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Abstract
Background.  MDNA55 is an interleukin 4 receptor (IL4R)-targeting toxin in development for recurrent GBM, a uni-
versally fatal disease. IL4R is overexpressed in GBM as well as cells of the tumor microenvironment. High expres-
sion of IL4R is associated with poor clinical outcomes.
Methods.  MDNA55-05 is an open-label, single-arm phase IIb study of MDNA55 in recurrent GBM (rGBM) patients 
with an aggressive form of GBM (de novo GBM, IDH wild-type, and nonresectable at recurrence) on their 1st or 
2nd recurrence. MDNA55 was administered intratumorally as a single dose treatment (dose range of 18 to 240 ug) 
using convection-enhanced delivery (CED) with up to 4 stereo-tactically placed catheters. It was co-infused with 
a contrast agent (Gd-DTPA, Magnevist®) to assess distribution in and around the tumor margins. The flow rate of 
each catheter did not exceed 10μL/min to ensure that the infusion duration did not exceed 48 h. The primary end-
point was mOS, with secondary endpoints determining the effects of IL4R status on mOS and PFS.
Results.  MDNA55 showed an acceptable safety profile at doses up to 240 μg. In all evaluable patients (n = 44) mOS 
was 11.64 months (80% one-sided CI 8.62, 15.02) and OS-12 was 46%. A subgroup (n = 32) consisting of IL4R High 
and IL4R Low patients treated with high-dose MDNA55 (>180 ug) showed the best benefit with mOS of 15 months, 
OS-12 of 55%. Based on mRANO criteria, tumor control was observed in 81% (26/32), including those patients who 
exhibited pseudo-progression (15/26).
Conclusions.  MDNA55 demonstrated tumor control and promising survival and may benefit rGBM patients when 
treated at high-dose irrespective of IL4R expression level. 
Trial Registration: Clinicaltrials.gov NCT02858895.
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Key Points

	 A single treatment with MDNA55 increased mOS by up to 50% and 12-month PFS 
by almost 100% compared to approved therapies“

	 Advanced CED (with planning software) for accurate catheter placement, and real-
time imaging to visualize drug distribution.

Recurrent glioblastoma (rGBM) is a condition with bleak 
outlook as treatment options are very limited with no uni-
versally held standard of care.1,2 Resection is not widely 
adopted nor regarded as effective since most patients 
(~70%–75%) are not candidates for repeat gross total re-
section at recurrence, resulting in a large unmet need for 
this patient population.3,4 In addition, rGBM treatment 
is constrained by the blood-brain barrier (BBB), its ag-
gressive and infiltrative nature, and the presence of an 
immunosuppressive tumor microenvironment. These 
challenges are exacerbated in some patients, including 
those with the initial diagnosis of primary de novo GBM,5 
tumors that are not conducive to gross total resection 
upon relapse,1 and presence of wild-type isocitrate dehy-
drogenase (IDH) gene.6

FDA-approved treatment options resulting in prolon-
gation of life have not emerged over the last 25  years. 
Median overall survival (mOS) following recurrence is 6 
to 9 months and 12-month progression-free survival (PFS) 
rate is 2%–10%.7–12 The most recently approved agent 
bevacizumab, an anti-vascular endothelial growth factor 
(VEGF) agent, showed a modest improvement in PFS with 
the maintenance of the quality of life. However, neither 
single agent nor combination trials have led to improved 
survival.8,11,13–16 Recently, a phase III trial of nivolumab 
(PD-1 inhibitor) compared to bevacizumab also failed to 
show survival benefit.17

MDNA55 is an immunotoxin that targets cells expressing 
the Interleukin-4 receptor (IL4R) in GBM and certain cells 
of the tumor microenvironment. High IL4R expression 
is associated with poor outcomes in GBM18,19 and recent 
studies have shown that IL4R expression is maintained 
at the same or higher level upon recurrence.20 IL4R over-
expression has been demonstrated in approximately 75% 

of cancer biopsies and autopsy samples from adult and pe-
diatric GBM,21 and in tumor-infiltrating macrophages and 
MDSCs.22,23 Higher levels of IL4R expression inhibit T-cell 
proliferation in an IL4R-dependent manner.22

MDNA55 consists of an engineered circularly per-
muted Interleukin-4 (cpIL4) fused to a truncated and 
tailored sequence of the Pseudomonas aeruginosa ex-
otoxin A  (PE) via 5 amino acid linker.24 Once bound to 
IL4R, the MDNA55 complex is endocytosed, followed by 
cleavage and activation by furin-like proteases found in 
high concentrations in the endosome of cancer cells.25,26 
The catalytic domain of PE is then released into the cy-
tosol where it induces cell death via ADP-ribosylation of 
Elongation Factor-2 (EF-2) and apoptosis through caspase 
activation.27 Cells that do not express the IL4R target do 
not bind MDNA55 and are not subject to PE-mediated 
effects.28,29

MDNA55 was investigated as a single agent in a phase 
IIb trial in patients with recurrent de novo GBM using 
Convection-Enhanced Delivery (CED) to overcome the 
Blood Brain Barrier (BBB). CED is a minimally invasive pro-
cedure similar to routine biopsy that minimizes systemic 
exposure, while the image-guided technique enhances 
the exposure of active drugs throughout the target region. 
Earlier studies of MDNA5530 utilized 1st generation (ie, 
non-optimized) CED where MDNA55 was delivered using 
large uniform diameter ventricular catheters without the 
use of planning software for surgical catheter placement. 
The current study employs 2nd generation CED technology 
consisting of planning software for accurate catheter 
placement, real-time image-guided CED with a surrogate 
tracer to visualize drug distribution and use of small diam-
eter stepped designed catheters intended to minimize drug 
leakage and back-flow.

