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Abstract: Polyphor’s macrocycle platform led to the discovery of novel antibiotics addressing specifically Gram-
negative bacteria by targeting outer membrane proteins. Furthermore, POL6014, an inhibitor of neutrophile 
elastase and balixafortide, a CXCR4 inhibitor have been discovered and developed from the platform. Currently 
a combination of balixafortide and eribulin is in Phase III clinical trial for the treatment of patients with advanced 
metastatic HER2-negative breast cancer.
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1. Introduction: A Short History of Polyphor Ltd
Polyphor Ltd was founded in November 1996 and started op-

erations in laboratories at the University of Zurich in early 1997. 
In collaboration with the research group of Professor John A. 
Robinson at the University of Zurich the company developed a 
proprietary macrocycle-based discovery platform with the aim to 
address novel therapeutic targets with high unmet medical need. 
Besides applying the macrocycle platform in collaboration with 
Pharma partners, the company explored the potential of the plat-
form to initiate its own drug discovery and development projects. 
The focus of internal programs was on a novel class of antibiot-
ics against key Gram-negative bacteria, inhibitors of chemokine 
receptors (e.g. CXCR4, CXCR7, CCR10), and inhibitors of ser-
ine proteases (neutrophil elastase, tryptase, cathepsin G). In 2008 
the company moved completely to Allschwil, where it found an 
ideal home and a stimulating environment for its further develop-
ment. In 2017, the company decided to place the focus on further 
development of its key clinical assets balixafortide (POL6326), 
murepavadin (POL7080), and POL6014. In early 2018, the in-
haled elastase inhibitor POL6014 was licensed to Santhera 
Pharmaceuticals. In May 2018, Polyphor made a very successful 
IPO at the Swiss Stock Exchange (Six).

2. Macrocycle-based Technology Platform
Many of the novel emerging targets involve large surface 

protein–protein interactions (PPIs) where medium-sized macro-
cycles (MW range 500–2000 Da) have been proposed as potential 
ligands.[1] 

Two different macrocyclic approaches were developed at 
Polyphor (Fig. 1, Fig. 2): 
a)	 Conformationally constraint macrocyclic peptides mimicking 

key epitopes displayed on the surface of bioactive peptides 
and proteins such as the β-hairpin and the α-helix (PEMfinder, 
PEM: protein epitope mimetics) in the molecular weight range 
of 700–2000 Da (6 to 20 amino acids) containing sequences 
derived from bioactive peptide ligands.[2]

b)	 Non-peptide-derived macrocycles in molecular-weight range 
500–800 Da (MacroFinder) mimicking key turn and loop-like 
structures observed in bioactive peptide ligands.[3]

PEMfinder molecules are applicable mainly for complex ex-
tracellular targets including PPIs and are administered parenter-

ally and/or by inhalation.[2b] In contrast, MacroFinder molecules 
have a smaller MW and have been designed to also address intra-
cellular PPIs.[4] In recent years several articles have highlighted 
the unique features of macrocycles to address complex molecular 
targets and rules for achieving cell permeability and oral bioavail-
ability.[2b,5] First, their larger size compared to small molecules 
allows them to bind to ‘hot spots’ with binding sites typically 
in the range of 800–1200 Å2[6] and second, their conformational 
semi-rigidity provides the necessary flexibility for induced fit.[7]

3. OMPTA: A Novel Class of Antibiotics
The global emergence of pan-resistant bacterial strains com-

bined with a dry pipeline of novel antibiotics with novel mecha-
nisms of action increase the chances of a global antibiotic crisis.[8] 
The WHO has issued a priority pathogen list (PPL) of antibiotic 
resistant bacteria which currently constitute a severe threat to 
society.[9] Priority 1 pathogens include carbapenem-resistant 
Pseudomonas aeruginosa (Pa), Acinetobacter baumannii (Ab), 
and third-generation cephalosporin-resistant and carbapenem-
resistant Enterobacteriaceae, all belonging to Gram-negative 
bacteria. 

