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Surgical

Resection Chemoradiation

(6 weeks) and

then TMZ 

+/- Optune

 

Recurrence

(6-9 months)

+/- Surgery
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(a few months)

+/- Clinical

Trial 
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Median survival time from initial dx = 15-20 months (but this varies based on genetic and 

demographic markers)

Clinical trials of targeted therapies and anti-angiogenic therapies have not been successful

Clinical trials of immune therapy have also not been successful

Glioblastoma clinical timeline (2024)



The Problem

For GBM, novel therapies

(Immunotherapies) have not been

Successful.  Why?

Immunological “coldness” 

Immune-deserted tumor

Glioblastoma (GBM)





CAN-3110 (formerly known as rQNestin34.5v.2, Nakashima et al, 2020 

Kambara et al, 2005) 

HSV-1 engineered for immunogenic potency and specificity

⎼ ICP34.5-null viruses have shown safety but replicate poorly

⎼ CAN-3110: ICP34.5 expression under control of Nestin promoter

⎼ Nestin overexpressed in gliomas

⎼ Improves replication 

⎼ Provides tumor-specific oncolytic activity

Designed for Safety

⎼ Disruption of ICP6 limits virus replication to dividing cells or cells with p16 
tumor suppressor pathway defects

⎼ Remains sensitive to anti-herpetic drugs

⎼ Nestin provides tumor specificity in a range of other indications
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Steps towards clinical trial (rQnestin34.5v.2, now CAN-3110)

1999: Initial paper/IP on use of tumor-specific promoters to drive expression of ICP34.5 in 
oHSV

2000: Licensed to newCO/ oHSV GMP sub-contracted to Magenta, Inc.

2000-2001: Magenta “experts” cannot grow oHSV to required titers/ lose MVB

2002: newCO shuts down

2005: rQNestin34.5v.1  paper published/ new IP/meeting with FDA representatives

2005-2007: Re-engineering of rQNestin34.5 to remove FDA “undesirable” sequence (GFP)

2007-2010: Bioequivalency studies to show that rQNestin34.5v.2 is equivalent to rQNestin 
(FUNDED BY NIH and Alliance for Cancer Gene Therapy)

2010-2011: Production of preclinical/ clinical lots by Dyamid/Periphagen Inc/ preIND meeting 
with FDA to decide on final tox. Study (FUNDED BY NIH and Alliance for Cancer Gene 
Therapy

2012-2013: Tox/ BD study (FUNDED BY NIH and Alliance for Cancer Gene Therapy

2011-2015: RAC/ file IND

2015-2016: CMC hold on IND/Preclinical and Clinical part of iND approved

2016: Revised IND refiled with answers to hold.

2017: First patient

February 20: 57th Patient treated/ middle of arm C
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Patients with 
recurrent 

high-grade glioma

Dose escalation 
Single stereotactic injection of CAN-3110
3+3 dose escalation
1x106 to 1x1010 PFU in half-log increments

Completed:
30 patients dosed
No dose-limiting toxicity observed
Maximum administered dose: 1x1010 PFU 

Dose expansion
1x109 PFU
12 patients dosed as of 30 April 2021

Pre Administration of Cytoxan  
+1x108 PFU
3 patients dosed 
+ 1 x 109 PFU 

6 patients dosed 

Repeat Dosing ( x6)  
+1x108 PFU x 6 doses

+ 1 x 109 PFU x 6 doses
Multi-institutional

Completed

Accrual ongoing (6/12)

Nature

Completed

Completed

Manuscript in preparation



Summary of Arm A from Ling et al, 2023
1. Well tolerated.  No DLT up to 10e10 PFUs or with single timepoint injection in up TO 5 regions in tumor 

2. Unexpected post-hoc analysis shows that mOS significantly linked to HSV1 serology, which was also a significant 
 independent predictor of response

Immunohistochemistry Tumor T cell receptor sequence 

(e.g, T cell clonotypes)

Tumor Immune Transcriptomic Signatures

3. OS significantly links in post-CAN3110 tumors
to changes in CD4+/CD8+ T cells (IHC), 
in T cell clonotype frequency and diversity,
tumor immune transcriptomic
signatures. HSV1 serology links
to clearance of CAN-3110 in tumors    



How do we measure responses in clinical 

trials of cancers like glioblastoma (GBM) ? 

