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Infectious disease research is a triathlon

L ET’S FACE IT, SOME DISEASES ARE EASIER THAN OTHERS  
to get a handle on and identify treatments that can rein them in. 
Cardiovascular disease is probably an easier target than diabetes 
and is definitely an easier target than neurological ailments. Cancer 
comprises myriad variants and remains a long-haul. And then there 

is infectious disease—a multitude of pathogens that mutate and sometimes 
become resistant, and entirely new ones that just pop out of seemingly nowhere. 

If many diseases are a hard-run sprint and still others are marathons, infectious 
disease is one of the areas that’s more like a triathlon.

We’re dealing with that now in the midst of the COVID-19 pandemic with a 
virus that’s decided to not only endure but also recently unleash a more infectious 
variant on us, and it’s not like other problems such as drug-resistant bacteria and 
so many other challenges went away to give us space to take a breath.

This issue, we have a Focus Feature on vaccines and, as you can probably guess, 
COVID will loom large in that feature. Last month we had a Special Report on 
infectious disease and, wisely, our features editor, Randall C Willis, decided not 
to take the “easy” route and talk about the novel coronavirus because it’s about 
more than this pandemic. And it’s about more than vaccines.

As Randy noted in that feature, vaccines are great, but they don’t cover all 
our needs. People will still become infected with viruses, so we need antiviral 
therapeutics as well. We cannot become so focused in the race against disease 
that we neglect one area for another. Again, it’s a triathlon. You can’t just be good 
at running, swimming, or cycling. One skill won’t carry you to victory.

I was also reminded of the long-haul nature of infectious disease drug discov-
ery and development as I looked back at an email from late 2020 in which the 
European Medicines Agency (EMA) endorsed a statement by the International 

Coalition of Medicines Regulatory Authorities (ICMRA) 
urging vaccines researchers and investigators, academia, 
regulators, and the pharmaceutical industry to continue 

COVID-19 vaccine trials beyond the time when the pre-defined cases of COVID-
19 disease for final analysis in a trial have been reached.

“Vaccines will be a key component in overcoming COVID-19, and we must 
ensure that robust and convincing evidence is being generated to enable the 
continuous assessment of their benefits and risks,” wrote Emer Cooke, chair of 
ICMRA and EMA’s executive director.

See? Even if you’re focused just on vaccines, it’s a marathon—and 
maybe still a triathlon.

The speed with which we have now reached the point of apparently effective 
vaccines has been astounding. The level of cooperation among various stakehold-
ers, some of the competitors—and the speed with which regulators have approved 
new vaccines to push back COVID—is a wonder to behold. But we’re still in for 
the long haul, so all the best to all of you in this race. May you never suffer from 
tunnel vision and may the successes keep coming. n

insight+opinion
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“It’s a triathlon. You can’t just  
be good at running, swimming,  
or cycling. One skill won’t carry 
you to victory.”
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A great leap from clinical trials  
to clinical practice
BY PETER T. KISSINGER

I N THIS  ERA OF  SARS - CoV-2  
we have an opportunity to educate 
the motivated. Pharmacology is front 
of mind for many of us, and there 
are some inconvenient truths about 

pharmaceuticals most don’t consider. 
We now know that individuals respond to 

SARS-CoV-2 very differently with respect to 
depth of risk, time to recovery, organ systems 
affected, and chronic damage. We also have seen, 
in less than a year, very different conclusions 
about the effectiveness of experimental 
therapies from oxygen to anti-inflammatories to 
antivirals. We can’t be definitive about anything 
yet beyond that some approaches may benefit 
some of the patients some of the time at doses 
that remain unclear. On average a therapy may 
be helpful or not. But averages are not patients. 

What is not well appreciated is that this is 
normal. Every mammal from a companion 
animal to a grandparent subjected to pharma-
cology for the first time is participating in an 
informal N=1 clinical trial. This applies to the 
choice of an over-the-counter drug or a pre-
scription to be filled.

Anyone following public reports on the trials of 
older drugs, newer drugs, or experimental drugs 
for SARS-CoV-2 will have heard declarations of 
miracles, tentative benefits, nothing positive, or 
adverse reactions. The reports have come from 
public figures, news outlets, medical journals, 
and public health agencies around the world. 
Quite often, these conclusions may apply—
but never simultaneously. “Does it work?” is a 
very complex question. Viable answers are “It 
depends” or “Maybe.”

Let’s look at remdesivir as an example. 
Multiple trials have been carried out with mixed 
results (for example: Beigel, J.H. et al. N Engl J 
Med 2020;383:1813-26 and Goldman, J.D. et 
al. N Engl J Med 2020; 383:1827-37). The first 
of these studies utilized a 200 mg loading dose 
intravenously followed by 100 mg daily for the 
following nine days. This trial was placebo-
controlled and double-blinded. The second 
study was randomized open-label with the 
same IV dose protocol, but for one group the 
treatment was terminated at day five and for the 
other at day 10. These studies (and others) were 
designed and executed early in the pandemic. 

Reported conclusions suggested a benefit in 
reduced days in an intensive care unit on aver-
age for those with severe illness, suggesting the 
drug showed some benefit. Six months later, 
the conclusions for remdesivir are very mixed. 
The largest study (the Solidarity trial), organized 
by the World Health Organization (WHO), 
reported that there was no faster recovery time 
or reduced mortality. The FDA granted an Emer-
gency Use Authorization in early May and then 
approved the drug in late October. Wise or pre-
mature? More recently, a WHO panel recom-
mended against the use of remdesivir (Veklury) 
while the manufacturer Gilead remains positive.