In collaboration with the University of Zurich, Polyphor has 
developed a novel class of antibiotics (outer membrane protein tar-
geting antibiotics OMPTA)[2b] that specifically addresses Gram-
negative bacteria. Inspired from sequences of antimicrobial pep-
tides (AMPs) and host defense peptides (HDPs) libraries of PEM 
molecules were synthesized and tested against a panel of Gram-
negative bacteria.[2a] Initial hits were subsequently optimized by 
a multi-dimensional medicinal chemistry approach. Three pro-
grams addressing different outer membrane protein targets (Fig. 
3) led to prototypical OMPTA molecules with novel mechanisms 
of action and differing antimicrobial spectrum (Fig. 4).

Murepavadin (POL7080) (Fig. 2), the first antibiotic of the 
OMPTA class that was discovered and developed, is potent 
and pathogen-specific against Pa including multidrug resistant 
(MDR), extensively drug resistant (XDR) and colistin-resistant 
strains (Fig. 3).[10] Mechanism of action studies unambiguously 
showed that murepavadin binds to the lipopolysaccharide trans-
port protein (LptD) at the periplasmic jellyroll domain blocking 
the translocation of lipopolysaccharide (LPS) from the periplasm 
to the outer membrane (Fig. 3).[10,11] Murepavadin is currently in 
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analogues of thanatin, a 21 amino acid residue antimicrobial 
peptide isolated from the hemipteran insect Podisus maculiven-
tris (soldier bug) with antimicrobial and antifungal activity.[15] 
The primary mechanism of action responsible for the Gram-
negative activity of thanatin was identified only recently.[16] 
Thanatin interacts in the periplasm at the LptD-LptA interface 
by binding to the N-terminal jellyroll region of lipopolysaccha-
ride transport protein A (LptA), thereby inhibiting proper LPS 
transport across the periplasm (Fig. 3). The peptide exhibits a 
β-hairpin conformation in solution which is key for its interac-
tion with LptA.[8b,17] In order to improve the low in vitro plasma 
stability and short in vivo half-life, Polyphor has initiated a pep-
tide optimization program which resulted in thanatin derivatives 
with significantly improved antimicrobial activity and druglike 
properties. Thanatin derivatives show potent activity against car-
bapenem-resistant and third generation cephalosporin resistant 
Enterobacteriaceae which are key pathogens contributing to the 
antimicrobial resistance (AMR) problem. This program is at hit-
to-lead optimization stage and receives significant funding from 
Innosuisse and CARB-X.

Phase I clinical development as an inhaled formulation to treat 
people with cystic fibrosis (CF).[8b,12]

The second OMPTA class consists of chimeric macrocyclic 
antibiotics containing two pharmacophores targeting LPS and 
BamA, two key essential targets located in proximity at the outer 
membrane of Gram-negative bacteria.[13] BamA is a β-barrel pro-
tein and part of the BAM (β-barrel assembly machinery), which 
is critical for the folding and integration of β-barrel proteins in 
the outer membrane.[14] These antibiotics show a unique spectrum 
of activity by targeting all WHO priority 1 pathogens (Fig. 4). 
POL7306 (structure currently undisclosed) and its closely related 
analogue compound 7[13] (Fig. 2) are representative lead molecules 
that showed potent antimicrobial in vitro activity which translated 
also in good in vivo activity in various murine animal infection 
models including MDR, XDR and colistin-resistant strains.[13] 
Further optimization is currently ongoing in view to discover and 
nominate a candidate for further preclinical and clinical studies. 
This program obtained significant funding from CARB-X.

Finally, in collaboration with Professor Oliver Zerbe at the 
University of Zurich, a program was initiated in 2019 to develop 

Fig. 1. Polyphor’s macrocycle 
platform is composed of PEMfin-
der (macrocyclic peptides MW: 
700–2000 Da; ~35’000 cpds) and 
MacroFinder (non-peptide macro-
cycles MW: 500–850 Da; ~20’000 
cpds).

