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• Pulsatile inhibition of MAPK at MEK
• Reduce loss of negative regulators
• Minimize adaptive resistance
• Delay onset of acquired resistance
• Improve tolerability and safety
• Expand combination opportunities
• Disrupt addiction to MAPK pathway
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Contact: Brett Hall (bhall@immuneering.com). All authors are employees and/or stockholders of Immuneering Corporation.
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Deep Cyclic Inhibition (DCI) of the MAPK pathway with IMM-6-415, alone and in combination with encorafenib, 
demonstrates anti-tumor activity and tolerability in RAF mutant tumors in vivo

Anna Travesa, Mai Johnson, Peter King, Praveen Nair, Jason Funt, Sarah Kolitz, Kevin D Fowler, John Brothers II, Amy Axel, Scott Barrett, Benjamin J Zeskind, Brett Hall
Immuneering Corporation, San Diego, CA, Cambridge, MA, New York, NY USA

Introduction

A significant proportion of cancer patients have tumors addicted to uncontrolled MAPK signaling. Activating 
mutations in RAS or RAF are often directly responsible and have been observed in over 20% of human tumors1. 
Because MEK is downstream of RAS and RAF, it is an appealing drug target. However, MEK inhibitors have 
historically suffered from poor clinical durability, high toxicity and a susceptibility to pathway reactivation that has 
limited monotherapy activity in the RAS mutant setting. Unlike other MEK inhibitors, IMM-1-104 [NCT05585320] and 
IMM-6-415 are designed with distinctive features including both (1.) a unique target engagement mechanism that 
helps resist MAPK pathway reactivation and (2.) a pharmacokinetic (PK) profile that enables fast cadence deep 
cyclic inhibition (DCI). DCI drives pulsatile targeted inhibition that deprives tumor cells of sustained oncogenic 
pathway signaling. Additionally, the goal of DCI, by achieving an adequately low drug trough, is to improve drug 
tolerability by allowing normal healthy cells an opportunity to maintain homeostatic signaling between doses. To our 
knowledge, IMM-6-415’s preclinical activity is driven by the shortest drug plasma half-life (0.3 hours in mice) of any 
MEK inhibitor developed to date.

Experimental Procedures

IMM-6-415 has demonstrated promising activity in RAS-mutant xenograft tumor models (SITC 2022)2. Here, the 
antitumor activity of IMM-6-415 was evaluated in over 60 humanized 3D tumor growth assays (3D-TGA), 
which included 30 BRAF class I-mutant tumor models. The humanized 3D-TGA better predicts in vivo tumor 
responses versus 2D culture and more accurately replicates human tumor biology3,4 (Figure 1 and 6). 
Additionally, multiple drug-drug combinations have been explored, including vertical drug combinations with BRAF 
inhibitors. IMM-6-415, binimetinib (MEK inhibitor) and encorafenib (BRAF inhibitor) were tested head-to-head as 
single agents and in combination with encorafenib in BRAFV600E melanoma and colorectal subcutaneous tumor 
xenograft models in female BALB/c nude mice.

Benchmarking 3D-TGA Response to IMM-6-415

Conclusions
IMM-6-415 is a short-lived dual MEK inhibitor (MEKi) that works through Deep Cyclic Inhibition (DCI) and a fast 
pulsatile cadence (short half-life) that is distinctive from chronic MEKi. IMM-6-415 was optimized for twice daily oral 
dosing and has displayed promising antitumor activity and tolerability across a growing number of RAS and RAF 
mutant models (Universal MAPK activity). Building on earlier RAS mutant studies2, we found that IMM-6-415 
(pulsatile DCI MEKi) plus encorafenib achieved superior TGI and durability in vivo versus binimetinib (sustained 
MEKi) plus encorafenib in BRAF mutant colorectal cancer and melanoma models. These data are consistent with 
the thesis that MEK DCI can outperform chronic MEKi as monotherapy and in vertical drug combinations. 
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Figure 2. Biomarker Profile of Patients Profiled in GENIE® v.14.0

Figure 5. IMM-6-415 (I) ± Encorafenib (E) vs Binimetinib (B) ± Encorafenib in A-375

Results
Both monotherapy and combination activity of IMM-6-415 were further explored in the A-375 
(melanoma) and HT-29 (colorectal) BRAFV600E tumor models. Monotherapy treatment with 
encorafenib or IMM-6-415 displayed superior tumor growth inhibition (TGI) when compared to 
binimetinib. The combination of IMM-6-415 plus encorafenib prompted greater TGI with superior 
durability of response when tested head-to-head against the combination of binimetinib plus 
encorafenib in vivo at reported human equivalent doses for registered drugs (Figures 3, 4, 5).