Just as things seemed to be focusing, we 
learn of other Veklury trials that appear to have 
been quite successful, including a combination 
with the Lilly arthritis drug baricitinib (Kalil, 
A.C. et al. N Engl J Med 2020; DOI: 10.1056/
NEJMoa2031994). Other drug combinations 
are in still active trials. 

Likewise, very positive clinical results were 

announced by OncoImmune for its Saccovid 
(now MK-7110). Merck was impressed and 
bought the company. This is all getting hard to 
follow, but again, the uncertainty is normal, and 
we remain in the early innings. 

Automobile and smartphone models come 
off the assembly line with Six Sigma consistency. 
Humans do not. Therefore, we test drugs in sub-
populations, including gender, race, age, size, 
diet, and comorbidities. We usually start simple 
with healthy subjects (cancer drugs have long 
been an exception). If things go wrong there, it’s 
usually game over. Do no harm. When an exper-
imental drug is dosed in a volunteer patient at 
the early stages, there is much that can be mea-
sured in response to the several doses explored. 
With indications of positive results (pharmacol-
ogy) and minimal negative results (toxicology) 
the trials are extended to larger populations. 

With that extension, what is measured 
quickly becomes very sparse. Opportunity 
for understanding is thus lost. Should those 
COVID patients have all received 100 mg? 
That was a guess, perhaps a hurried one given 
the emergency. We really have no way of 
knowing how much drug those patients were 
exposed to over time. 

The term “area under the curve” (AUC) 
describes this. Because drugs will clear 
from different patients at different rates 
and those rates will depend on metabolism, 
organ function (kidney), and other drugs in 
circulation, we can’t fully explore the benefits/
risks with respect to exposure. Will it matter? 
We can’t know if we don’t measure. Will adverse 
events relate to exposure? Will time in the ICU 
relate to exposure? We’ve had no convenient 
means to make exposure measurements 
in clinical practice. 

We use the term EC for effective plasma 
concentration against a virus. EC50 is half 
that. These are low-quality numbers—rules of 
thumb—varying with the virus. For bacterial 
infections, MIC is a related term, the minimum 
inhibitory concentration. Killing microbes 
tends to be logarithmic in response vs. con-
centration. EC50 and MIC50 are convenient 
ways of comparing the potency of different 

drugs. Success is also dependent on the time 
the infector is exposed to the drug. If we are 
not monitoring exposure over time in an indi-
vidual, we are guessing.

“It is more important to know what kind of 
a patient the disease has, than to know what 
kind of a disease the patient has.” The literal 
origin of these popular words is not clear, 
although the meaning goes back to physi-
cian Claudius Galen (130-210 CE). COVID-
19 exemplifies this old saw very well, being 
horrible in some of the patients some of the 
time but not all patients all the time. Can-
cer also fits very well. Every day in oncology 
clinics we are infusing drugs into very sick 
people with no measure of exposure at all. 
There is potential here for saving lives. To say 
“It’s impossible” is wrong. The better way is 
to say: “Let’s go”—and see what is needed to 
help some of those patients some of the time. 

There is potential for better tying clinical 
practice to clinical trials. It may well help to 
make measurements of drug concentration 
vs. time. This is becoming feasible for hos-
pitalized patients. In the remdesivir trials 
referenced above, blood samples were taken 
very sparsely for the purpose of determining 
drug concentration. Those samples likely 
ended up frozen and were not looked at for 
weeks. We thus can’t know if the efficacy of 
the drug might have been improved by adjust-
ing the dose along the way. We can’t go back. 
Funding such a study in a new set of patients 
would be very costly. Will we get around to 
it? As this column has emphasized before, we 
haven’t yet gotten around to it. 100 mg for 
every patient? That’s nuts.

I use remdesivir only as an example from 
current events. There are hundreds of generic 
drugs from decades past where improved safe-
ty and efficacy are a few measurements away.

APPENDIX
What tools do we need to optimize expo-

sure for finicky drugs and bring the great 
leap to a soft landing?
1. Automated, time-stamped, no-blood-

waste serial phlebotomy.

2. Methods for drug monitoring that enable 
a rapid turnaround time for small sets of 
samples at known times post dose.

3. Mathematical modeling of pharmacoki-
netics based on clinical trials and clini-
cal experience over time but augmented 
with data for the individual patient.

4. Guidance to adjust the dose: In the form 
of clinical decision support that consid-
ers all relevant phenotypic and genotypic 
data as it becomes available.

Of these, the weakest link is currently 
number 2. Costs are too high for even a single 
measurement, but in many cases the costs of 
subsequent measurements are minimal once 
the validated method is launched. 

With mass spectrometry, the first mea-
surement is likely to cost 95 percent of the 
total, with the next five at 5 percent (to 
start a debate). The economics and speed 
improve when a series from a single patient 
are processed together. 

There is much work published on number 3 
for subpopulations. Several commercial firms 
provide software for modeling using sparse 
sampling from individual patients. With num-
ber 3 in hand, number 4 will be refined. 

Over time, other phenotype and genotype 
data will be integrated. The whole process can 
be done in 24 hours or less. The science and 
math are known; the logistics and financial 
incentives remain weak both for pharma and 
the in-vitro diagnostics industry. Once a drug 
is approved, optimizing performance with 
respect to dosing is not a priority, particu-
larly for pediatrics. The innovation engine of 
pharma moves over to the next experimental 
drug, orphaning the earlier progress. 

