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Figure 3: Reduced ABCB1 expression is 

strongly associated with MTBA sensitivity. 

ABSTRACT

INTRODUCTION

• Our clinical stage Bicycle toxin conjugates® (BTCs)
(BT1718, BT5528, BT8009) consist of a tumor
antigen targeting bicyclic peptide linked to a
microtubule binding agent (MTBA) payload via a
molecular spacer and cleavable linker.

• Early signs of clinical activity have been reported
for BT1718 and BT5528 (the two most advanced
BTCs) in the ongoing Phase I/II trials.

• The aim of this study was to build an integrated
computational infrastructure to understand factors
likely to influence response to BTCs™, including
tumor antigen expression and MTBA BTC payload
sensitivity.

• We identified 181 genes whose transcript 
expression was associated with sensitivity to 
MTBAs. 

• Low ABCB1 expression was associated with MTBA
sensitivity, and MTBAs were more commonly
approved in cancer indications with relatively low
ABCB1 expression.

• Transcript expression of BTC-tumor antigens (e.g.
MT1-MMP (BT1718), EphA2 (BT5528) & Nectin-
4(BT8009)) was integrated into our computational
pipeline.

• We anticipate use of a multiplex approach, which
includes quantification of BTC tumor antigen and
ABCB1 expression to help elucidate BTC response
profiles.

• Bicycles are fully synthetic constrained peptides with
antibody-like affinities and target selectivity that
readily penetrate tumor tissue, have relatively short
half-lives, and can be chemically linked to a toxin to
generate BTCs.

Figure 1: BT5528, a BTC consists of an EphA2 tumor antigen
targeting bicyclic peptide linked to MMAE (an MTBA) via a molecular
spacer and cleavable (ValCit) linker.

• ABCB1, which is an ATP-dependent efflux pump
(aliases: P-glycoprotein 1 (PGP); multidrug resistance
protein 1 (MDR1)), can pump MTBAs and other drugs
out of the cell and has been implicated in resistance
to MTBAs.

METHODS
• Regression modeling was performed on the

Genentech cell line screening initiative (gCSI) dataset
[1] from PharmacoDB (accessed on 17-Nov-2020)
[2], which contains both RNA-seq and efficacy
readouts (dose-response curves) to identify genes
potentially involved in MTBA sensitivity.

• Area above the dose-response curve (AAC) was used
as a measure of efficacy and potency.

• In the linear regression model of gene-drug
sensitivity, genes that are significantly associated
with a sensitivity measure have a non-zero slope,
where the AAC changes with gene expression. An
FDR corrected p-value threshold of < 0.01 was used
as a cutoff.

• ABCB1 transcript expression across cancer indications
was quantified using The Cancer Genome Atlas
(TCGA) dataset [3] (accessed on 8-Jan-2021), MTBA
clinical use was measured using TCGA and GlobalData
(accessed on 3-Mar-2021), and MTBA clinical
approval status was determined using Medscape [5]
(accessed on 9-Mar-2021).

• GlobalData was used to estimate the clinical use of 
MTBAs in cancer indications using the following: 1) 
filter for tubulin inhibitors as mechanism, 2) 
remove drug combinations, 3) filter for marketed 
drugs, 4) count # of times drug was 
developed/indication (eliminate duplicates if drug 
was developed in multiple regions).

• For MTBAs in Medscape (paclitaxel, docetaxel, 
taxol, oraxol, docefrez, Taxotere), approval status 
was determined by cancer indication and followed a 
hierarchy of 1) approved indication, 2) orphan 
designations, or 3) off-label use. MTBA status was 
annotated as the highest order designation and if 
no MTBAs were used the indication was listed as 
“not approved.” (e.g. HNSC was listed as off-label 
for paclitaxel but was approved for docetaxel →
HNSC = approved for taxanes).

Figure 5: BLCA has relatively low ABCB1 RNA expression and relatively high A) 

EphA2 and B) Nectin-4 RNA expression. 
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• We identified genes whose transcript
expression were associated with
sensitivity to MTBAs.

• Our proposed computational pipeline
is intended to help identify cancer
indications predicted to be sensitive
to MTBAs with high expression of
BTC-tumor antigens

• A multifactorial approach that
characterizes both target expression
and MTBA sensitivity is underway to
understand BTC sensitivity.

• We anticipate use of a multiplex
approach that will quantify BTC
tumor antigen and ABCB1 expression
in addition to other potential
biomarkers to help elucidate BTC
response profiles.
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Figure 4: MTBA agents are more commonly approved in cancer indications with lower relative ABCB1 expression 
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Building towards a computational infrastructure to aid in the 
interpretation of Bicycle® toxin conjugate response profiles

Figure 2: Identification of 181 genes predicted to influence MTBA 

sensitivity.

RESULTS

Analysis of the gCSI dataset in PharmacoDB led to the identification of 181 genes associated
with both paclitaxel and docetaxel (two MTBAs) sensitivity (false discovery rate (FDR) < 0.01).
18 of the 181 genes, including ABCB1, were associated with paclitaxel and docetaxel sensitivity
(as defined by AAC) but not doxorubicin or gemcitabine (non-MTBA cytotoxic agents)
sensitivity, suggesting these 18 genes may be specifically implicated in the mechanism of
action of MTBAs.
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A) Indications are ordered based on the percentage of patients (see x-axis label) treated with a MTBA out of the total number of patients in that TCGA cohort. The
number above each boxplot indicates the number of GlobalData entries (see Methods). B) ABCB1 expression was statistically significantly lower in tumor samples
from TCGA for patients in MTBA approved cancer indications compared to indications where MTBAs are not approved as determined using a Wilcoxon rank sum test
(*p-value < 2.2e-16).
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ABCB1 RNA expression in bladder urothelial carcinoma (BLCA) is plotted against A) EphA2 RNA 
expression or B) Nectin-4 RNA expression. Lines on the X and Y axis indicate the median expression of 
tumor antigen or ABCB1, respectively, across all 33 TCGA cancer indications. Expression of BTC-tumor 
antigens (e.g. MT1-MMP (BT1718), EphA2 (BT5528) & Nectin-4(BT8009)) vs. ABCB1 expression was 
integrated into our computational infrastructure for all TCGA cancer indications (not shown). 

A) Docetaxel and B) paclitaxel sensitivity using AAC is 
plotted against FDR corrected p-value. The 18 genes 
that are associated with sensitivity to MTBAs, but not 
doxorubicin or gemcitabine are highlighted in purple 
(see Fig. 2). 

*

p-value < 2.2e-16
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