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Abstract
Oncoprotein expression is tightly controlled at the level of mRNA translation and is
regulated by the eukaryotic translation initiation factor 4F (eIF4F) complex consisting of
eIF4A, eIF4E, and eIF4G. eIF4A is an RNA helicase that catalyzes the remodeling of
structures in the 5’-untranslated region (5’-UTR) of mRNA to facilitate ribosome scanning
and translation initiation. Mutations or gene amplifications in KRAS or receptor tyrosine
kinases (RTKs) leads to activation of the RAS/MAPK and PI3K/AKT signaling pathways, which
enhance eIF4A activity, promoting the translation of select oncogenes that are required for
tumor cell proliferation, survival and metastasis.
Zotatifin (eFT226) is a selective eIF4A inhibitor that converts eIF4A into a sequence specific
translational repressor by forming a stable ternary complex between eIF4A, zotatifin and
polypurine sequence motifs in the 5’-UTR leading to selective downregulation of mRNA
translation. These polypurine motifs are enriched in the 5’-UTRs of zotatifin target genes,
including known oncogenic drivers such as KRAS, HER2, FGFR1/2, c-MYC, and cyclin D1,
enabling zotatifin to selectively inhibit aberrant oncoprotein expression. In solid tumor
models driven by alterations in KRAS, HER2, FGFR1 or FGFR2, downregulation of
oncoprotein expression by zotatifin resulted in potent inhibition of cell proliferation,
induction of apoptosis, and significant single agent in vivo tumor growth inhibition.
Many of these same oncoproteins act as feedback resistance mechanisms to current cancer
therapies, highlighting the importance of identifying effective drug combination strategies.
Using our mechanistic understanding of zotatifin targets and upstream signaling pathways,
we have identified several combination strategies utilizing zotatifin. Through
downregulation of cyclin D1 and RTK protein expression, zotatifin can effectively block
resistance mechanisms against KRASG12C or CDK4/6 targeted agents that often arise via
activation of RTK signaling or overexpression of cyclin D1, thereby enhancing the activity of
these targeted therapies. Likewise, combination with zotatifin enhances the activity of
additional agents acting on the MAPK pathway (e.g. MEK and SHP2 inhibitors) in KRASmut

lung and colorectal cancers. In addition, vertical inhibition of the PI3K/AKT/mTOR/eIF4F
pathway by combining zotatifin with PI3K, AKT or mTOR inhibitors is synergistic in multiple
breast cancer models.
These data demonstrate the efficacy of zotatifin both as a single agent and as part of
rationally designed combination strategies providing guidance to ongoing clinical
development. A clinical trial evaluating zotatifin in patients with solid tumor malignancies
has been initiated.
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Figure 3. Oncoprotein expression is translationally regulated by eFT226. A) SW620 colon cancer cells
harboring a KRAS mutation were treated with eFT226 prior to analysis by polysome fractionation and
qPCR. eFT226 inhibits the translation of KRAS and CCND1 (left, center panels), but not a control gene,
POLR1b (right panel). B) HER2 amplified MDA-MB-361 breast cancer cells were treated with eFT226 prior
to analysis by polysome fractionation and qPCR as in (A). eFT226 inhibits the translation of HER2 and
CCND1 (left, center panels), but not a control gene, GAPDH (right panel).

• eFT226 is a potent and selective inhibitor of eIF4A dependent translation
• eFT226 inhibits the translation of key oncoproteins via 5’-UTR regulatory motifs
• eFT226 blocks the expression of proteins commonly involved in acquired resistant to 

targeted therapies thus synergizing with these therapies in vitro and in vivo. 
• eFT226 is being evaluated in clinical trials for patients with solid tumor malignancies

harboring activating KRAS mutations or select RTK alterations (NCT04092673)

Figure 1. eIF4A is a central node controlling oncogenic gene expression. The RNA helicase eIF4A is an
essential component of the translation initiation complex that regulates the translation of key oncogenes
involved in tumor cell proliferation, survival and metastasis. Multiple oncogenic signaling pathways
converge to modulate eIF4A activity. eFT226 is a potent and specific inhibitor of eIF4A that blocks the
translation of select oncoproteins including KRAS, several RTKs, and Cyclin D1 (colored red).

B.

Combination with eFT226 Enhances the Activity of Agents 
Targeting the MAPK Pathway in KRAS Mutant Tumors 

Figure 4. eFT226 combines with PI3K-AKT-mTOR pathways inhibitors in RTK amplified cells. A) RTK
amplified cell lines were treated with Alpelisib (PI3Kαi), Capivasertib (AKTi), or Sapanisertib (mTORi)
alone and in combination with eFT226 for 72 hr prior to analysis by Caspase-Glo 3/7 to monitor
apoptosis. Table summarizes apoptosis as the fold increase over monotherapy. B-D) Representative
graphs illustrate apoptosis induction as a function of drug concentration measured by Caspase-Glo 3/7
for the indicated cell lines. Max concentrations: eFT226/Sap. = 100nM, Alp. = 4 µM, Capi. = 20 µM.

Vertical PI3K-AKT-mTOR-eIF4F Pathway Inhibition is 
Synergistic in RTK Driven Cancers

Figure 6. eFT226 combines with SHP2 inhibitors to induce apoptosis in KRAS mutant cells. A) KRAS mutant
cells were treated with eFT226 (100 nM max conc.) and RMC-4550 (SHP2i, 10 µM max conc.) alone or in
combination for 72 hr prior to analysis of apoptosis by Caspase-Glo 3/7. The table represents the fold
increase in apoptosis over monotherapy for select KRAS mutant cells. B) The graph represents induction of
apoptosis compared to DMSO control for select KRAS mutant cell lines reported in the table.