Clinical pharmacology gets less respect 
and less funding than it should. For many 
drugs, the best companion diagnostic is 
likely to be the drug concentration the 
patient is exposed to. n

Peter T. Kissinger is a professor emeritus at 
Purdue University, founder of BASi, chairman 
of Phlebotics, and director of both Prosolia 
and Tymora.



BY RANDALL C WILLIS

W H E N  T RY I N G  TO  C O N T E M P L AT E  
natural products research, the first imag-
es that may come to mind are possibly 
from the media: Sean Connery strid-
ing across his hut in the Amazonian 

rainforest to check the latest LC/MS data (a la the film 
Medicine Man) or video of a snorkeler hunting a tropical 
reef for a poisonous snail (from a source like National 
Geographic perhaps).

Wade through the pages of the Journal of Natural Prod-
ucts and you can be forgiven for assuming that efforts to 
convert environmental metabolites into medicines have 
never been stronger.

Yet, for many large pharmaceutical companies, the 
revolutionary discoveries like Selman Waksman and 
streptomycin are seen as moments of past glory. They 
are events to be commemorated, as with the 2015 Nobel 
Prize for Medicine for the discovery of the anti-malarials 
avermectins and artemisinin as wonderful serendipities.

“The great discoveries of the past were made come-by-
chance or by happenstance,” concurs Nathan Magarvey, 
McMaster University researcher and Adapsyn Bioscience 
founder. “They didn’t occur in any kind of directedness.”

“There’s a beauty in that, there’s a serendipity in it,” he 
continues. “But it does not lend itself to a clean-headed 
think about what to do and when and how.”

Risk averse
“Natural product drug discovery is a highly risky business 
venture,” explains Russell Kerr, University of PEI 
researcher and founder of Nautilus Biosciences. “It’s also a 
highly important venture.”

“There are many, many success stories, but given the risk 
involved in getting a drug lead through this very lengthy, very 
expensive process, Big Pharma is shying away from engaging 
in the early steps of drug discovery,” he adds.

For Andy Haigh, Adapsyn CEO, it comes down to the 
notion of productivity.

“You can get a hit,” he explains. “Then you have to 
deconvolute it. Spend months working on things only to say, 
hey, I’ve discovered this thing and it’s been seen before or 
it’s not that interesting or the chemistry is not that good or 
it’s not drug-like.”

Despite the diversity of secondary metabolites that could 
be probed, he continues, only a small proportion have the 
potential to be developed as drugs.

“And at the same time, you saw combinatorial chemistry 
and DNA-encoded libraries [DELs] and all these other things, 
which were that much more predictable or easier to work 
with,” Haigh recalls.

By the 1990s, industry had grown weary of rediscovering 
the same molecules over and over, whether that was due to the 
metabolite being the most highly expressed or its bioactivity 
overwhelming signals from less active constituents.

Where was the chemical diversity that everyone 
had been promised?
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“Major pharmaceutical companies 
diminished or even terminated their [natural 
products] programs and shifted their focus to 
target-based drug discovery, which relies on 
HTS [high-throughput screening] of synthetic 
chemical libraries,” explained Wayne State 
University’s Ping Dou and colleagues in a 2019 
editorial. “Unlike phenotype screens, target-
based approaches are based on the validated 
understanding of the interaction of tested 
compounds with the designated targets and thus 
are considered to have higher hitting rates ... 
Unfortunately, this strategic shift correlated with 
the overall reduction in novel lead compounds 
in the drug development pipeline and the 
substantial decline in new drug approval.”

Not everyone has given up on the natural 
product space, however. New technologies 
and approaches are allowing researchers to 
tap deeper into the elusive chemical diversity, 
offering a glimmer of a new generation of 
transformative discovery.

“We’re not trying to reinvent the modality 
of natural product, but we’re trying to really 
improve the discovery process by looking at 
capturing all the biosynthetic diversity out of the 
environment,” says Brad Hover, vice president of 
Discovery Research and Platform Technology at 
Lodo Therapeutics. “And then also improve the 
production process by looking at things such as 
the tractability for both discovery and the scale-
up of those molecules.”

Old school, new effort
Rather than reinvent the harvest-extract-
analyze wheel, some researchers like Barry 
O’Keefe and colleagues at the National 
Cancer Institute (NCI) and Leidos Biomedi-
cal Research are focused on finding ways 
to improve the wheel.

As they explained, the NCI Program for 
Natural Product Discovery (NPNPD) has a 
mandate to facilitate sample prefractionation 
and develop integrated resources for rapid 
isolation and structure identification of 
biologically active natural products. In 
early 2020, they described an automated 
fractionation process using solid-phase 
extraction followed by HPLC.

“In an HTS context, this workflow is able 
to process 500 primary hits and provide in 
excess of 10,000 wells containing dried-down 
pure and semi-purified compounds back to 
the screening lab in a two-week window at 
a quantity that yields a sufficient amount of 
subfractions for multiple secondary assays,” 
the authors highlighted.

The researchers then analyzed active wells 
with a combination of NMR, LC/MS, and FTIR, 
comparing the spectroscopic and spectrometric 
data against in-house and commercial databases 
to identify the biologically active components 
and permit dereplication of known compounds.

“Using this approach on all of the hits, we 
found that most subfractions contained pure 
or semi-purified compounds in quantities that 
enabled collection of high-quality analytical 
data and subsequent rapid dereplication of 
known compounds,” the researchers noted. 
“In total, we dereplicated the structures of 28 
known biologically active natural products as 
well as identified subfractions that contained 
new natural products.”

They were also able to identify and isolate 
moderately active compounds that might have 
been missed in crude extracts or whose activity 
might be masked by more active components.