Fig. 2. Polyphor’s development 
compounds are derived from its 
proprietary macrocycle platform.
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applied its PEM technology and synthesized a series of analogues 
which led to P0001689 with potent CXCR4 inhibition (IC

50 
= 15 

nM; Ca-flux) (Fig. 5).[20] In a subsequent optimization roughly 
200 analogues were designed, synthesized and tested. The focus 
was to further stabilize the β-hairpin bioactive conformation, im-
prove plasma stability and potency. This effort led to POL3026 
and POL2438 with excellent CXCR4 inhibitory activity (IC

50 
= 

1.2 nM and 1.9 nM, respectively). Further optimization with the 
aim of improving selectivity, PK and safety while maintaining 
potency led finally to POL6326 (balixafortide; Fig. 5) which was 
nominated for further preclinical and then clinical development. 
Balixafortide is a 16-amino acid residue cyclopeptide β-hairpin 
mimetic with one intramolecular disulfide bond. The importance 
of β-hairpin mimicry was recently shown by an X-ray structure 
of a PEM inhibitor bound to CXCR4 (Fig. 6).[24]

The therapeutic potential for CXCR4 ligands includes stem 
cell mobilization, HIV-1 infection, cancer, and immune system-
related disorders.[18a,19b] Recently, the rich biology of the CXCR4-

4. Balixafortide: Best in Class CXCR4 Inhibitor
The CXCR4 chemokine receptor and its ligand CXCL12 

(SDF-1α) form a key signaling axis that is implicated in several 
important biological processes and human diseases.[18] Several 
classes of CXCR4 modulating molecules, such as small mole-
cules, peptide and peptide mimetics, and therapeutic antibodies 
have been described and investigated.[19] Peptidomimetic com-
pounds in particular have led to development of potent therapeu-
tically powerful inhibitors.[19b,20] One of the first CXCR4 inhibi-
tors described was polyphemusin II (Fig. 5), a naturally occurring 
18-amino acid peptide isolated from the American horseshoe crab 
(Limulus polyphemus), as well as the closely related synthetic 
analogue T22.[21] A β-hairpin conformation stabilized by two in-
tramolecular disulfide bonds was observed for Polyphemusin II 
and T22 ([Tyr5,12, Lys7]-polyphemusin II) by solution NMR and 
seems critical for the binding to CXCR4 (Fig. 6).[22] Shortened 
analogues of polyphemusin II maintaining the β-hairpin structure 
led to the discovery of TC140.[23] Inspired by this work Polyphor 

Fig. 3. Targets of outer membra-
ne protein targeting antibiotics 
(OMPTA).

Fig. 4. Overall spectrum of anti- 
microbial activity of OMPTA mol-
ecules.

high activity

medium activity

no activity
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balixafortide was comparable to that of eribulin monotherapy. A 
pivotal Phase III trial is ongoing (NCT03786094).

Balixafortide is well tolerated and is therefore an excellent 
candidate drug for other combination approaches. For example, 
balixafortide demonstrated in a humanized breast cancer PDX 
model (murine patient derived xenograft model) strong syner-
gistic efficacy with paclitaxel, another tubulin binding drug with 
different mode of action compared to eribulin.[32] The efficacy in 
combination (T/C 13%, partial remission) was statistically superi-
or (p < 0.001 2w Anova) to paclitaxel alone (T/C 42%). According 
to RECIST criteria, such T/C 13% / 87% inhibition of tumor vol-
ume in the combination arm is rated as partial remission (Fig. 7).

5. Summary and Outlook 
We are a company committed to discovering and developing 

best-in-class molecules in oncology and antimicrobial resistance 
leveraging the company’s leading macrocyclic peptide technol-
ogy platform. In 2020, Polyphor has demonstrated the capacity 
to deliver on our strategic plan despite challenging circumstances 
in the pandemic, rapidly advancing its pipeline and most notably, 
successfully completing the enrolment of the balixafortide Phase 
III study with 432 patients. Our priorities for 2021 are to reach the 
critical data readout for this study and to initiate on the inhaled 
murepavadin Phase I program for cystic fibrosis (CF). We will 
also continue with our efforts to establish a pipeline of potentially 

Fig. 7. Efficacy of balixafortide – paclitaxel combination compared to 
single agent anti-tumor activities in a murine patient derived xenograft 
(PDX) model.

