port surgery in OT101 groups) 2 1 3
Safety population (Catheter surgery and/or OT101 treatment) 12 15 27
Discontinued after catheter surgery, before OT101 administration 0 0 0
Modified Intent to Treat population (mITT)/Treated with OT101 12 15 27

Table 1. Analysis populations of AA patients randomized to treatment with OT101

N: Number of patients; AA: Anaplastic astrocytoma (WHO Grade 3)

Gender  - # (%)
Female
Male

8 (29.6)
19 (70.4)

4 (36.4)
7 (63.6) NS

Race - # (%) 
Caucasian
Asian
Black

13 (48.1)
14 (51.9)
0 (0.0)

3 (27.3)
8 (72.7)
0 (0.0) NS

Age (Years)
Median (Range)
Mean±SE

40 (23-59)
40.3 ± 2.0

39 (21-67)
39.7±4.2 NS

KPS Score at Baseline
Median (Range)
Mean ± SE

90 (70-100)
87.0±1.8

90 (70-100)
87.3±2.7 NS

Size of Largest Target Tumor Lesion
2-D in cm2 – Median (Mean±SE)
3-D in cm3 – Median (Mean±SE)

7.6 (7.6±0.7)
17.3 (19.0±2.0)

8.5 (8.6±1.3)
13.4 (23.2±5.5) NS

OT101 Dose Cohort - # (%)
Low (2.5 mg/cycle)
High (19.8 mg/cycle)

12 (44.4)
15 (55.6) NA NA

Number of OT101 Cycles
Median (Range)
Mean±SE

11 (2-11)
9.0±0.5 NA NA

Total OT101 Dose (mg/m2)
Median (Range)
Mean±SE

39.6 (5.9-152.1)
61.2±9.9 NA NA

Number of Chemotherapy Cycles
Median (Range)
Mean ±SE

NA
 NA

6 (1-6)
5.1±0.5 NA

Time from last cancer therapy
Median (Mean±SE) 154 (449±153) 105 (211±81) NS
Time from Diagnosis 
Median (Mean±SE) 251 (608±183) 224 (459±150) NS
Previous antitumor therapy – # (%)
 Radiation ± Resection 26 (96.3) 11 (100)
 Chemotherapy ± Resection 13 (48.1) 5 (45.5)) NS
Number of previous surgeries – # (%)
 1 20 (74.1) 9 (81.8)
 2 5 (18.5) 2 (18.2) NS
 > 2 2 (7.4) 0 (0.0)
Number of previous radiotherapies - # (%)
 0 1  (3.7) 0 (0.0)
 1 24 (88.9) 10 (90.9) NS
 2 2 (7.4) 1 (9.1)
Number of previous chemotherapies
 0 14 (51.9) 6 (54.5)
 1
       2

13 (48.1)
0 (0.0)

4 (36.4)
1 (9.1) NS

Best Overall Response
CR + PR
No objective response

14
13

1
9

P=0.028 
(Fisher’s Exact, 

two-tailed)

Table 2. Patient information and objective response rates
OT101 (N=27)                   TMZ (N=11)*    

NA: not applicable; NS: P-value>0.05/not significant.  *One of the 11 TMZ-treated patients died early due to pneumonia on day 16 after randomization and was not evaluable for best 
overall response
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Statistical analyses

Standard statistical methods were applied for the analysis of data. 
The distribution of time-to-event survival end points on the OS and 
PFS curves were estimated by the Kaplan-Meier method. Differences 
between patient subgroups were evaluated by log-rank statistics. The 
analyses were performed using JMP software (version 10.02, SAS 
Institute, Inc, Cary, NC), and R software, version 3.5.2 (R Foundation 
for Statistical Computing) loaded with statistical packages for survival 
analysis (survMisc_0.5.5; survival_2.44-1.1 and survminer_0.4.4) with 
default settings. Survival curves were visualized using the survminer 
graphing package (Drawing Survival Curves using 'ggplot2'. R package 
version 0.4.4; https://CRAN.R-project.org/package=survminer). For 
the patients who had a CR or PR as their BOR, Waterfall plots were 
used to represent the maximum percentage or log10 change in MRI-
based tumor volume of the target lesion relative to measurements taken 
at baseline. To test whether a fixed fraction of the tumor cells is killed 
regardless of the tumor size, we investigated the first order kinetics of 
the tumor reductions in each of the objective responder patients (viz., 
patients with a CR or PR as their BOR) by fitting a straight line to a 
semi-log plot of the portion of the tumor growth curve that displayed 
maximum reduction in tumor size over the course of OT101 treatment. 
The slope of the line represents the rate constant for tumor reduction 
in log10 scale, and times to 90% (T10: -1/Slope) reduction of tumor 
volumes were calculated using the rate constant.