C.

eFT226 Inhibits the Translation of Specific Oncogenic Driver Genes

A.

Figure 5. eFT226 inhibits the expression of cell cycle proteins and synergizes with CDK4/6i. A) KRAS
mutant cell lines were treated with the indicated concentrations of eFT226 for 24 hr prior to analyzing
protein levels by western. B) eFT226 combined with palbociclib (CDK4/6i) inhibits cell proliferation in a
2D colony formation assay. Cells were treated with a 24 hr pulse of eFT226 and/or palbociclib followed
by continuous treatment with palbociclib for an additional 13 days. C) MDA-MB-361 cells were treated
with the indicated concentrations of eFT226 for 24 hr prior to analyzing protein levels by western. D)
MDA-MB-361 cells were treated with eFT226 (45 nM, 24 hr) and/or palbociclib (41 nM, 6 days) prior
to cell counting by flow cytometry on day 6 . E) MDA-MB-361 xenograft-bearing animals were treated
with either vehicle, eFT226 (0.1 mg/kg Q4D), palbociclib (30 mg/kg QD), or the combination therapy.
Treatment was carried out for 25 days (arrow). Tumor growth inhibition persisted in the combination
treatment group long after cessation of treatment.

A.

eFT226 Combinations with KRASG12Ci

KRAS 5’-UTR Reporter Assay

eFT226 Inhibits Target Gene Translation via Sequence Specific 
Regulatory Motifs in the 5’-UTR 

Figure 2. Translational regulation by eFT226 is mediated by sequence motifs in the 5’-UTR. A) Chemical
structure of eFT226. B) Diagram of the ternary complex interactions between eIF4A, eFT226, and mRNA.
C-D) Inhibition of in vitro translation. C) Luciferase reporter gene constructs containing wildtype KRAS 5’-
UTR or an altered version lacking purine motifs were transiently transfected into the HEK293t cell line and
treated with increasing concentrations of eFT226 for 4 hr in triplicate. D) Luciferase reporter gene
constructs containing 5’-UTRs of FGFR1/2, HER2 or TUBA were analyzed as above. E-F) Predicted eFT226
binding sites were deleted from 5’-UTR (∆UTR) constructs. Overexpression of ∆UTR constructs: FGFR2 in
the SNU-16 cell line (E) and HER2 in the MDA-MB-361 cell line (F) . Cells were treated with eFT226 for 24
hr and FGFR2, HER2, Cyclin D1, Tubulin or Vinculin protein levels were analyzed by western blot analysis.
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Figure 8. eFT226 inhibits the growth of KRAS driven xenografts in vivo. A) KRASG12C mutant cells were
treated with eFT226 (100 nM max conc.) and AMG-510 (KRASi, 1 µM max conc.) alone or in combination
for 72 hr prior to analysis of apoptosis by Caspase-Glo 3/7. The table represents the fold increase in
apoptosis over monotherapy. B) The graph highlights caspase induction over DMSO control for select cell
lines. C) SW837 cells were treated with 100 nM eFT226 and/or AMG-510 for 24 hr prior to western blot
analysis. D) SW837 xenograft-bearing animals were treated with either vehicle, eFT226 (0.1 mg/kg), AMG-
510 (30 mg/kg), or combination therapy for 21 days (arrow).

Inhibition of Cell Cycle Targets by eFT226 Provides Opportunities 
for Combination with CDK4/6 Inhibitors
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MDAMB361 ER, HER2, PIK3CA 4 3 8

EFM192A ER, HER2, PIK3CA 2 5 7

HCC1419 ER, HER2 4 10 6

MFM223 FGFR2, PIK3CA 7 10 3

SKBR3 HER2 3 4 3D.
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Cell Line Tumor 
Type Mutation

Fold Increase in 
Apoptosis

eFT226 + AMG-510

SW837 CRC KRAS (G12C) 2

SW1463 CRC KRAS (G12C) 3

Calu1 NSCLC KRAS (G12C) 2

NCI-H23 NSCLC KRAS (G12C) 3

Cell Line Mutation
Fold Increase in 

Apoptosis
eFT226 + RMC-4550

NCI-H1792 KRAS (G12C) 2

NCI-H23 KRAS (G12C) 3

SW1573 KRAS (G12C) 1

CORL23 KRAS (G12V) 2

NCI-H650 KRAS (Q61L) 1

NCI-H460 KRAS (Q61H) 1

C.

Day 
zero

A.

Cyclin D1

GAPDH

p-Rb

Rb

0 10 30 100 eFT226 (nM)

MDA-MB-361

B.

E.

A. B.

B. C. D.
MFM223MDA-MB-361 SKBR3

B.

D.

D.
MDA-MB-361

A. C.B.
SW620SW620

D.
SW837SW837

Figure 7. eFT226 combines with MEK inhibitors to induce apoptosis in KRAS mutant cells. KRAS mutant
cells were treated with eFT226 (max concentration = 100 nM) and Cobimetinib (MEKi, max concentration =
1 µM) alone or in combination for 72 hr prior to analysis of cell viability and apoptosis by Cell Titer-Glo and
Caspase-Glo 3/7 respectively. A-D) Cell viability and apoptosis in SW620 (KRASG12V) and SW837(KRASG12C).
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