Importance of the Study

Despite considerable efforts over the past 4 dec-
ades, outcomes for glioblastoma patients continue to 
be poor with no standard of care available for rGBM. 
Approved therapies have shown median survival of 
only 6–9 months, a 1-year survival rate of 0%–10%, and 
12-month PFS rate of 2%–10%. In addition, treatment 
of rGBM is constrained by the blood-brain barrier, its 
aggressive and infiltrative nature, and presence of an 
immunosuppressive tumor microenvironment. These 
challenges are exacerbated in patients with primary de 

novo GBM, tumors not conducive to resection upon re-
lapse, and contain wild-type IDH genes. Evaluation of 
MDNA55 in this poor prognostic group demonstrated 
a meaningful benefit after a single treatment resulting 
in ~50% increase in median survival and almost 100% 
increase in 12-month PFS when compared to approved 
therapies. MDNA55 presents a promising treatment op-
tion for rGBM patients who otherwise rapidly succumb 
to this disease.

Materials and Methods

Study Design

This was a single-arm, non-randomized, open-label, 
multicenter study designed to test the hypothesis that 
mOS (primary objective) is improved to a clinically signifi-
cant degree with MDNA55 administered via CED, as com-
pared to currently available treatments for rGBM. Further 
details on the study design are presented in section A of 
Supplementary Methods.

Study Population

Eligible patients included male and female pa-
tients ≥18 years of age with histologically confirmed pri-
mary (de novo) GBM that had recurred or progressed (first 
or second recurrence, per standard RANO criteria) after 
treatment(s) including surgery and radiotherapy with or 
without chemotherapy (according to local practice; Stupp 
protocol) and following discontinuation of any previous 
standard or investigational lines of therapy. Patients 
must have had a life expectancy > 12 weeks, Karnofsky 
performance status (KPS) ≥ 70, tumor with a contrast-
enhancing diameter of ≥ 1cm × ≥1cm (minimum) to 4cm 
(maximum) in any direction, by pre-interventional MRI 
within 14 days of planned treatment and had no features 
that made the tumor a poor target for CED (eg, significant 
liquefaction or geometric features or location known to 
cause the failure of CED due to impact on drug distribu-
tion). Patients had to have adequate bone marrow, liver, 
and kidney functions. Patients on steroids had to be on 
a stable or decreasing dose for at least 5  days prior to 
screening imaging. Patients with known mutations in ei-
ther the IDH1 or IDH2 gene or a history of allergy to gado-
linium contrast agent were excluded. Prior investigational 
or anti-VEGF therapies were permitted following suitable 
washout.

MDNA55 Dosing and Administration

Patients underwent stereotactic surgery for placement 
of 1 to 4 infusion catheters followed by an intra- and 
peritumoral infusion of MDNA55 via CED. One subject un-
derwent catheter placement but did not receive MDNA55 
treatment. Patients received a single treatment at concen-
trations ranging from 1.5 to 9.0µg/mL and volumes of up 
to 66mL with a pre-determined total dose ranging from 
18 to 240µg, which is less than or equal to the established 
MTD of 240µg.30 The flow rate of each catheter did not ex-
ceed 10μL/min and was established to ensure that the 
infusion duration did not exceed 48 h. Details on the selec-
tion of dose for each subject are presented in section B of 
Supplementary Methods.

All sites were required to use the Brainlab iPlan® Flow 
planning software (version 3.0.6), Brainlab stepped-
designed catheters, and VarioGuideTM frameless image-
guided stereotactic system to generate a pretreatment 
plan for placement of catheters according to specified 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
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Recurrent glioblastoma (rGBM) is a condition with bleak 
outlook as treatment options are very limited with no uni-
versally held standard of care.1,2 Resection is not widely 
adopted nor regarded as effective since most patients 
(~70%–75%) are not candidates for repeat gross total re-
section at recurrence, resulting in a large unmet need for 
this patient population.3,4 In addition, rGBM treatment 
is constrained by the blood-brain barrier (BBB), its ag-
gressive and infiltrative nature, and the presence of an 
immunosuppressive tumor microenvironment. These 
challenges are exacerbated in some patients, including 
those with the initial diagnosis of primary de novo GBM,5 
tumors that are not conducive to gross total resection 
upon relapse,1 and presence of wild-type isocitrate dehy-
drogenase (IDH) gene.6