• The only accepted “biomarker” of response is imaging 

by MRI



Yang et al, 2015

Manual 2D measurement in operator-selected 

MRI slice



Kebir et al, 2020

Limitations of current methods of using gadolinium contrast extravasation in MRI as “biomarker” 

of response in GBM clinical trials:   BBB disruption can occur after radiation  



(Frederick et al, 2022)

Limitations of current methods of using gadolinium contrast extravasation in MRI as “biomarker” 

of response in GBM oncolytic virus trials:   BBB disruption occurs also during inflammation!  



Why are so many GBM clinical trials failing?
What is the problem?

We never know if the promising therapy 
actually does what it is supposed to do in patients 
because we use MRI as the biomarker of response  

SOC surgery/ Radiochemotx Clinical Trial 1 Clinical Trial 2 Surgery and Clinical Trial 3



R A D I C A L C O L L A B O R AT I O N

Longitudinal Sampling 
Platform to Accelerate 
Development of
Therapeutics for 
Glioblastoma (GBM)
A  n e w  c l i n i c a l  t r i a l  a p p r o a c h :

G B M  Te a m L a b  ( M I T,  D F C I ,  B W H ,  
M S K C C ,  J H U ,  M D A )



Longitudinal Sampling Clinical Trial for GBM



Biopsy size

Stereotactic needle has cut 

window ~ 10 mm x 3 mm.

Stereotactic needle GBM biopsy 

Needle image from: https://www.semanticscholar.org/paper/A-Sequential-Comparison-on-the-Risk-of-Haemorrhage-Yuen-Zhu/a2cc1379e4b1a0bc36564eb3fe81e081ec472df1



What can

you do with

serially

biopsied

GBMs? 



For the first longitudinal biopsy clinical trial in USA, 

there is a need to justify the serial

procedures 

Instead of a systemic agent/drug, administer an

Intratumoral agent (like an OV)!
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Questions

• Can we accrue/ consent patients to undergo multiple serial procedures?

• Can patients tolerate multiple serial procedures without serious adverse 
events/  dose-limiting toxicities and/or “serial procedure” limiting 
toxicity?

• Can we obtain biopsies from multiple sites in tumor?

• How many biopsies can be obtained?

• Will be each biopsy be of sufficient quality and quantity to obtain useful 
scientific data via “omics” approaches? 



DF/HCC Trial #16-557 Arm C Status

Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

Completed

Completed

Completed

6 biopsies
1 Location

8 biopsies
1 Location

9 biopsies
1 Location

6 biopsies
1 Location

5 biopsies
1 Location

13 biopsies
2 Locations

12 biopsies
2 Locations

12 biopsies
2 Locations

16 biopsies
2 Locations

14 biopsies
2 Locations

18 biopsies
4 Locations

26 biopsies
4 Locations

18 biopsies
2 Locations

16 biopsies
2 Locations

8 biopsies
1 Location

10 biopsies
1 Location

6 biopsies
1 Location

6 biopsies
1 Location

8 biopsies
1 Location

16 biopsies
2 Locations

14 biopsies
2 Locations

21 biopsies
2 Locations

10 biopsies
1 Location

20 biopsies
2 Locations

10 biopsies
1 Location

Completed

Completed

Patient 6

Day 0 Day 15 Day 30 Day 60 Day 90 Day 120

8 biopsies
1 Location

7 biopsies
1 Location

6 biopsies
1 Location

6 biopsies
1 Location

Completed



No Serious Adverse Events or DLTs from serial 

biopsies or serial CAN-3110 injections



Treatment with multiple injections of CAN-3110
 is associated with survival that exceeds 12 months in 3/6 rGBM 

subjects 

Patient Sex Age 
MTMG 
status 

#injections 
OS in 

months
Status 

1 54 M unmet 4 12.3 D

2 66 F unmet 6 18.7 A

3 75 F meth 6 9.1 D

4 64 M unmet 5 13.0 A

5 61 F unmet 4 12.2 A

6 69 F unmet 4 5.6 D

mOS 12.3 (C.I 5.6-18.7)