Deep Cyclic Inhibition (DCI) Promotes Deeper, More Durable Antitumor Responses

3D-TGA: Sensitive Tumor Models 3D-TGA: Intermediate Tumor Models 3D-TGA: Resistant Tumor Models

N = 22 Models N = 12 Models N = 32 Models

Cell lines were tested in the humanized 3D-TGA (N=66) and assigned response of sensitive (IC50 < 3uM), intermediate (IC50 ≥ 3uM and < 10uM), and resistant otherwise.
The dark line on each plot represents the median of the individual curves.
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Data: TV (mm3) - IMM-6-415

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

90 mg/kg IMM-6-415 (vehicle 1) PO  BID×28,  0 mg/kg Vehicle1 PO QD×28

120 mg/kg IMM-6-415 (vehicle 1) PO  BID×28,  0 mg/kg Vehicle1 PO QD×28

180 mg/kg IMM-6-415 (vehicle 1) PO  BID×28,  0 mg/kg Vehicle1 PO QD×28
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Data: TV (mm3) - Binimetinib and Encorafenib

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

0 mg/kg Vehicle1 PO BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

3.5mg/kg Binimetinib (vehicle 1) PO  BID × 19-27(day2-day28), 2.5mg/kg 
Binimetinib (vehicle 1) PO BID×2(day0-2), 0 mg/kg Vehicle1 PO QD×28
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Data: TV (mm3) - IMM-1-104

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

50 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 0 mg/kg Vehicle1 PO QD×28

100 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 0 mg/kg Vehicle1 PO QD×28

150 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 0 mg/kg Vehicle1 PO QD×28
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Data: TV (mm3) - IMM-6-415 + Encorafenib

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

90 mg/kg IMM-6-415 (vehicle 1) PO  BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

120 mg/kg IMM-6-415 (vehicle 1) PO  BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

180 mg/kg IMM-6-415 (vehicle 1) PO  BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28
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Data: TV (mm3) - Binimetinib + Encorafenib

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

3.5 mg/kg Binimetinib (vehicle 1) PO  BID x 19-27(day2-day28) 2.5 mg/kg 
Binimetinib (vehicle 1) PO BID × 2(day0-2) 60 mg/kg Encorafenib (vehicle 1) 
PO QDx28
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Data: TV (mm3) - IMM-1-104 + Encorafenib

0 mg/kg Vehicle1 PO BID×28, 0 mg/kg Vehicle1 PO QD×28 

50 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

100 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

150 mg/kg IMM-1-104  (vehicle 1) PO BID×28, 60 mg/kg Encorafenib (vehicle 1) PO QDx28

Figure 3. IMM-6-415 ± Encorafenib vs. Binimetinib ± Encorafenib in A-375 

Figure 4. IMM-6-415 ± Encorafenib vs Binimetinib ± Encorafenib in HT-29

As monotherapy, IMM-6-415 demonstrated antitumor activity in over 50% (34 of 66) of the 3D-TGA models tested, 
including 30 BRAF-mutant preclinical models in which 19 (63%) showed activity. Similar to IMM-1-104, resistant 
models either lacked obvious MAPK pathway driver mutations or displayed parallel oncogenic pathway activation 
events. Likewise, sensitive and intermediate responses were strongly enriched for models harboring activation 
mutations in either RAS or RAF.

N = 12 mice per groupN = 12 mice per groupN = 12 mice per group

Figure 6. Synergy Evaluation of IMM-6-415 ± Encorafenib in A-375 Model in 3D-TGA

Vehicle
(B) 3.5 mg/kg BID PO; TGI = 26.1%
(E) 60 mg/kg QD PO; TGI = 102.4%
(I) 180 mg/kg BID PO; TGI = 97.4%
(B) 3.5 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 103.9%
(I) 180 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 104.9%
Replace with I+E after holiday à (I) 180 mg/kg BID PO + (E) 60 mg/kg QD PO

TGI
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Linear Scale - 
IMM-6-415 + E vs. B + E Combo Dose Range

0 mg/kg Vehicle PO BID×21, 0 mg/kg Vehicle PO QD×21

180 mg/kg IMM-6-415 PO BID×21, 60 mg/kg Encorafenib PO QD×21

N = 12 mice per group

0 mg/kg Vehicle PO BID×21, 60 mg/kg Encorafenib PO QD×21

3.5 mg/kg Binimetinib PO BID×21, 60 mg/kg Encorafenib PO QD×21

3.5 mg/kg Binimetinib PO BID×21, 0 mg/kg Vehicle PO QD×21

180 mg/kg IMM-6-415 PO BID×21, 0 mg/kg Vehicle PO QD×21

Drug 
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A-375

Expand

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
0

250

500

750

1000

Time (days)