FDA-approved treatment options resulting in prolon-
gation of life have not emerged over the last 25  years. 
Median overall survival (mOS) following recurrence is 6 
to 9 months and 12-month progression-free survival (PFS) 
rate is 2%–10%.7–12 The most recently approved agent 
bevacizumab, an anti-vascular endothelial growth factor 
(VEGF) agent, showed a modest improvement in PFS with 
the maintenance of the quality of life. However, neither 
single agent nor combination trials have led to improved 
survival.8,11,13–16 Recently, a phase III trial of nivolumab 
(PD-1 inhibitor) compared to bevacizumab also failed to 
show survival benefit.17

MDNA55 is an immunotoxin that targets cells expressing 
the Interleukin-4 receptor (IL4R) in GBM and certain cells 
of the tumor microenvironment. High IL4R expression 
is associated with poor outcomes in GBM18,19 and recent 
studies have shown that IL4R expression is maintained 
at the same or higher level upon recurrence.20 IL4R over-
expression has been demonstrated in approximately 75% 

Materials and Methods

Study Design

This was a single-arm, non-randomized, open-label, 
multicenter study designed to test the hypothesis that 
mOS (primary objective) is improved to a clinically signifi-
cant degree with MDNA55 administered via CED, as com-
pared to currently available treatments for rGBM. Further 
details on the study design are presented in section A of 
Supplementary Methods.

Study Population

Eligible patients included male and female pa-
tients ≥18 years of age with histologically confirmed pri-
mary (de novo) GBM that had recurred or progressed (first 
or second recurrence, per standard RANO criteria) after 
treatment(s) including surgery and radiotherapy with or 
without chemotherapy (according to local practice; Stupp 
protocol) and following discontinuation of any previous 
standard or investigational lines of therapy. Patients 
must have had a life expectancy > 12 weeks, Karnofsky 
performance status (KPS) ≥ 70, tumor with a contrast-
enhancing diameter of ≥ 1cm × ≥1cm (minimum) to 4cm 
(maximum) in any direction, by pre-interventional MRI 
within 14 days of planned treatment and had no features 
that made the tumor a poor target for CED (eg, significant 
liquefaction or geometric features or location known to 
cause the failure of CED due to impact on drug distribu-
tion). Patients had to have adequate bone marrow, liver, 
and kidney functions. Patients on steroids had to be on 
a stable or decreasing dose for at least 5  days prior to 
screening imaging. Patients with known mutations in ei-
ther the IDH1 or IDH2 gene or a history of allergy to gado-
linium contrast agent were excluded. Prior investigational 
or anti-VEGF therapies were permitted following suitable 
washout.

MDNA55 Dosing and Administration

Patients underwent stereotactic surgery for placement 
of 1 to 4 infusion catheters followed by an intra- and 
peritumoral infusion of MDNA55 via CED. One subject un-
derwent catheter placement but did not receive MDNA55 
treatment. Patients received a single treatment at concen-
trations ranging from 1.5 to 9.0µg/mL and volumes of up 
to 66mL with a pre-determined total dose ranging from 
18 to 240µg, which is less than or equal to the established 
MTD of 240µg.30 The flow rate of each catheter did not ex-
ceed 10μL/min and was established to ensure that the 
infusion duration did not exceed 48 h. Details on the selec-
tion of dose for each subject are presented in section B of 
Supplementary Methods.

All sites were required to use the Brainlab iPlan® Flow 
planning software (version 3.0.6), Brainlab stepped-
designed catheters, and VarioGuideTM frameless image-
guided stereotactic system to generate a pretreatment 
plan for placement of catheters according to specified 

placement guidelines (see section C of Supplementary 
Methods). Co-infusion of a contrast agent (gado-
linium diethylenetriamine pentaacetic acid [Gd DTPA], 
Magnevist®) was applied to assess infusate distribution 
as well as to determine suitability of the iPlan software, 
Varioguide, Brainlab catheter, and catheter placement 
guidelines to deliver MDNA55.

Study Assessments

Post-treatment follow-up assessment of safety was per-
formed 14 (±3) days after treatment. Thereafter, safety and 
efficacy assessments were performed at 30, 60, 90, and 
120 (±7) days after treatment and approximately every 8 
weeks thereafter until 360  days of active follow-up was 
completed.

For pharmacokinetic (PK) analysis, samples were col-
lected at 1, 3, 6, 12, 18, and 24 h post infusion, and on Day 
14; plasma concentration was measured using an MSD® 
ligand-binding method. To assess anti-drug antibodies 
(ADA) titers and the presence of neutralizing antibody 
(NAb), serum samples were collected at screening (base-
line) and at Days 14, 30, 120, 240/270, and 360 or at early 
termination. ADA titers were measured using an MSD® im-
munoassay and NAbs were determined using a cell-based 
radioactive assay utilizing Daudi B-lymphoblast cell line 
(ATCC-CCL-213).

Patients who completed Day 360 assessment without the 
progressive disease (PD) or discontinued early without PD 
continued to be followed for disease status until progres-
sion, where possible. After progression (on study or during 
post-study follow-up), patients continued to be followed 
where possible, for survival until death (or termination of 
data collection by the Sponsor or withdrawal of consent by 
the subject).

