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TLR activation is needed for mature and committed 
immune T cell response

Sporri R et al Nat.Immunology 2004



Castro DT……Riba A  ASCO 2019

TLR9 activation can overcome resistance PD-1 blockade in preclinical models 
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Intratumoral TLR-9 Activation Not Systemic

Reilly M … Curran M  JITC in press

Route of Administration 



Clinical activity 

Combination with Checkpoint Inhibition



Milhem M et al  AACR 2018

Ribas A  Cancer Dicovery 2018



Early and late immune analysis post intratumoral
TLR9 agonist ( Tilsotolimod ) with ipilimumab in 

patients with anti-PD-1 resistant advanced melanoma



A phase 1/2 study of Intratumoral Tilsotilomod (IMO-
2125) in Combination with Ipilimumab  in patients with 
Refractory (anti-PD-1 resistant) Metastatic Melanoma 
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Trial Design (NCT02644967)



Intratumoral 

administration

of IMO-2125

pDC
mDC1

IFNa

CD8+TIL

2. TIL Activation and Proliferation1. TLR9 induction of IFNa and APC maturation

Activation of APCs to 
improve T-cell priming

Improved antigen presentation 
results in TIL activation and 

proliferationB cell

TAM

B cell

Modulation of the tumor microenvironment by intratumoral
administration of the TLR9 agonist  Tilsotolimod (IMO-2125)



Patient Characteristics

Haymaker….Diab et al., under review



CT guided Intratumoral injection of deep inguinal soft tissue mass

Image-guided intratumoral injection of deep lesions with Tilsotilomod

Haymaker….Diab et al., under review



Early response data to Tilsotolimod + Ipilimumab

Haymaker….Diab et al., under review

ORR  38%
DCR  71.4%



Early response data to IMO-2125 + Ipilimumab

Haymaker….Diab et al., under review



Tumor Imaging of Patient with a Complete Response: Ipilimumab + i.t. 
Tilsotilomod

Injected Lesion

Distant Lesion

Post-TherapyPre-Therapy 

Haymaker….Diab et al., under review



Immune response monitoring to correlate with mechanism of action

Fresh flow cytometry

Formalin - IHC

DNA and RNA (TCRseq and gene expression)

Tumor Core 

Needle biopsy

DC subsets and maturation

Immune infiltrate changes

T cell activation/functional state

= collection of biopsy

Injected = Injected lesion
Distant = Un-injected Lesion

= collection of PBMCs

Injected

Distant

Pre-dose

24 hours post i.t. 
IMO-2125 injection

Week 8 
5 doses of IMO-2125 and 3 

doses of Ipi

Injected Distant

C1W2 C2W5 C4W11

Injected DistantInjected

Ipilimumab

C3W8
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n=15

p<0.0001

24hrpredose

Induction of IFNa-response gene signature after i.t Tilsotilomod

p<0.01

p<0.05

Haymaker….Diab et al., under review
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Rapid mDC1 maturation and macrophage influx induced by Tilsotilomod
in the tumor
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Induction of Antigen Presentation Related Gene Expression

Injected Site - Baseline vs 24 hrs

Gene expression

Immunoproteasome: PSMB8 – B9 – B10
Constitutive proteasome: PSMB7 
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Induction of Antigen Presentation Related Gene Expression

Injected Site - Baseline vs Week 8 

Gene expression

Immunoproteasome: PSMB8 – B9 – B10
Constitutive proteasome: PSMB7 
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Induction of Antigen Presentation Related Gene Expression

Non-Injected Site - Baseline vs Week 8 
Gene expression

Immunoproteasome: PSMB8 – B9 – B10
Constitutive proteasome: PSMB7 
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Early correlations with response to therapy at baseline 
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Are non-responding patients’ tumors “immunologically cold”?