In other ways, natural products research 
is evolving with the convergence of newer 

technologies that are allowing researchers to 
explore new questions.

“The metabolomics field has really made 
a very important contribution to the natural 
products drug discovery process,” says Kerr.

After putting fermentation extracts 
through an initial biological screen, whether 
for desired activity or off-target toxicity, he 
says, his lab routinely performs a metabolo-
mic screen to determine which of the extracts 
contain molecules with known activity. The 
goal is to fail those samples rapidly.

“In my academic lab or any early screening 
lab, we can run this LC/MS, dump the data 
into a database and filter out the stuff that 
we believe has known chemistry, and thereby 
focus efforts on the fractions that appear to 
have new chemistry,” he explains.

And combining uHPLC with high-resolu-
tion mass spectrometry (HRMS) has allowed 
this work to proceed on an unprecedented 
scale. Where a typical HPLC run might take 
30 to 45 minutes, he says, uHPLC has shorted 
that cycle time to five or six minutes.

“If you’re thinking one or two samples, 
that’s not a big deal,” Kerr presses. “But 
when a lab is screening hundreds or thou-
sands of extracts, you can multiply 1,000 
times five minutes, and that’s manageable. 
When we’ve got 1,000 samples times 45 min-
utes, you can’t do it.”

This throughput is essential for Kerr as he 
explores samples from marine environments.

“The marine environment is really exciting 
to anybody interested in natural products 
for two reasons,” he enthuses. “One, there’s 
much greater biodiversity in our oceans than 
on land, whether we’re looking at the macro-
organisms—sponges, tunicates, corals—or 
most of us now are working with microbes, 
perhaps from these invertebrates.”

Secondly, the oceans have been less 
explored than land habitats.

“The vast majority of the marine natural 
products work has come from zero to 30 meters,” 
he adds. “I’ve been on some submersible dives 
going into 2,000 feet, but that’s very expensive, 
it’s slow, and it’s not particularly productive.”

Expanding the biodiversity into which 
we tap is critical, as the greater the 
biodiversity in one’s collection of genetic 
resources, the greater the chances of 
finding new chemistry.

And greater exposure to these resources 
is changing how we understand them, Kerr 
continues, pointing to sponges as an example.

“Sponges have traditionally been the most 
prolific resource for natural product discov-
ery,” he explains. “What we’ve learned in 
the last 10 to 20 years, however, is that the 
sponges aren’t the chemists.

“Sponges are these really unique habitats 
for very complex microbial assemblages. And 
it’s these microbes within sponges—same 
goes for corals, tunicates, and other marine 
invertebrates—that are the real chemists.”

But just as metabolomics methodologies 
are improving because of advances in 
uHPLC and HRMS, microbe-based natural 
products research can still be hamstrung by 
an old nemesis: culturing the unculturable.

Kerr and others describe this challenge 
as the great plate count anomaly.

“Look under the microscope,” he says. 
“You can see thousands of microbes. But 
when you try to culture them, you can cul-
ture maybe 1 percent of what’s there.”

Growing pains
Recognizing the importance of the 
environmental factors to microbial growth, 
Kerr and colleagues developed the ichip or 
isolation chip, whereby a solution of bacteria 
isolated from homogenized sponge, for 
example, is suspended in agarose and applied 
to a small plastic plate in which 100 holes 
serve as isolation chambers.

“The idea was there should be on average 
one bacterium per hole in that plate,” Kerr 
explains. “And on each side of that plate, we put 
membranes of porosity such that bacteria can’t 
travel back and forth, but the molecules can.”

The plates are then incubated in the sponges 
to provide the bacteria with the chemical 
signals that the researchers do not yet 
comprehend and cannot replicate in the lab.

“The hope is that for bacteria that wouldn’t 
grow in a Petri dish, that single cell in the little 
hole in the plastic plate will become 105, 
106,” he continues, adding that these larger 
colonies can then be harvested as starter 
cultures back in the lab.

In 2019, Kerr and his colleagues described 
one such effort that led to the discovery of 
several new bacterial species, including one 
that produced a novel tyrosine derivative with 
gram-positive antibacterial activity.

One of the drawbacks to the ichip, 
however, is that although the microbes can 
sense their chemical environments, they 
cannot sense each other.

To address this, the researchers developed 
the microbial domestication (MD) pod, 
whereby single bacteria are encapsulated 
in agarose microbeads and then cultured 
together in their native environment. The goal 
was to recapitulate the entirety of the natural 
signaling experiences.

“It’s a great collaboration between my own 
lab and Ali Ahmadi, who’s a bioengineer at 
the University of PEI,” Kerr remarks. “He has 
3D printing and microfluidics technology to 
be able to establish little miniature beads with 
one bacterial cell, put them back in a device 
containing 1,000 or so beads, and then put 
that back into the environment.”

Kerr, Ahmadi and colleagues described 
the initial design and characterization 
of  MD pods this past  November, 
enthusiastically anticipating but not yet 
demonstrating novel chemistries.

Beyond simply improving microbial 
growth, however, such bacterial co-cultures 
may also become important to exploring the 
full biochemical repertoire of these organisms, 
as many microbial biosynthetic gene clusters 
(BGCs) remain silent until activated.
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Under the C… and T, A, G. Initial efforts at Nautilus Biosciences focused on pseudopterocins, 
molecules derived from bacteria found in octocorals, which have shown significant anti-
inflammatory properties, including in-vitro efficacy vs. different cancers.