The expected duration of study participation for each 
subject was up to 12.5 months, including up to 14 days of 
screening, up to 3 days planning period, and a 12-month 
follow-up period relative to the day of catheter placement/
start of infusion (designated as Day 0).

Response Assessment

All patients had MR images acquired at baseline and at 
follow-up visits according to the international standard-
ized brain tumor imaging protocol in Ellingson et al. (2015) 
including T2-weighted, T2-weighted FLAIR, diffusion-
weighted images, and parameter matched, 1–1.5 mm iso-
tropic 3D T1-weighted scans before and following injection 
of Gd-DTPA. Advanced imaging such as perfusion MRI and 
Treatment Response Assessment Maps (TRAMs) were also 
acquired for some patients.

Since an extended duration of pseudo-progression 
(PsP) was observed in the phase I study,31,32 assessment 
of response in the current study was performed using the 
modified RANO (mRANO) criteria33 as it allowed for contin-
uation of study following initial evidence of radiographic 
progression to confirm either true progression or PsP (see 
section F of Supplementary Methods).

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
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IL4 Receptor Expression Analysis

Retrospective analysis of IL4R expression using archival 
tumor tissue from initial GBM diagnosis and/or tumor 
tissue sample collected at recurrence was conducted 
using a validated immunohistochemistry-based assay at 
a Clinical Laboratory Improvement Amendments (CLIA) 
compliant reference laboratory. H-score determina-
tion method is explained in section E of Supplementary 
Methods.

A positivity cutoff of H-score > 60 was determined to 
provide the most predictive value for IL4R status in re-
lation to efficacy endpoints. Applying this cutoff, 2 
subpopulations were identified: IL4R High = H-score > 60; 
IL4R Low = H-score ≤ 60.

Statistical Analysis

Assessment of safety was based on all patients (safety 
population; N = 47). Evaluation of survival-related effi-
cacy endpoints (OS and effect of IL4R status on OS) was 
based on the Intent to Treat Population (ITT; N = 47) and 
also on those who received any amount of MDNA55 and 
had no major protocol violations (Per Protocol Population, 
PP; N = 44). Determination of response-related secondary 
efficacy endpoints is based on modified intent to treat 
population (mITT; N = 41) comprising of patients with ad-
equate imaging (at least 1 post-treatment scan) and clin-
ical information. Further details on the study endpoints 
are presented in section D of Supplementary Methods. All 
statistical evaluations were performed using SAS® Version 
9.3 or above (SAS® Institute, Cary, North Carolina).

Results

Patient Characteristics and Disposition

A total of 47 patients were enrolled in the study in the 
period between March 23, 2017 to September 12, 2019 at 8 
active clinical sites in the United States and 1 site in Poland. 
As of the study censor date (October 31, 2019), 11 patients 
were alive and continued to be followed for survival.

Baseline disease characteristics are summarized in Table 
1 for the various analysis populations. Among the ITT 
population, median age was 56 years (range: 34 to 78); 30 
patients (63.8%) were male and 17 (36.2%) were female. 
Median time between initial diagnosis and the start of 
treatment was 12.72 months (range: 5.15 to 44.23 months); 
the overall mean maximal tumor diameter at baseline was 
30.8mm. All 47 (100.0%) patients underwent prior surgery 
at initial diagnosis and were not suitable for tumor resec-
tion at relapse (ie, first or second relapse). All but 1 subject 
(98%) received prior temozolomide treatment and all but 1 
subject (98%) received prior radiotherapy. Thirteen (27.7%) 
patients had relapsed following failure on an alternate in-
vestigational therapy prior to enrollment. Approximately 
half (49.0% of patients) had a KPS score of ≤ 80. Thirty-
seven (78.7%) patients had 1 relapse and 10 (21.3%) pa-
tients had 2 relapses at the time of enrollment. MGMT 
gene promoter methylation, being a strong indicator for 

better prognosis in GBM, was observed only in 18 (38.3%) 
patients. Overall, 24 (51.1%) patients had unmethylated 
MGMT status. Five (10.6%) patients had no MGMT data 
available. With respect to IL4R expression, 23 patients 
had an H-score > 60 (ie, High expression) and 19 had an 
H-score ≤ 60 (ie, Low expression) with 5 unknowns due to 
lack of tumor tissues.

MDNA55 Dosing

Volume and concentration were adjusted to optimize de-
livery to the tumor based on infusate distribution and 
tolerability data obtained in real-time from previous pa-
tients in this study under ongoing guidance by the Safety 
Review Committee. During the course of the study, 4 
drug concentrations (1.5, 3.0, 6.0, and 9.0  µg/mL) were 
employed with the volume of administration adjusted 
according to tumor size. Median volume of infusion 
was 30  mL (range: 12 to 66  mL) for a median duration 
of 26.57  h (range: 15.46 to 57.21  h) at an adjusted me-
dian flow rate of 1.095 mL/h (0.58 to 2.83 mL/h). Median 
total dose infused was 180 µg (range: 18.0 to 240.3 µg). 
Median number of catheters was 2 (range: 1–4 catheters). 
Nearly all patients received 100% of the planned total 
dose and infusion volume (median: 100% [range: 88.33% 
to 100.42%]).

