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Evaluation of tumor responses and overall survival in recurrent glioblastoma (GBM) patients 
from a Phase IIa trial of a CMV vaccine immunotherapeutic candidate (VBI-1901)
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• Cytomegalovirus (CMV) antigens are reported in >90% of GBMs
• ‘Foreign’ tumor-associated viral antigens are inherently immunogenic
• gB and pp65 antigens are the most frequent CMV targets for CD4+ and CD8+

T-cells
• CD8+ T cells are critical for killing of tumor cells
• CD4+ effector memory (CCR7-CD45RA-) cells preferentially migrate to the

tumor microenvironment and are critical for CD8+ T cell persistence and
function

• Targeting CMV as a foreign viral antigen has the potential to harness,
re-stimulate, and re-focus pre-existing anti-CMV immunity to clear CMV+ tumors

• VBI-1901, a bivalent gB/pp65 enveloped virus-like particle (eVLP), is currently in
the Phase IIa portion of an ongoing Phase I/IIa clinical study
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Rationally designed vaccine immuno-therapeutic for CMV+ solid tumors

Schematic

Antibody Target gB
T Cell Targets gB (CD4+), pp65 (CD8+)
Target Indication Treatment of CMV+ solid tumors, notably glioblastoma

Rationale Targets multiple antigens, each with multiple epitopes, to 
promote broad immunity & avoid tumor escape

Adjuvant GM-CSF or GSK’s AS01B

About VBI-1901

Phase I/IIa Trial Design 
Two-part, multi-center, open-label, dose-escalation study of VBI-1901 in 

patients with recurrent GBM

Outcome Measures : Phase I/IIa
• Safety
• Immunogenicity 
• Tumor and clinical responses 
• Quality of life

Phase I : Dose-Escalation Phase Phase IIa: Extension Phase
Population : Recurrent GBM (any #) Population : Recurrent GBM (1st only)

Study Arm 2: Int. Dose (n=6)
2.0 µg + GM-CSF

Study Arm 1: Low Dose (n=6)
0.4 µg + GM-CSF

Study Arm 1: n=10
10.0 µg + GM-CSF (i.d.)
Study Arm 2: n=10
10.0 µg + GSK’s AS01B (i.m.)

Study Arm 3: High Dose (n=6)
10.0 µg + GM-CSF

ClinicalTrials.Gov identifier: NCT03382977

Patient Demographics : Phase IIa
• GM-CSF arm : median age 58 (33-67 yrs)

• 4 men; 6 women
• AS01B arm : median age 65 (40-67 yrs)

• 7 men; 3 women

Tumor Responses (Change in Tumor Size Over Time) and Clinical Responses (Overall Survival)  
As of May 9, 2022

VBI-1901 10µg + GM-CSF
(High Dose Part A + Part B)

CD4+ Effector Memory Cells (Tem) are the Dominant T 
Cell Subset in the GBM Tumor Microenvironment

VBI-1901 10µg + AS01B
(High Dose Part B)
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• 6-month OS : ~60% 
• 12-month OS : ~30%

• Respective 18-month overall survival (OS) rates of 40% and 25% for the VBI-1901+AS01B cohort (n=10) and the VBI-1901+GM-CSF cohort 
(n=16) compare favorably to a 12-month OS rate of 30% for standard-of-care (Taal et al, 2014)

• Both study arms’ median OS (mOS) compared favorably to 32-week mOS for standard-of-care: VBI-1901+AS01B arm achieved 63.5-week 
mOS and VBI-1901+GM-CSF arm achieved a 56-week mOS (Taal et al, 2014)

• Extended, repeat dosing with VBI-1901+GM-CSF boosts CMV-specific antibody and T cell responses with no evidence of immunological
tolerance or immune exhaustion

• Dynamic boosting and loss of CMV-specific CD4+ Tem cells in peripheral blood is observed in 2 patients with durable PRs – ongoing active 
investigation as potential immunological correlate with tumor response after treatment with VBI-1901

• Recurrent study amendment to add a control arm and increase n-size to be treated with VBI-1901+GM-CSF expected to initiate Q3 2022

Conclusions
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inhibited T-cell proliferation but also reduced INF-g secretion by
anti-CD3 stimulated autologous T-cells (Fig. 3B). The same re-
sults were found when using blood-derived CD14lowCD15pos

granulocytic MDSCs as total cell population (data not shown).

The Frequency of Tumor-derived Granulocytic MDSCs
Correlates With the Frequency of Tumor-infiltrating PD-1
Expressing CD4+ T Effector Memory Cells

Because tumor-derived MDSCs displayed an activated pheno-
type with downregulation of CD16 and upregulation of

HLA-DR, we next investigated the relationship between the fre-
quency of different MDSC and CD4+ T-cell subsets inside the
tumor. As shown in Fig. 4A, CD4+ TEM was shown to be the
most dominant T-cell subtype infiltrating GBMs, which was
about 30% of CD4+ T-cells. Correlation analysis revealed that
the frequency of granulocytic MDSCs was positively associated
with the frequency of CD4+ TEM at the tumor site (Fig. 4B). Sig-
nificant correlations between other MDSC subsets and tumor-
infiltrating CD4+ T-cell subpopulations, including regulatory
T-cells (Tregs), could not be found (data not shown). Based
on these results, we looked carefully for phenotypical and

Fig. 4. (A) Distribution of intratumoral CD4+ T-cell subpopulations. Lymphocytes selected by side scatter versus forward scatter were displayed in a
CD3+ versus CD4+ plot, and T-cell subsets were identified by the following co-expression of CD45RA and CCR7. The proportion of CD4+ T-cell
subsets was as follows: TNAÏVE (CCR7+/CD45RA+, mean: 7.5+7.5) ; TCM (CCR7+/CD45RA2, mean: 9.4%+10.9); TEM (CCR72/CD45RA2, mean:
27.9%+14.9); TEMRA (CCR72/CD45RA+; mean: 6.5%+12.1); Treg (CD4+CD25highCD127low, mean: 10.4+5.9). (B) Correlation of CD4+ TEM and
CD14lowCD15pos granulocytic myeloid-derived suppressor cell (MDSCs) within primary glioblastoma (GBM) tissue. The frequencies of
CD14lowCD15pos granulocytic MDSCs and CD4+ TEM at the tumor site from 39 GBM participants were determined by flow cytometry, and
correlations between both populations were assessed using Spearman’s test (r¼ 0.3362, P¼ .0364). (C) Phenotypic comparison of CD4+ TEM in
peripheral blood and tumor tissue of participants with primary GBM. The percentages of PD-1 and CD62L expressing CD4+ TEM within PBMCs and
tumor cell suspensions of GBM participants (n¼ 29) and healthy donors (n¼ 29) are shown (mean+SEM). Asterisks denote significant P values:
***P , .0001. In addition, representative dot plots with co-expression of PD-1 and HLA-DR, CD127 or CD25 are depicted. The percentage values
represent the fraction of PD-1+ or PD-12 CD4+ TEM that expressed HLA-DR, CD127 or CD25.

Dubinski et al.: MDSC and primary glioblastoma

Neuro-Oncology 813
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Dynamic boosting and loss of CD4+ Tem cells is observed in both 
patients with partial tumor responses

n=16 n=10

Patient 04-002 Patient 04-006

Monthly Vaccination With VBI-1901 Boosts CMV-
Specific Antibody and CD4+ T Cells