C
R

E
D

IT
: R

U
S

S
E

LL
 K

E
R

R

“Natural product drug 
discovery is a highly risky 
business venture. It’s also 
a highly important venture. 
There are many, many 
success stories, but given 
the risk involved in getting 
a drug lead through this 
very lengthy, very 
expensive process, Big 
Pharma is shying away 
from engaging in the early 
steps of drug discovery.” 
Russell Kerr, founder of  
Nautilus Biosciences
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“A Streptomyces will have the 
genetic ability to biosynthesize, say, 
25 natural products,” Kerr explains, 
“but when we use our standard fer-
mentation conditions, that organ-
ism will produce two or three.”

He continues that 85 percent 
of our antibiotics and many other 
drugs originated from bacterial or 
fungal sources and yet this might 
only represent 10 percent of avail-
able species. What is possible if that 
number could be doubled or tripled?

“Any bacterium living in any 
habitat is not living in axenic 
culture,” Kerr suggests.

Rather, it is living among 
thousands of other microbes, and in 
the case of marine microbes, may be 
exposed to host factors produced by 
the sponge or coral.

“We don’t understand these 
environments very well, and that’s 
likely in large part responsible for 
our inability to turn on these silent or 
cryptic gene clusters,” he continues.

For this reason, Kerr and many 
others have turned to microbial 
co-culture where a “producer” 
bacterium is challenged by an 
“inducer” bacterium. As in the wild, 
it is hoped the producer could then 
generate chemistries to ward off or 
respond to the inducer.

In metabolomics studies, Kerr’s 
lab is incrementally examining 
microbial pairs to see what 
pathways are activated.

Here again, however, culturing can 
be a challenge as it can be difficult to 
identify growth conditions that are 
optimal for both paired microbes. To 
address this, Kerr has used heat-killed 
inducers such that researchers only 
need to optimize growth conditions 
for the producer strain.

Last June, they compared the two 
strategies for cryptic BGC expression, 
finding that both methods 
demonstrated good reproducibility 
and produced different metabolic 
profiles from each other.

“The ability of each co-culture 
method to aid in the discovery 
of new natural products was 
validated by isolation and structural 
characterization of two new 
natural products, N-carbamoyl-2-
hydroxy-3-methoxybenzamide and 
carbazoquinocin G,” the authors 
wrote, further suggesting that the 
heat-killing and more traditional 
co-culture approaches should be 
viewed as complementary.

Before coming to Canada, Kerr 
founded a center of excellence 
in marine biotechnology while 
at Florida Atlantic University. 
This work eventually led to the 
founding of Nautilus Biosciences, 
which has also since moved to the 
University of PEI campus.

The company’s initial focus 
centered on pseudopterocins, 
molecules derived from bacteria 
found in octocorals, which have 
shown significant anti-inflammatory 
properties. In vitro, these molecules 
have shown efficacy versus both 
triple-negative breast cancer and 
pancreatic ductal carcinoma, 

acting as a glucocorticoid receptor-
alpha agonist to inhibit tumor cell 
proliferation and invasion.

More recently, the company and 
collaborators described the isola-
tion and identification of the novel 
polyketide/non-ribosomal peptide 
levesquamide from a Streptomy-
ces strain. The compound showed 
strong antimicrobial activity against 
Mycobacterium tuberculosis, including 
drug-resistant strains, but showed no 
cytotoxicity against Vero cells, sug-
gesting its therapeutic potential.

“Nautilus was set up in PEI 
with the idea of moving away 
from focusing on one family of 
natural products to try to build 
a very exciting library or col-
lection of bacteria from rarely 
studied habitats such as octo-
corals,” Kerr recalls.

The activity led to collaboration 
with and ultimately acquisition by 
Croda, a multinational chemical 
company better known in pharma 
for excipients rather than active 
pharmaceutical ingredients.

“Working with them, our library 
grew from maybe a few hundred 
interesting bacteria to several 
thousand bacteria and fungi,” Kerr 
adds. “So, we now have a very sub-
stantial, very well characterized, 
novel marine microbial library.”

Croda has also invested heavily 
in the screening infrastructure at 
Nautilus, accelerating and deep-
ening their discovery efforts. But 
just as importantly, Kerr stress-
es, is Croda’s sense of corporate 
social responsibility.

“I just set up revenue sharing 
agreements with governments 
in developing countries and 
parts of Canada,” he says, offer-
ing the example of an agreement 
with Nunavut Tunngavik.

“Croda absolutely insists that 
there is such an agreement in 
place so that when something 
is commercialized for one of 
the Nautilus microbes, a small 
amount of money goes back to 
the people of Nunavut,” he shares.

MINING CONTINUED ON PAGE 8
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Whereas Kerr has augmented “old school” 
natural products research with newer tech-
nologies, other groups are moving microbial 
fermentation further down the development 
pipeline. Instead, they look to leverage other 
omics approaches and artificial intelligence to 
optimize novel chemistry discovery.

Adding omics
For companies like Lodo Therapeutics and 
Adapsyn Bioscience, the first steps in natural 
product research aren’t culturing microbes 
and identifying biological activity but rather 
sequencing microbes and identifying BGCs.

“The issue here is, how do we reinvent 
the process of discovering those molecules?” 
explains Lodo CEO Dale Pfost. “We do so 
with the advent of the tools of the trade: high-
throughput sequencing, molecular biology 
breakthroughs, synthetic biology.”

Based on work from Rockefeller University 
scientist and company co-founder Sean 
Brady, Lodo’s platform uses metagenomics 
and bioinformatics to screen the DNA of 
environmental microbes for interesting and 
novel BGCs, based on homology to existing 
clusters and their natural products. The approach 
allows them to build a phylogenetic tree of 
related clusters in other organisms, offering a 
diversity of analogues to the original product.