MDNA55 Distribution and Tumor Coverage

A semi-automatic segmentation feature of iPlan Flow was 
used for volumetric assessment. The volume of Gd-DTPA 
distribution was analyzed based on pre-and post-CED 3D 
T1-weighted MRI using a customized subtraction algo-
rithm. Based on the tumor volume assessment, Gd-DTPA 
distribution inside the tumor was considered as coverage. 
Overall median tumor coverage achieved was 52.66% 
(range: 0 to 97.8%); median tumor coverage including 
a 1  cm peritumoral margin was 55.14% (range: 5.4% to 
95.2%), and median tumor coverage including a 2  cm 
peritumoral margin was 37.22% (range: 2.2% to 82.9%). 
Median Volume of distribution (Vd)/Volume of infusion (Vi) 
ratio was 1.35 (range: 0.1 to 4.8).

Safety

The most common Adverse Events (AEs) in the total 
subject population were seizure (N = 20, 42.6%), fatigue 
(N = 19, 40.4%), headache (N = 18, 38.3%), and mus-
cular weakness (N = 15, 31.9%) (Table G1 in section G of 
Supplementary Methods). Of the 47 patients, 32 (68.1%) 
had AEs considered by the investigator to be at least 
possibly related to the study drug and/or infusion proce-
dure (Table G2 in section G of Supplementary Methods). 
Overall, the incidence of AEs between the dose groups 
was similar and there was no apparent dose-dependent 
effect. Most frequent possibly related/related AEs were 
seizure (N = 10, 21.3%), fatigue (N = 9, 19.1%), headache 
(N = 8, 17.0%), and pyramidal tract syndrome (N = 8; 
17.0%). Eighteen of 47 patients (38.3%) had a history of 
seizures prior to enrollment.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
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Table 1.  Patient Demographics and Baseline Characteristics for MDNA55-05 Analysis Populations

Baseline Characteristics ITT Population (N = 47) PP Population (N = 44) mITT Population (N = 41) 

Sex

  Male, n (%) 30 (64%) 27 (61%) 25 (61%)

  Female, n (%) 17 (36%) 17 (39%) 16 (39%)

Age

  Median (Range) 56 (34–78) 55 (34–77) 55 (34–77)

  Mean (StDev) 57 (± 11.8) 56 (± 11.8) 56 (± 11.7)

KPS, n (%)

  70 and 80 23 (49%) 22 (50%) 19 (46%)

   and 100 24 (51%) 22 (50%) 22 (54%)

IDH status

  Wild type 38 (81%) 37 (84%) 35 (85%)

  Mutated 0 (0%) 0 (0%) 0 (0%)

  Unknown 9 (19%) 7 (16%) 6 (15%)

MGMT status

  Pos (methylated) 18 (38%) 17 (39%) 15 (37%)

  Neg (unmethylated) 24 (51%) 23 (52%) 22 (54%)

  Unknown 5 (11%) 4 (9%) 4 (10%)

IL4 receptor status

  High (H-score > 60), n (%) 23 (49%) 21 (48%) 21 (51%)

  Low (H-score ≤ 60), n (%) 19 (40%) 19 (43%) 16 (39%)

  Unknown 5 (11%) 4 (9%) 4 (10%)

Max tumor dimension, mm

  Median (Range) 29.6 (7.8 – 58.5) 29.6 (7.8 – 58.5) 29.7 (12.0 – 8.5)

  Mean (St Dev) 30.8 (± 11.08) 30.1 (± 10.8) 31.0 (± 10.5)

Tumor location

  Parietal 15 (32%) 15 (34%) 14 (34%)

  Frontal 14 (30%) 12 (27%) 11 (27%)

  Temporal 10 (21%) 9 (21%) 9 (22%)

  Other 8 (17%) 8 (18%) 7 (17%)

Extent of tumor resection at diagnosis

  Total resection 39 (83%) 36 (82%) 33 (80%)

  Partial resection 8 (17%) 8 (18%) 8 (20%)

Time to 1st relapse, 
months

   

  Median (Range) 10.9 (2.6 – 36.4) 11.3 (4.7 – 36.4) 11.1 (4.7 – 36.4)

  Mean (St Dev) 13.0 (± 7.7) 13.1 (± 7.5) 13.3 (± 7.5)

Number of prior relapses, n (%):

  1 37 (79%) 35 (80%) 33 (80%)

  2 10 (21%) 9 (20%) 8 (20%)

Steroid use at baseline

  None 27 (57%) 27 (61%) 25 (61%)

   ≤ 4 mg/day 14 (30%) 14 (32%) 14 (34%)

   > 4mg/day 5 (11%) 3 (7%) 2 (5%)

  Unknown 1 (2%) 0 (0%) 0 (0%)

Prior treatment, n (%)

  Surgery 47 (100%) 44 (100%) 41 (100%)

  Temozolomide 46 (98%) 43 (98%) 40 (98%)

  Radiation 46 (98%) 43 (98%) 40 (98%)

  Exp Therapy 13 (28%) 12 (27%) 11 (27%)

Abbreviations: ITT = intent to treat, PP = per protocol, mITT = modified intent to treat, N = sample size, KPS = Karnofsky performance status, 
IDH = isocitrate dehydrogenase, MGMT = O6-methylguanine-methyltransferase, IL4R = interleukin 4 receptor.
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AEs were also evaluated based on volume of infusion 
and total dose administered. In both cases, the incidence 
of AEs between groups above and below the median was 
comparable with no clear effect of volume of infusion or 
total dose administered.