Tu
m

or
 V

ol
um

e 
(M

ed
ia

n 
± 

Q
ua

rti
le

; m
m

3 )

Linear Scale - 
IMM-6-415 + E vs. B + E Combo Dose Range

0 mg/kg Vehicle PO BID×21, 0 mg/kg Vehicle PO QD×21

180 mg/kg IMM-6-415 PO BID×21, 60 mg/kg Encorafenib PO QD×21

N = 12 mice per group

3.5 mg/kg Binimetinib PO BID×21, 60 mg/kg Encorafenib PO QD×21

Vehicle

Drug 
Holiday

A-375
BRAFV600E

Melanoma

Drug 
Re-challenge

B + E

“change”
I + E

I + E

Vehicle
(I) 90 mg/kg BID PO; TGI = 38.5%
(I) 120 mg/kg BID PO; TGI = 52.6%
(I) 180 mg/kg BID PO; TGI = 97.4%

Vehicle
(I) 90 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 103.7%
(I) 120 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 104.6%
(I) 180 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 104.9%

Vehicle
(B) 3.5 mg/kg BID PO; TGI = 26.1%
(E) 60 mg/kg QD PO; TGI = 102.4%
(B) 3.5 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 103.9%

IMM-6-415 (I) IMM-6-415 (I) ± Encorafenib (E) Binimetinib (B) ± Encorafenib (E)

N = 12 mice per groupN = 12 mice per groupN = 12 mice per groupTGI = Day 21 TGI = Day 21 TGI = Day 21

Vehicle
(I) 90 mg/kg BID PO; TGI = 12.8%
(I) 120 mg/kg BID PO; TGI = 45.5%
(I) 180 mg/kg BID PO; TGI = 73.3%

Vehicle
(I) 90 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 84.6%
(I) 120 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 91.6%
(I) 180 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 94.6%

Vehicle
(B) 3.5 mg/kg BID PO; TGI = 26.0%
(E) 60 mg/kg QD PO; TGI = 59.6%
(B) 3.5 mg/kg BID PO + (E) 60 mg/kg QD PO; TGI = 74.0%

IMM-6-415 (I) IMM-6-415 (I) ± Encorafenib (E) Binimetinib (B) ± Encorafenib (E)

TGI = Day 28 TGI = Day 28 TGI = Day 28

Humanized 3D-TGA ZIP Synergy Scores6 Thesis of Deep Cyclic Inhibition

Using the GENIE database, a targetable population was selected on the basis of BRAF class I/II mutations. This population was then assessed for co-
occurrence of mutations in genes that may partially contribute to resistance mechanisms with intersecting sets indicating concurrent mutations in patients. 
The bar charts detail co-occurrence frequencies in OncoTree5 cohorts: (A) SKCM, MEL; (B) COAD, READ, COADREAD; (C) THPA; and (D) LUAD.

IMM-6-415

Encorafenib

Encorafenib + 3 uM IMM-6-415
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Data: TV (mm3) - IMM-6-415

Vehicle , 0mg/kg, 10ul/g, p.o.,BID × 21-28, Vehicle , 0mg/kg, 10ul/g, p.o.,QD × 21-28

Vehicle , 0mg/kg, 10ul/g, p.o.,QD × 21-28, R766-299 ,90mg/kg, 10ul/g, p.o.,BID × 21-28

Vehicle , 0mg/kg, 10ul/g, p.o.,QD × 21-28, R766-299 ,120mg/kg, 10ul/g, p.o.,BID × 21-28

Vehicle , 0mg/kg, 10ul/g, p.o.,QD × 21-28, R766-299 ,180mg/kg, 10ul/g, p.o.,BID × 21-28

0 mg/kg Vehicle PO BID×21, 0 mg/kg Vehicle PO QD×21

90 mg/kg IMM-6-415 PO BID×21, 0 mg/kg Vehicle PO QD×21

180 mg/kg IMM-6-415 PO BID×21, 0 mg/kg Vehicle PO QD×21
120 mg/kg IMM-6-415 PO BID×21, 0 mg/kg Vehicle PO QD×21
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Data: TV (mm3) - IMM-6-415 + Encorafenib

Vehicle , 0mg/kg, 10ul/g, p.o.,BID × 21-28, Vehicle , 0mg/kg, 10ul/g, p.o.,QD × 21-28
R766-299 ,90mg/kg, 10ul/g, p.o.,BID × 21-28, Encorafenib , 60mg/kg, 10ul/g, p.o.,QD × 21-28