In a 2016 review, Brady, Micah Katz, and Brad 
Hover offered two ways in which this phyloge-
netic organization could provide insights.

“Congeners of characterized natural products 
can be mined by pursuing gene clusters associated 
with NPSTs [natural product sequence tags] that 
group closely with the biosynthetic domains 
encoding for known natural products,” the 
authors wrote. “Conversely, potentially novel 
natural products can be pursued by focusing on 
gene clusters associated with NPSTs that do not 
group closely with any previously characterized 
sequences in these families.”

As Pfost explains, however, this effort 
to identify analogue diversity may prompt 
questions of how this is different from 
combinatorial chemistry.

“Maybe it’s analogous,” he responds, “but 
here’s the big difference: That combinatorial 
chemistry library didn’t have any assurances of 
biological relevance.”

“In this case, when you have a family of 
related close cousin bacteria that are producing 
slightly different molecules, 100 percent of them 
are biologically relevant,” he continues. “Those 
bugs aren’t making those molecules for nothing.”

Lodo’s chief scientific officer and senior vice 
president, Steve Colletti, takes the sentiment 
one step further, suggesting that the chemical 
structures produced by nature are inconceivable 
to medicinal chemists.

“These synthetic libraries essentially try 
to model or copy those attributes of natural 
product chemical space, and it comes up 
short,” he says. “All you hear about is these 
big numbers, and in those big numbers, what 
you get is big redundancy.”

Reduced costs of sequencing and increased 
throughput have been vital to the develop-
ment of robust predictive tools, says Hover.

“Some of our generalized machine learning 
tools, the kind that predict chemotypes, are 
only enabled recently because of the advance-
ments in the sequencing, because we have 
more data to train on,” he explains. “And 
that’s been huge for us.”

Because many of these BGCs run 40 to 140 
kb in length, advances in long-read sequenc-
ing have been vital to the Lodo process, 

adds Colletti, pointing specifically to Oxford 
Nanopore technology.

BGC size has also proven challeng-
ing when the company tries to move the 
BGCs to other bacterial hosts for heterolo-
gous gene expression.

To clone the BGC, Lodo and several other 
groups have developed methods to initially 
isolate smaller overlapping BGC fragments 
that they reassemble in yeast to form bacterial 
artificial chromosomes (BACs). Once reas-
sembled, the BGC-encoding BACs are then 
transferred into host bacteria, optimized 
for BAC replication, heterologous expres-
sion and culture growth.

Simply transferring a BGC from one 
organism to another may not be sufficient 
for expression, however. As noted earlier, 
BGCs can be silent or cryptic, and depend-
ing on the source, may have significantly 
different regulatory machinery.

“Now that we have more understanding 
of the gene cluster and the various differ-
ent regulators in there, we sort of under-
stand more about what promoters need to 
get dropped in to switch on a silent gene 
cluster,” Hover responds. “You can do it 
even in a native system, as well, where you 
go through and figure how to turn on these 
silencing clusters.”

In 2018, Hover and colleagues at Rock-
efeller University and Rutgers University 
applied this process to the isolation and 
heterologous expression of soil bacte-
ria BGCs for a distinct class of antibiot-
ics called malacidins.

The 10-membered cyclic lipopeptides 
showed antibacterial activity against 
MRSA as well as other multidrug-resistant 
microbes and sterilized MRSA-infected 
wounds in a rat model. Also, unlike many 
other antibiotics, the malacidins did not 
appear to select for resistance in vitro.

More recently, Northwestern University’s 
Neil Kelleher and colleagues used a similar 
approach but with fungi, developing fungal 
artificial chromosomes to identify, clone, 
and express a BGC from Aspergillus ter-
reus that generated terreazepine. Although 
they didn’t describe the biological activity 

of this secondary metabolite, the authors 
highlighted novelty in its biosynthesis and 
saw this as a proof of concept for new areas 
of natural product exploration.

Being able to readily access these novel 
BGCs and metabolites doesn’t mean, how-
ever, that Lodo is going to create a vast 
library of compounds.

“We’re trying to focus it around the pre-
dictions and the targets that we want to 
pursue,” says Hover.

Key to this predictive capacity will be the 
further expansion of the company’s in-silico 
activities. This push was the impetus behind 
Lodo’s recent acquisition of Conifer Point.

Conifer, and its predecessor BioLeap, spe-
cialize in using cheminformatics and structural 
biology to develop molecular models and auto-
mating the docking of thousands of compounds 
in silico, identifying optimal binding partners.

“The addition of Conifer Point’s technology 
allows de-novo discovery starting from a disease 

target of interest, rather than a known drug 
scaffold,” Pfost explained in announcing the 
acquisition. “This makes it possible for Lodo to 
discover, enrich, and prioritize large numbers 
of biologically and pathway-relevant molecules 
addressing hard-to-drug disease targets in silico, 
with unprecedented gains in predictive power 
and significantly enhanced efficiency.”

Even more recently, Lodo acquired Hibiskus 
BioPharma and signed licensing agreements 
with UC, Riverside and Michigan State Uni-
versity for the preclinical proteasome inhibitor 
TIR-199 (now LODO-141), a member of the 
syrbactin natural product family. Aside from 
pursuing the lead itself, which has shown effi-
cacy against a variety of cancer cell lines as well 
as hollow fiber and mouse xenograft models, 
Lodo will also search for analogues using 
its BGC methodology.

“We also have another internal project in the 
Wnt pathway that essentially started in Lodo,” 
adds Colletti, highlighting a second program 
versus solid tumors.