Eight (8) patients experienced Grade 5 AEs, six (6) of 
which were unrelated to study drug or/ infusion proce-
dure (Table G3 in section G of Supplementary Methods). 
One subject experienced an AE of a cerebral hemorrhage 
after completing infusion and immediately after removal of 
the catheters and died 14 days post-treatment. This AE was 
thought to be related to the catheter removal procedure 
and was therefore considered to be possibly related to the 
study drug or the CED procedure. However, the underlying 
nature of the disease or infectious complications is alter-
nate consideration for this causality.

PK and ADA

Similar to previous MDNA55 trials, pharmacokinetic re-
sults were well below the lower limit of quantification 
(LLOQ) at all time points, suggesting that intact MDNA55 
did not enter the systemic circulation at measurable levels 
following intracranial infusion.

Nineteen of 47 patients (40.4%) were confirmed 
positive for ADA during the study (2 were positive at 
screening, indicating they were potentially exposed to 
pseudomonas infection) and all 19 patients had positive 
samples post-treatment. Sixteen patients tested positive 
for neutralizing antibodies (Nabs) where the inhibition 
of MDNA55 cytotoxic activity ranged between 6.2% to 
101.3%. However, these effects observed in plasma may 
not be representative of effects within the tumor beyond 
the blood-brain barrier with no clear implications for re-
peated dosing.

Efficacy

Overall survival. 
With a single treatment of MDNA55, the mOS in the ITT 
population was 10.2  months (one-sided 80% CI: 8.39, 
12.75) and in the PP population, the mOS was 11.64 months 
(one-sided 80% CI: 8.62, 15.02). As the lower limit of the CI 
did not include 8.0 months in both ITT (primary analysis) 
and PP Populations (supportive analysis), the null hypoth-
esis was rejected using a single-sample one-sided log-rank 
test at a one-sided 10% significance level and therefore the 
primary endpoint was met. Overall survival at 12 months 
was 43% (95% CI: 29%–57%) in the ITT population and 46% 
(95% CI: 31%–60%) in the PP population.

Exploratory subgroup analyses were conducted on sur-
vival in the PP population for various prognostic and treat-
ment parameters. Results are presented in a Forest Plot 
(Figure 1). Patients with unmethylated MGMT promoters 
treated with MDNA55 showed a similar survival outcome 
compared with those with methylated MGMT promoters 
(mOS was 10.20 vs. 11.64  months; P = .632. OS-12 was 
46% vs. 41%, respectively). There was also no significant 
difference in survival based on the total dose of MDNA55 
administered (either above or below the median dose of 

180 µg) or the volume infused (above or below the median 
infusion volume of 30 mL).

Dose-effect relationship of MDNA55 dose by 
IL4R status

OS based on IL4R expression of the primary tumor was 
evaluated as a secondary endpoint in the study. IL4R High 
patients showed an mOS of 15.02 months and IL4R Low 
patients showed an mOS of 8.4  months, although this 
difference did not reach statistical significance (P = .215) 
(Figure 1). OS-12 was 57% versus 33%, respectively.

Further analysis of OS evaluating the relationship 
between MDNA55 dose and IL4R status identified a 
subpopulation in the IL4R Low group that demonstrated 
increased survival—those receiving high doses (≥180µg) 
of MDNA55 (designated as the IL4R LowHD population). 
These patients demonstrated an OS-12 of 53% (Table 2 and 
Figure 2) despite not reaching the mOS at the time of study 
censor. This was roughly equivalent to the IL4R High group 
receiving any dose (OS-12 of 56% and 58%). In contrast, pa-
tients in the IL4R Low group receiving low doses (<180µg; 
designated as the IL4R LowLD population) demonstrated an 
mOS of 8.0 months, no different from the literature-derived 
null assumption of OS for the study. Combination of the 
IL4R High group (receiving any dose) and the IL4R LowHD 
groups yielded an mOS of 15.0 months and OS-12 of 55% 
(Table 2 and Figure 2). These data suggest that MDNA55 
treatment may benefit rGBM patients if administered at a 
high dose irrespective of IL4R expression level.

Tumor Control and Progression-Free Survival

In total, 1 of 41 evaluable patients had an objective re-
sponse (ORR = 2.4%), which continued to shrink for more 
than 358 days until study closure. Twenty of the 41 (48.8%) 
evaluable patients exhibited PsP on follow-up imaging. 
Tumor shrinkage or stabilization relative to pretreatment 
baseline using mRANO criteria was observed in 31 of 41 
patients (Figure 3A), with 1 patient exhibiting evidence 
of a durable CR following initial radiographic changes 
consistent with PsP, resulting in a total Tumor Control 
Rate (TCR) of 75.6%. In the population comprised of IL4R 
High + IL4R LowHD patients (Figure 3B), the TCR was 81%. 
PFS based on radiologic-only assessment using mRANO 
criteria demonstrated a median PFS of 3.61 months (95% 
CI: 2.62, 7.70). PFS-6 was 33%, PFS-9 was 27%, and PFS-12 
was 27%.