CXCL12 axis and its potential preclinical and clinical applica-
tions in oncology was reviewed.[25] Balixafortide and other PEM 
CXCR4-targeting analogues were evaluated in preclinical studies, 
such as in stem cell mobilization and cancer.[26] For instance, sig-
nificantly higher hematopoietic stem cell (HSC) mobilization was 
achieved than for the approved drug plerixafor.[27]

Polyphor evaluated opportunities for clinical development in 
solid tumor indications. Three facts led finally to develop balixa-
fortide in breast cancer: 
1)	 Epidemiology: CXCR4 is overexpressed in human breast can-

cer and metastatic tumor relative to normal breast tissue.[28]

2)	 Prognosis and survival: there is a strong negative correlation 
of CXCR4 expression with overall and disease-free survival 
of breast cancer patients.[29]

3)	 Preclinical data: PEM CXCR4 inhibitors demonstrated syn-
ergistic activity when combined with the microtubule binding 
drug eribulin in two orthotopic models of triple negative breast 
cancer to significantly reduce distant metastasis.[30]

Clinical proof-of-concept in combination with eribulin was 
recently demonstrated in a Phase I single arm dose-escalation 
trial in patients with metastatic HER2-negative breast cancer 
(NCT01837095).[31] The objective response rate in the expanded 
cohort (where patients received a dose of 5.5 mg/kg balixafortide 
and 1.4 mg/m2 eribulin) was 38% (median duration 4.4 months), 
and the clinical benefit rate was 63% (median duration 8.1 
months). This favourable therapeutic effect was clearly balixafor-
tide dose dependent with lower efficacy in two lower dose groups 
1 and 2. Tolerability and safety of eribulin in combination with 

Fig. 5. Balixafortide optimization 
process.

Fig. 6. American horseshoe crab, polyphemusin II/T22, X-ray structure 
of a PEM inhibitor bound to CXCR4.[24]
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transformative new oncology and antibiotic candidates and new 
indications for balixafortide.

Balixafortide in particular can provide substantial benefit for 
patients in advanced HER2-negative breast cancer in combina-
tion with a chemotherapy, eribulin. Despite the number of therapy 
options available, advanced or metastatic HER2-negative breast 
cancer remains incurable and a major cause of mortality and mor-
bidity in women. In HER2-negative advanced breast cancer with 
patients who have received two chemotherapies prior, eribulin is 
the only approved chemotherapy that has shown survival benefit 
versus standard of care. The median survival rate in this study has 
been on average 13.1 months (median), showing the substantial 
unmet need in this stage of the breast cancer.[33] Therefore, balixa-
fortide could provide substantial additional benefit to women with 
advanced breast cancer in combination with eribulin depending 
on the Phase III outcomes. If approved, balixafortide would be the 
first CXCR4 inhibitor for a solid tumor indication spearheading a 
novel immuno-oncology approach.

Beyond oncology, Polyphor has discovered a novel class of 
antibiotics, the Outer Membrane Protein Targeting Antibiotics 
(OMPTA). This new class has the potential to provide break-
through treatment options for difficult to treat infections caused 
by Gram-negative bacteria (including XDR strains). In our re-
search and development, we exclusively focus on WHO priority 
1 pathogens which are the most critical group of multidrug resis-
tant bacteria that pose a particular threat to public health. Within 
OMPTA class, inhaled murepavadin is our most advanced prod-
uct candidate currently in Phase I development for CF. Infections 
will remain a major problem in CF post cystic fibrosis transmem-
brane conductance regulator (CFTR) modulator era as patients 
live longer. Pseudomonas aeruginosa (Pa) is estimated to account 
for more than half of the chronic infections in CF. It is the lead-
ing cause of exacerbations, lung function decline and mortality 
in CF. In contrast to commonly used broad-spectrum antibiotics, 
murepavadin is pathogen specific. This makes it a precision medi-
cine, highly potent against Pa, including most resistant strains, 
with a reduced risk of increasing resistance in other pathogens. 

Since its establishment in 1996, it has been an exciting journey 
for Polyphor to establish a novel peptide based chemical platform 
and transform to a late stage publicly listed biotechnology com-
pany. In summary, we are encouraged that our products have the 
potential to bring significant benefits to patients. 
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