He also notes partnerships with Genentech to 
develop gram-negative antibacterials and with 
the Gates Foundation targeting tuberculosis.

Predictably novel
Also working heavily on the predictions side of 
natural products and BGCs is Adapsyn, built 
largely on the work of Nathan Magarvey.

“I was very interested in how to embrace 
natural products in a modern way,” Magarvey 
recalls. “Started off thinking about it as a micro-
bial genomics exercise, which is what the field 
has mostly tagged along with, and then worked 
with [Harvard University’s] Chris Walsh, who’s 
sort of the godfather of natural product biosyn-
thesis and the enzymology of this.”

As his work continued, Magarvey realized 
that it wasn’t going to be enough to understand 
the genome side of things, but that you would 
also need to be able to predict the molecules 
that resulted from these biosynthetic pathways.

“[That] prediction process is not an easy 
thing because you have to catalogue all the 
enzymes, you have to relate those enzymes into 
reactions, you have to manifest those reactions 
in some process,” he explains. “And you have to 
relate those predicted products to all the things 
that have been found in the past.”

That early work garnered attention 
from a Big Pharma player, leading to Ada-
psyn’s launch in 2016.

“The company was originally set up based 
on inbound interests from Pfizer in work that 
was coming out of Nathan’s lab,” explains Andy 
Haigh, company CEO. “They had a strain col-
lection, which is now at Scripps, and the idea 
fundamentally was to profile a number of those 
strains and figure out if those strains are indeed 
producing novel chemistry.”

When starting with genomes, as opposed 
to extracts, the company focuses on 
unusual or novel BGCs.

“We generally try to work with bacterial 
strains that have more than one novel gene 
cluster, because if we’re going to go through 
all the effort of fermenting them and pulling 
the compounds, we’d rather get more than one 
per unit effort,” Haigh continues.

Equally important, though, is the effort to 
generate structure predictions based on those 
genomes, giving the company a sense of the 
“drug-likeness” of the resulting metabolite(s).

These efforts are exemplified by two recent-
ly described analytical platforms that combine 
bioinformatics and machine learning with 
sequencing and biophysical characterization.

As Magarvey and colleagues explained in 
2019, DeepRiPP is an automated platform to 

“The marine environment is really exciting to anybody interested in natural products 
... [one reason is] much greater biodiversity in our oceans than on land, whether 
we’re looking at the macro-organisms—sponges, tunicates, corals—[or] microbes, 
perhaps from these invertebrates,” notes Russell Kerr of the University of PEI and 
Nautilus Biosciences.

C
R

E
D

IT
: C

O
U

R
T

E
S

Y
 O

F 
R

U
S

S
E

LL
 K

E
R

R

MINING
CONTINUED FROM PAGE 7

“We’re not trying to 
reinvent the modality of 
natural product, but we’re 
trying to really improve the 
discovery process by 
looking at capturing all the 
biosynthetic diversity out 
of the environment. And 
then also improve the 
production process by 
looking at things such as 
the tractability for both 
discovery and the scale-up 
of those molecules.” 
- Brad Hover, a vice president at 
Lodo Therapeutics
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discover novel ribosomally synthesized and 
post-translationally modified peptides (RiPPs), 
which offer significant chemical diversity but 
present unique analytical challenges.

Unlike the BGCs described earlier, the 
pathway to produce RiPPs does not always 
involve chromosomally adjacent genes. Thus, 
the researchers developed a two-stage deep-
learning module that first searched genomes 
for possible RiPP precursor peptides and then 
predicted their likely cleavage patterns. They 
then used a local alignment algorithm to derep-
licate the potential RiPPs, prioritizing only 
those that suggested novel chemistries.

The final step involved parsing metabolomic 
data from crude extracts to match genomically 
encoded RiPPs with MS peaks for subsequent 
purification and structure elucidation. When 
validated against 20 bacterial strains predicted 
to contain RiPP precursors, DeepRiPP was able 
to identify three novel molecules, two of which 
were purified and shown to have structures 
identical to those predicted by the platform.

PRISM 4, meanwhile, predicts both 
structure and biological activity of second-
ary metabolites based solely on micro-
bial genome sequences.

“Although it is now straightforward to iden-
tify clusters of genes responsible for secondary 
metabolite biosynthesis, translating between 
genome sequence and the complete chemical 
structures of the natural antibiotics encoded 
therein represents a key challenge, and one 
that has taken on an increasing importance 
in an era of growing global antibiotic resis-
tance,” the authors wrote. “PRISM 4 repre-
sents the most comprehensive effort to address 
this challenge to date.”

Against a set of 1,281 known BGCs, PRISM 
4 was able to identify 1,230 (96 percent) and 

generated at least one chemical structure for 
1,157 (94 percent) of those BGCs. Furthermore, 
in a collection of 3,759 dereplicated complete 
bacterial genomes, PRISM 4 identified 22,446 
BGCs and at least one predicted structure for 
7,404, including “metabolites such as β-lactams, 
alkaloids, phosphonates, cyclodipeptides, bisin-
doles, and aminoglycosides.”

The researchers then tested whether the 
platform could help evaluate what specific bio-
logical activity the predicted metabolites might 
have. To do this, they curated bioactivity data 
from 1,281 BGCs in the literature and trained 
support vector machines to predict the prob-
abilities that any given BGC product would have 
antibacterial, antifungal, antiviral, antitumor, or 
immunomodulatory activity.