Case studies shown in Figure 4 provide examples of de-
layed onset response observed after pseudo-progression 
and confirmed by advanced imaging techniques (perfusion 
MRI or TRAMs). Figure 4A shows a subject with an increase 
in contrast enhancement in T1-weighted MRI at Day 60 
which was suggestive of progression, however, decrease 
blood uptake by perfusion MRI suggests decreased active 
tumor and occurrence of pseudo-progression. Figure 4B 
shows a subject with increased contrast enhancement at 
Days 30 and 60, however, TRAMs revealed improvement 
occurring in the lesion area, showing mostly red (necrotic) 
regions at Day 60.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac285#supplementary-data
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Figure 1.  Forest plot for median overall survival based on various prognostic and treatment parameters (PP Population).
�Abbreviations: CI = confidence interval, HR = hazard’s ratio, IL4R = interleukin 4 receptor, N = sample size, KPS = Karnofsky performance status, 
IDH = isocitrate dehydrogenase, MGMT = O6-methylguanine-methyltransferase, IL4R = interleukin 4 receptor.  
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Discussion

Currently, treatment options following the recurrence of 
primary GBM are very limited and not effective. MDNA55 
is a rationally designed targeted therapy with the poten-
tial to extend the survival of patients with rGBM. The treat-
ment strategy of this study consisted of intra-tumoral and 
peritumoral administration of MDNA55 by-passing the 
BBB using an advanced CED delivery technique thereby 

targeting the bulk tumor in situ. Data from the MDNA55-
05 study showed that a single administration of MDNA55 
resulted in mOS of up to 15 months and OS-12 of 55% in 
a population where median survival with approved ther-
apies remained at 6–9 months and 1-year survival rate is 
less than 35%.7–12

Though MDNA55 showed promising survival over 
approved therapies, the single-arm (non-randomized) 
study design and small number of patients are limiting 
factors. Recognizing these limitations of the study and 
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Figure 2.  Survival curves depicting the dose-effect relationship between MDNA55 dose and IL4R status. (A) IL4R Low group 
treated with high and low-dose MDNA55. (B) IL4R low and high groups treated with low-dose MDNA55. (C) IL4R high group treated with high and 
low-dose MDNA55. (D) IL4R low and high groups treated with high-dose MDNA55.
  

  
Table 2.  Comparison of Overall Survival by IL4R Group and MDNA55 Dose

IL4R Groups and MDNA55  
Dose 

N Median OS (95% CI) OS-12 P-value  
HR (95% CI) 

IL4R low HD 11 NR (4.39, NR) 53% .055  
0.35 (0.11, 1.07)IL4R low LD 8 8.00 (0.82, 11.64) 13%

IL4R high LD 12 13.52 (6.00, 23.38) 58% .009  
0.25 (0.08, 0.76)IL4R low LD 8 8.00 (0.82, 11.64) 13%

IL4R high LD 12 13.52 (6.00, 23.38) 58% .561  
1.34 (0.49, 3.65)IL4R high HD 9 15.15 (5.74, NR) 56%

IL4R low HD 11 NR (4.39, NR) 53% .697  
0.79 (0.25, 2.54)IL4R high HD 9 15.15 (5.74, NR) 56%

IL4R high + IL4R Low HD 32 15.02 (7.70, 16.43) 55% .005  
0.30 (0.13, 0.73)IL4R low LD 8 8.00 (0.82, 11.64) 13%

Abbreviations: OS = overall survival, CI = confidence interval, HR = hazard’s ratio, IL4R = interleukin 4 receptor, LD = Low Dose, HD = High Dose, 
N = sample size, NR = not reached, OS-12 = overall survival at 12 months.
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challenges associated with the use of historical con-
trols from published data as a comparator, the survival 
results of this study were also assessed relative to a 
well-balanced propensity-matched external control arm 
(ECA). The analysis concluded that the survival benefit 
observed in the study was attributed to MDNA55.34–36 We 
have included the ECA principally to draw attention to 
this approach for study design given we have recently 
been approved by the FDA to use this in a registration 
trial. We believe that this is a significant opportunity for 
the neuro-oncology community. However, we recognize 
that these analyses were not part of the prespecified sta-
tistical analysis plan and therefore should be interpreted 
with some caution.