R766-299 ,180mg/kg, 10ul/g, p.o.,BID × 21-28, Encorafenib , 60mg/kg, 10ul/g, p.o.,QD × 21-28

0 mg/kg Vehicle PO BID×21, 0 mg/kg Vehicle PO QD×21
90 mg/kg IMM-6-415 PO BID×21, 60 mg/kg Encorafenib PO QD×21

R766-299 ,120mg/kg, 10ul/g, p.o.,BID × 21-28, Encorafenib , 60mg/kg, 10ul/g, p.o.,QD × 21-28

120 mg/kg IMM-6-415 PO BID×21, 60 mg/kg Encorafenib PO QD×21

180 mg/kg IMM-6-415 PO BID×21, 60 mg/kg Encorafenib PO QD×21
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Data: TV (mm3) - Binimetinib + Encorafenib

0mg/kg Vehicle PO BID×21, 0mg/kg Vehicle PO QD×21 - INDIVIDUAL

3.5mg/kg Binimetinib PO BID×21, 0mg/kg Vehicle PO QD×21 - INDIVIDUAL

3.5mg/kg Binimetinib PO BID×21, 60mg/kg Encorafenib PO QD×21 - INDIVIDUAL

0 mg/kg Vehicle PO BID×21, 0 mg/kg Vehicle PO QD×21

0 mg/kg Vehicle PO BID×21, 60 mg/kg Encorafenib PO QD×21

3.5 mg/kg Binimetinib PO BID×21, 0 mg/kg Vehicle PO QD×21

3.5 mg/kg Binimetinib PO BID×21, 60 mg/kg Encorafenib PO QD×21

0mg/kg Vehicle PO BID×21, 60mg/kg Encorafenib PO QD×21 - INDIVIDUAL

A-375 Melanoma & HT-29 Colorectal Cancer (CRC) BRAFV600E xenograft tumor models in athymic nude mice. Binimetinib (MEK inhibitor) and encorafenib 
(BRAF inhibitor) were commercially purchased. Tumor Growth Inhibition (TGI) % = [1-(Ti-To)/(Ci-Co)]x100%. No median body weight loss was noted.

A B

C D

GENIE® cohort v14.0-public
The AACR Project GENIE Consortium. AACR Project GENIE: 
Powering Precision Medicine Through An International 
Consortium, Cancer Discov. 2017 Aug;7(8):818-831

CRC
Patients

• 8.4% (1315/15,743) CRC patients in GENIE have BRAF class 1 or class 2 mutations
• 46% (606/1315) BRAF altered patients show favorable single agent IMM-6-415 response profile
• Of the 54% remaining patients, 64% (453/709) harbor only one putative resistance biomarker
• 19.5% (256/1315) of BRAF altered patients display more than one putative resistance biomarker

Have Altered BRAF: Biomarker Positive

Biomarker Sensitive Profile (3.8% overall)

Biomarker Resistant Profile (1% overall)

Lung
Patients

• 3.2% (569/17,570) lung patients in GENIE have BRAF class 1 or class 2 mutations
• 72% (411/569) BRAF altered patients show favorable single agent IMM-6-415 response profile
• Of the 28% remaining patients, 81% (128/158) harbor only one putative resistance biomarker
• 5.3% (30/569) of BRAF altered patients display more than one putative resistance biomarker

Have Altered BRAF: Biomarker Positive

Biomarker Sensitive Profile (2.3% overall)

Biomarker Resistant Profile (0.1% overall)Thyroid
Patients

Have Altered BRAF: Biomarker Positive

Biomarker Sensitive Profile (57.8% overall)

Biomarker Resistant Profile (0.4% overall)

• 63.2% (842/1333) thyroid patients in GENIE have BRAF alterations class 1 or class 2 mutations
• 91.3% (769/842) BRAF altered patients show favorable single agent IMM-6-415 response profile
• Of the 73 remaining patients, 93% (68/73) harbor only one putative resistance biomarker
• 0.6% (5/842) of BRAF altered patients display more than one putative resistance biomarker

MELANOMA
Patients

• 34.2% (1941/5672) melanoma patients in GENIE have BRAF class 1 or class 2 mutation
• 77% (1503/1941) BRAF altered patients show favorable single agent IMM-6-415 response profile
• Of the 23% remaining patients, 84% (370/438) harbor only one putative resistance biomarker
• 3.5% (68/1941) of BRAF altered patients display more than one putative resistance biomarker

Have Altered BRAF: Biomarker Positive

Biomarker Sensitive Profile (26.5% overall)

Biomarker Resistant Profile (1% overall)