Results and discussion
Fourteen of the 27 patients (51.9%) had a sustained partial response 

(PR) or complete response (CR) (Table 2) to the immuno-oncology 
drug OT101 following a robust size reduction of their target lesions 
(Figure 2). The median time for 90% reduction of their baseline tumor 
volume was 11.8 months (Range: 4.9-57.7 months). Seven (50%) of the 
14 responders were in the 2.5 mg/cycle low dose cohort and 7 (50%) 
were in the 19.8 mg/cycle high dose cohort. Waterfall plots depicting 
the maximum log10 reduction values for the tumor volumes of the 14 
objective responders following OT101 treatment are shown in Figure 
3. The mean log10 reduction for the 14 responders was 2.2 ± 0.4 
(Median=1.6, Range: 0.4-4.3) logs. The mean percent reduction for the 
14 responders was 92.6±3.4 (Median=97.0, Range: 57.5-100%). Four 
patients achieved 100% reduction in tumor volume over the course of 
the treatment.

The median time to objective response was 274 (Range: 37-914) days 
(mean ±SE : 322 ± 56 days). The PR in 2 of these 14 patients deepened 
to a CR at 917 and 1838 days, respectively. Of these 14 objective 
responders, 10 had a response duration of >6 months, including 3 
patients with a response duration of 7.3-9.4 months and 5 patients had a 
durable response with a median response duration of 3.7 years (viz.: 1.1 
years, 3.0 years, 3.7 years, 3.8 years, and 4.2 years. By comparison, only 
one of the 10 control patients with Grade 3 AA evaluable for response 
who were treated with the alkylating chemotherapy drug temozolomide 
(TMZ) had an objective response/PR (10%) (P=0.028, Fisher’s Exact 
test, two-tailed) and the PR lasted only 142 days (4.7 months).

This highly significant difference in objective response rates also 
translated into an overall survival advantage for the OT101-treated 
AA patients regardless of the dose cohort. For the 27 patients treated 
with OT101, the Kaplan-Meier probability estimates for the median 
OS was 1136 (95% CI: 811 - 1743) days which was significantly better 
than the 590 (95% CI: 287 - NA) days median OS (Log Rank χ2=6.5, 
P-value=0.011) of the TMZ-treated control patient population (Figure 
4). There were no differences in survival outcome of the two OT101 

dose cohorts: Median OS=1262 days (95% CI: 963-NA days) for 2.5 
mg/cycle (N=12) vs Median OS=1072 days (95% CI: 424-NA days) 
for 19.8 mg/cycle, Log Rank χ2=0.49, P=0.49). These results in R/R 
AA patients demonstrate that CEDOT-administered OT101 induces 
durable PR or CR in an aggressive brain tumor patient population. To 
our knowledge, this is the first demonstration that the intratumoral 
delivery of an RNA therapeutic (or any other immuno-oncology drug 
candidate) via extended CED in the absence of other therapeutic agents 
or radiation results in >3.5 year OS in more than half of a R/R high-
grade glioma patient population. The CEDOT platform is anticipated 
to allow the combined use of distinct immuno-oncology modalities, 
including immune checkpoint inhibitors, oncolytic viruses, and anti-
TGF agents with a high clinical impact potential for aggressive and 
difficult-to-treat brain tumors.

A number of limitations should be pointed out for this study: First 
and foremost, our results should be interpreted with due caution within 
the inherent limitations of a post-hoc analysis. Having an objective 
response (i.e., CR or PR) is not a proven surrogate marker for PFS or 
OS in HGG patients [17]. Notwithstanding the fact that MRI imaging 
provides only a surrogate measure of the disease activity and status in 
HGG patients [17], the observed association of the objective responses 
with prolonged OS demonstrates that OT101 treatments can benefit 
R/R HGG patients. The observed robust tumor reduction in a subgroup 
of patients with favourable responses as confirmed by independent 
central review combined with the long-term survival of objective 
responders is unprecedented for an immuno-oncology drug. Other 
limitations of this Phase II study include the heterogeneous nature, lack 
of genomic information and very small size for the patient population. 
It will be important to further evaluate the clinical potential of OT101 
in a larger and a more homogenous patient population (e.g. IDH-
wildtype WHO Grade 3 AA patients who have failed a temozolomide-
based first line adjuvant therapy, especially those whose tumors are 
MGMT-unmethylated).