The mOS benefit of MDNA55 treatment is encouraging, 
particularly in a population that is known to have a poor 
prognosis. Moreover, unmethylated MGMT gene pro-
moter, 1 predictive factor of poor prognosis in rGBM, was 
observed in more than 50% of the MDNA55 study popu-
lation. Overall survival of this group was similar to that of 
patients with methylated MGMT promoters, suggesting 
no association between MGMT gene methylation and 
MDNA55 activity and a potential benefit to this group which 
comprises nearly 40% to 50% of the GBM population.37

Overall, the safety profile in this study was consistent with 
previous MDNA55 studies and no new safety findings were 
observed. Drug-related AEs were primarily neurological 
or an exacerbation of preexisting neurological conditions 
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Figure 3.  Waterfall Plot of Best Tumor Response Assessed by Modified RANO (mRANO). Bars represent best response in % 
change in Sum of Product Diameters (SPD) on the basis of contrast-enhanced MRI compared to pretreatment baseline. Shown are the best tumor 
response in (A) all evaluable subjects, and (B) Subjects in the IL4R High + IL4R LowHigh Dose sub-population. Asterisks represent subjects that 
experienced initial pseudo-progression on the first radiographic time point.
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related to the primary disease of GBM. The CED procedure 
was well tolerated with only 2 patients having to discon-
tinue infusion due to AEs related to procedure. One sub-
ject experienced an AE of cerebral hemorrhage shortly after 
completion of infusion and immediately after removal of the 
catheters and died 14 days later. This AE was thought to be 
related to catheter removal and was therefore considered 
to be possibly related to the study drug or CED procedure. 
However, the underlying nature of the disease or infectious 
complications is alternate consideration for this causality.

Patients treated with MDNA55 developed anti-drug anti-
bodies, including neutralizing antibodies. These data sug-
gested that there was low systemic exposure of MDNA55 
that was sufficient to elicit an immune response. However, 
ovalbumin injection into the brain or CSF of rats has re-
sulted in immunogenicity related to events occurring with 
the CNS38 rather than a result of systemic exposure. This 
suggests that systemic exposure to MDNA55 may not be 
necessary to generate an immune response and anti-drug 
antibody generation.
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Standard RANO criteria are the currently accepted 
benchmark for response assessment in rGBM, however, 
it was determined not to be the most appropriate tool 
for determining the therapeutic benefit of MDNA55 due 
to the high incidence of pseudo-progression (48.8%) fol-
lowing treatment. This confounded the interpretation by 
standard RANO of objective responses for estimating PFS, 
as pseudo-progression in these patients could falsely sug-
gest early failure despite a trend toward longer survival.39 
The mRANO criteria allow for the continuation of therapy 
during initial evidence of radiographic progression to 
distinguish between true tumor growth from possible 
PsP.40 It also allows for use of the initial radiological scan 
documenting PsP-related “progression” as a new refer-
ence baseline, to objectively define and document the de-
gree of possible PsP events. In this study, tumor control 
was observed in a number of patients, particularly after a 
transient increase in the size of the area of enhancement 
on imaging at the earlier time points.

The engineering of MDNA55 to target the IL4R on tumor 
cells suggests that patients with high IL4R expression 
would benefit most from MDNA55 treatment due to the in-
creased probability of toxin exposure. In the MDNA55-05 
study, it was observed that the effect of IL4R expression 
on overall survival could be differentiated when the drug 
dose was low in contrast to when the drug dose was high. 
Though the IL4R subgroup analysis was not a pre-specified 
hypothesis and not statistically powered, this observation 
is consistent with preclinical studies showing that tumors 
expressing low levels of the IL4R do respond well to higher 
doses of MDNA55.41 These subgroup results are to be in-
terpreted with caution given the small sample size and will 
be validated in the pivotal trial. Conversely, the apparent 
lower level of the biological effect of MDNA55 at low doses 
may be attributed to a requirement for higher IL4R expres-
sion when drug exposure is low. In patients with high IL4R 
expression, MDNA55 dose did not have much effect. This 
could be because once a threshold number of IL4Rs on 
the target tumor cell bind to MDNA55 and deliver the toxic 
payload causing cell death, any further increase in dose 
does not have any incremental effect on the fate of tumor 
cells.42

CED is a minimally invasive procedure, similar to a bi-
opsy, that improves drug delivery by utilizing bulk flow, or 
fluid convection, established as a result of a pressure rather 
than a concentration gradient.43 As such, it offers markedly 
improved distribution of infused therapeutics within the 
CNS compared to direct injection or via drug-eluting poly-
mers, both of which depend on diffusion for parenchymal 
distribution. Additionally, CED obviates the challenges of 
agents crossing the BBB while minimizing systemic ex-
posure and toxicity.43–45 In previous studies of MDNA55, 
it was not possible to assess the distribution in real-time 
which resulted in leakage and poor tumor coverage. This 
current study employs state-of-the-art CED techniques with 
planning software for accurate catheter placement, and 
real-time image guidance with a surrogate tracer to vis-
ualize drug distribution46,47 resulting in much better drug 
distribution (~2X the % tumor coverage) compared to 
earlier studies using 1st generation CED technique.48,49

In conclusion, MDNA55 treatment showed promising 
survival compared to currently approved therapies and 

exhibited an acceptable risk-benefit profile in a population 
expected to have a poor prognosis. Single treatment with 
MDNA55 increased mOS by up to 50% and 12-month PFS 
by almost 100% when compared to approved therapies. 
Combining targeted treatment and advanced drug delivery 
techniques employed in this study provides opportunities 
to potentially deliver substantive benefit in patients with 
rGBM and to explore the efficacy of MDNA55 in a pivotal 
trial.

Supplementary Material

Supplementary material is available Neuro-Oncology 
online.
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