MTMG = O6-methylguanine-DNA methyltransferase
methylation status: unmet=unmethylated, met=methylated

Six out of 12 patients have been treated in arm C with 1x10^8 pfu

Data cutoff October 24th 2024

Francesca Barone, 

MD PhD

(Candel Therapeutics)
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IND/ Clinical trial protocols/clinical data acquisition

Agent storage and maintenance/ FDA/

Surgeries and patient care/ Sample collection: tumor, csf, pbmcs)

(Brigham)

Nafisa Masud; Dan Triggs; Jen Gantchev, PhD; Mike Regan;

Mike Prabhu; Brigham research pharmacy group

IND/IRB/ Multi-institutional regulatory/ audit/ monitoring

(DFCI)

Jen Willey; Maria Lavalee; Kathy Partridge

How do we make it work?  “It takes a village”!



BTC GBM biospecimen allocation flow chart

Core 1

Permanent QC H&E and FFPE 

DNA/RNA Extraction for eventual bulk RNA/DNA seq from FFPE sections

CODEX Spatial Protein Imaging IF (TBD)

Core 6

S1: Patient-Derived Model Generation (CPDM/Ligon lab DFCI) for central 

characterization (seq and QC)

S2-S6: Banked for Backup Assays (Ligon lab DFCI)

Core 5 Immunopeptidomics (White lab MIT)

Core 4

Core 2

Single Cell RNA Sorting and Sequencing (Sharma lab MDACC)

T/BCR Sequencing (Sharma lab MDACC)

Core 3
QC H&E, IF and Spatial Metabolomics (Agar lab DFCI)

RT-PCR for virus detection (Chiocca lab DFCI)

Phosphoproteomic Analysis (White lab MIT)

DNA/RNA Bulk Sequencing (Cima/Koch Core Lab MIT)

Digital Pathology analysis (Dr. Huse MDACC)

CSF

Blood

Cell counting, separation and collection of cellular and acellular material

CITE-Seq Analysis

Metabolomics

ctDNA Sequencing (Boire lab MSKCC)

Collection of plasma and PBMCs

ctDNA Sequencing

TCR𝛃 DNA Sequencing (Bettegowda lab JHM)



Although MRI scans show increased enhancement with 

each timepoint  (tumor progression?), traditional histology 

shows increased inflammatory reaction at each timepoint



How do we spatially and longitudinally localize each 
biopsy site with the MRI?

Alex L. Ling PhD

(BWH Neurosurgery)



Integrated multimodal spatial and longitudinal 

analyses of collected serial biopsies

Alex L. Ling PhD

(BWH Neurosurgery)
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Questions

• Can we accrue/ consent patients to undergo multiple serial procedures? YES  

• Can patients tolerate multiple serial procedures without serious adverse 
events/  dose-limiting toxicities and/or “serial procedure” limiting toxicity? 
YES

• Can we obtain biopsies from multiple sites in tumor? YES

• How many biopsies can be obtained? 6-26 (total > 300)

• Will be each biopsy be of sufficient quality and quantity to obtain useful 
scientific data via “omics” approaches?  Yes



Summary
• Longitudinal injections of CAN-3110 with serial biopsies are well 

tolerated.  Preliminarily mOS is 12.3 months with 3/6 patients alive

• Concomitant serial MRIs show increased enhancement 
(Progression?), but traditional histology shows increased 
inflammation

• Serial biopsies currently being analyzed by integrated multimodal 
 -omics (single cell RANseq, proteomics, clonal evolution, spatial 

transcriptomics and proteomics) 

• The integrated –omics studies are being super-imposed onto the 
spatial and longitudinal MRI data 
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Current GBM 
TeamLab Members

...likely addition of new 
members in years ahead
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