Haymaker et al., under review

T-cell functionality gene signature

Sharma et al., 2017 Cell
Tumeh et al., 2014 Nature



Single agent anti-CTLA4 requires robust MHC class I 

Rodig et al., 2018 Sci Transl Med



C R + P R P D S D

0

2 0 0 0 0

4 0 0 0 0

6 0 0 0 0

8 0 0 0 0

H
L

A
-A

 n
o

r
m

a
li

z
e

d
 l

in
e

a
r
 r

e
a

d
s

C R + P R P D S D

0

2 0 0 0 0

4 0 0 0 0

6 0 0 0 0

8 0 0 0 0

H
L

A
-B

 n
o

r
m

a
li

z
e

d
 l

in
e

a
r
 r

e
a

d
s

C R + P R P D S D

0

5 0 0 0

1 0 0 0 0

1 5 0 0 0

2 0 0 0 0

2 5 0 0 0

H
L

A
-C

 n
o

r
m

a
li

z
e

d
 l

in
e

a
r
 r

e
a

d
s

n=28 

MHC class I expression at baseline

Does MHC class I expression correlate with response?

Haymaker….Diab et al., under review



Combination therapy induces CD8+ TIL activation early on-treatment in 
responding patients

Activation at C3W8 by Nanostring

Pre-dose

Injected Distant

C3W8

Injected Distant
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Response

PD

SD
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Tumor Site

Non-injected

Injected

Patient ID
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Combination therapy induces CD8+ TIL proliferation and CTL function

Distant Lesion
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Combination therapy induces CD8+ TIL proliferation and CTL function

Distant Lesion
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Combination therapy induces CD8+ TIL proliferation and CTL function

Distant Lesion
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Combination therapy induces CD8+ TIL proliferation and CTL function

Distant Lesion
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Combination therapy induces CD8+ TIL proliferation and CTL function

Distant Lesion
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Preferential CD8+ T-cell proliferation at the distant lesion
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Selective increase in CD8+ T-cell proliferation in the tumors of responding 
patients
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Expansion of top 50 T-cell clones in the distant lesion of responding 
patients
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Expanding clones in the distant lesion are shared with the injected lesion

Pt 23 Pt 25Pt 8Pt 3

Clone shared 

between lesions Top 50 clones in the distant lesion at C3W8 of responding patients Yes

No

Number = clonal specific change in frequency (C3W8 – predose)

Circle size reflects the frequency of the clone relative to the other clones present at C3W8 
Haymaker….Diab et al., under review



Conclusion

•Key points
–IMO-2125 induces a strong type 1 interferon gene signature, macrophage influx and 
robust DC maturation post injection independent of ipilimumab

–Combination therapy induces CD8+ T cell proliferation and activation that is preferential to 
the tumor 

–Major T-cell clones expanding on therapy in responding patients are shared between local 
and distant lesions indicating that priming/reactivation is to a shared antigen 

•Potential impact on the field
–Combining intra-tumoral DC activation to enhance T-cell priming with checkpoint blockade 
may be key in IO refractory patient population

–A local tumor can be used as an in situ vaccine through activation of local APCs and 
injection of one lesion results in regression of distant lesions that may not be easily 
accessible 

•Lessons learned
–On-treatment biopsy timing is critical!!

–Know your cellular target



ILLUMINATE-301 – Trial Design
PD-1 Refractory Metastatic Melanoma

Endpoints
Primary endpoint family

– ORR by independent 

review per RECIST v1.1

– OS

Key secondary endpoints

– Durable response rate

– Time to response

– Progression-free survival

– Patient-reported outcomes
– Safety

Patient Stratification
– Duration of prior anti-PD-1 

therapy (<12 or ≥12 weeks)

– Metastasis stage (M1c or 

other)

– BRAF mutation status and 

prior targeted therapy
BRAF wild type, mutation positive
with, or without prior targeted

i.v., intravenous; i.t., intratumoral; ORR, overall response rate; OS, overall survival, 

43
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 18 subjects treated with IMO-2125 doses from 4 – 32 mg (with standard ipilimumab)
 Patient population was refractory to PD-1 inhibitors and had a high frequency 

of visceral metastases 
 Patients were injected in a single focus of tumor; deep visceral injections were 

permitted
 Safety: 

 No DLT, treatment-related deaths or discontinuations from therapy
 Immune-related AE were similar to ipilimumab monotherapy
 RP2D selected as IMO-2125 8 mg with standard ipilimumab

Diab, ESMO 2017

Dose-finding phase : IMO-2125 + Ipilimumab