In the present study, OT101 was administered via CED [11] and 
a number of CED and device-related complications were identified. It 
will be important to reduce the risk of procedure/device related early 
complications, including CNS infections to not only maximize patient 
safety but also to further improve the OS outcome. The use of antibiotic-
impregnated catheters that have recently become commercially available 
and implementation of an intensive training program for the medical 
personnel involved in the maintenance of the CED system to ensure 
high standards of hygiene as well as perioperative use of prophylactic 
antibiotics during catheter and port placement may reduce the risk of 
infections. Additional risk mitigation measures may help avoid potential 
catheter misplacement and intratumoral bleeding in future studies by 
(i) avoiding biopsies from the catheter tip which might lead to tissue 
disruption as well as bleeding and (iii) applying high precision catheter 
placement by an optimized stereotactic procedure and by tracking the 
delivery of the OT101 infusion using real-time intraoperative MRI 
imaging as well as using a software for 3-D drug distribution simulation. 
We anticipate that the incorporation of the insights and lessons learned 
from this analysis in the further clinical evaluation and development of 
OT101 will help improve the potential for patient benefit.

TGFβ has been shown curb the anti-tumor function of TME by 
both limiting T-cell infiltration and suppressing the function of the 
immune system elements [18-21]. TGFβ has been implicated as a key 
contributor to the immunosuppressive landscape of the TME in HGGs 
[22,23]. TGFβ has recently been implicated in T-cell exclusion from 
TME contributing to tumor immune evasion and a poor response to 
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Figure 2. Time-dependent reduction of target lesion size in OT101 treated R/R adult AA (WHO Grade III) patients. These 3 representative AA patients achieved an objective response 
by standard McDonald criteria. In all 3 patients, review of MRI images by 2-3 independent reviewers (open circle: Reviewer 1; Closed circle: Reviewer 2; Triangle: Reviewer 3/
Adjudicator) showed a time-dependent decrease of the 3-D (Panels A, C, E) size of the target lesion.  We also investigated the first order kinetics of the tumor reductions in each 
patient by fitting a straight line to a semi-log plot of the portion of the 3-D tumor volume reduction curve that displayed maximum reduction in tumor size over the course of OT101 
treatment (Panels B, D and F). The slope of the line represents the rate constant for tumor reduction in log10 scale, and duration times to 90% (T10: -1/Slope) and 99% (T1: -2/Slope) 
percent reduction of tumor volumes were calculated using the rate constant
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Figure 3. Imaging Responses in R/R AA (WHO Grade 3) Patients Treated with OT101 Monotherapy Who Achieved a CR or PR.  [A] A waterfall plot depicting the maximum log10 reduc-
tion values for the tumor volumes.  [B] A semi-log plot of the combined 3-D tumor volume reduction curve for the 14 patients with a CR or PR.  The first order kinetics of the tumor volume 
reduction for the entire population of the 14 objective responders is illustrated by fitting a straight line to a semi-log plot of the portion of the tumor reduction curve that displayed maximum 
reduction in tumor size over the course of OT101 treatment.  Data points represent the individual assessments from 2-3 radiologists for each time point of MRI assessment for each of the 
14 patients

Figure 4. Overall survival Outcome of R/R AA patients according to their treatment group. Depicted are the OS curves of the entire 27-patient OT101-treated population and 11-patient 
TMZ-treated population
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immune checkpoint inhibitors [18-21]. TGFβ is being explored as a 
therapeutic target for the treatment of HGGs, due to the compelling 
evidence that the amplified activity of the TGFβ-SMAD signalling 
pathway contributes to the malignant phenotype and poor prognosis 
of GBM in adult patients by enhancing tumor growth, invasion, and 
angiogenesis as well as compromised immune surveillance [12,13,24-
30]. These recent observations regarding the role of TGFβ in tumor-
induced immune suppression prompt the hypothesis that OT101 
could provide the basis for a combined treatment strategy of targeting 
both TGFβ and PD-1/PD-L1 pathways in recurrent HGG patients. 
Intratumoral infusion of a recombinant polio-rhinovirus chimera has 
also shown a promising clinical activity signal in a recent clinical study 
[31]. The CEDOT platform would seem suitable to deliver rationally 
designed combinations of promising agents [1,7,31,32] as salvage 
therapy for R/R HGG patients. 
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