Using this trained quantitative predicted 
structure-activity relationship (QPSAR) model 
on a set of 10,000 complete or metagenome-
assembled genomes, “PRISM 4 identified 1,589 
BGCs producing antibacterial compounds, 331 
antiviral BGCs, 289 immunomodulatory BGCs, 
272 antifungal BGCs, and 248 antitumor BGCs, 
in addition to a further 1,055 BGCs with more 
than one predicted biological activity.”

Given its design, the researchers were quick 
to recognize two key limitations of PRISM 
4: it cannot identify BGCs from undescribed 
families nor products of novel enzymatic 
activities, and its utility is currently limited to 
prokaryotic organisms.

Magarvey and Adapsyn have made both Dee-
pRiPP (http://deepripp.magarveylab.ca/) and 
PRISM 4 (https://prism.adapsyn.com/) freely 
available to researchers.

“We can do machine learning to predict what 
structural patterns mean, in terms of activity,” 
says Magarvey. “So, you can build this whole 
compendium of information that really 

further sharpens the pencil of the researcher 
toward getting at the compounds that will 
matter. At least the new ones, quickly.”

Thus, rather than clone clusters, Adapsyn 
has the multi-omics that allow the interroga-
tion of organisms as they are, as they make 
the natural product.

This latter point is important to Haigh.
“I know that there are groups out there 

that make the argument that you need to 
do heterologous gene expression to access 
silent gene clusters and all of that stuff,” he 
says. “We don’t necessarily subscribe to that 
notion because we see a lot of novel chemistry 
in the native producers.”

“Heterologous gene expression is poten-
tially a really powerful technology, and there’s 
certainly a place for it,” he continues. “But to 
a large extent, you end up potentially swap-
ping out one inefficient process for another 
inefficient process.”

Instead, Adapsyn ferments the native 
producers at milliliter-scale, giving them 
enough starting material to confirm the pres-
ence of the predicted metabolite and to start 
the biological assays.

“Because we know where it is, because 
we have the size, we can isolate it,” Haigh 
explains. “We can put it into a plate, we can 
get it relatively pure early on, and then we 
can start to do biological activity assays that 
ultimately guide what we do downstream.”

“We’ve done some pretty comprehensive 
phenotypic screening that allows us to start 
bucketing compounds based on toxicity, based 
on potential indication, and we can do all of 
that stuff before we’ve actually scaled up and 
solved the structure,” he continues.

The ability to screen early in the process has 
dramatically improved the team’s productivity, 

he says, allowing them to access and screen 
more than 1,000 novel compounds in a year.

Only once they are confident they have 
something interesting does the team scale 
up to larger cultures to give them enough 
material to solve the metabolite’s structure 
using LC/MS and NMR, as well as continue 
to test it using orthogonal assays.

“I will say, when we call something novel 
up front and then go solve it downstream, 
we’re correct 96, 97 percent of the time,” 
Haigh offers, adding, “We can typically go 
from a genomic or metabolomic analysis and 
prioritization on the front end to a solved 
structure in six weeks, and most of the time 
in there is fermentation or chemistry time.”

Magar vey  i s  exc i ted  about  the 
opportunities ahead.

“We’re breaking free from the normal 
organisms that we’ve said are important,” 
he enthuses. “We’re looking at everything 
with these tools and predicting the molecules 
from all those different sources. Even with 
those organisms we studied well, we can put 
the novel compounds in wells.”

From Haigh’s perspective, there is an irony 
that new technologies are not so much rein-
venting the wheel as reimagining it.

“Weirdly enough, we are using really 
modern technology to facilitate a really old 
version of drug discovery,” he says. “You’re 
talking about a 50-year-old process of taking 
a bug, growing it out, doing bioactivity-based 
fractionation and all that stuff. We are essen-
tially revisiting that but using very modern 
computational tools to essentially make it as 
productive as it used to be in the past.

“That’s I think where we want to 
go, and I think collectively where the 
field wants to go.” n

Digging in the dirt. Although Lodo Therapeutics can isolate microbial DNA from a variety of sources, it finds soil to be the richest source of microbes, offering broad metagenomic diversity that 
is relatively easily accessible. From left to right are Steve Colletti, Dale Pfost, and Brad Hover.
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New vaccines arrive with swiftness and promise
RALLYING AGAINST THE pandemic

BY JEFFREY BOULEY

W HILE WE HAVE YET TO SEE APPROVED  
vaccines against the SARS-CoV-2 virus 
that causes COVID-19, the needle has 
definitely moved in a positive direction in 
the fight against the pandemic, with Emer-

gency Use Authorization (EUA) granted by the US FDA for 
Moderna’s COVID-19 vaccine (mRNA-1273) and Pfizer’s and 
BioNTech’s COVID-19 vaccine (BNT162b2) since December. 

Other countries and the European Union (EU) have made 
similar moves to authorize use of these products, and other 
vaccines are preparing to enter the fray as well, including Rus-
sia’s Sputnik V vaccine, for which Mexico is now considering 
fast-track authorization.

Among the companies vying to join Pfizer, BioN-
Tech, and Moderna are OSE Immunotherapeutics, Arc-
turus, and AstraZeneca.

First out of the gate: Two mRNA approaches
Pfizer and BioNTech certainly started the buzz around break-
throughs in immunizing people against COVID when the part-
ners announced in early November that BNT162b2 was more 

than 90-percent effective at seven days following the second 
dose of the vaccine, based on preliminary results from a late-
stage clinical trial.

This certainly beat expectations for the scientific and health-
care community, as White House coronavirus advisor Dr. Antho-
ny Fauci had said that even 50- or 60-percent effectiveness would 
be acceptable, and many scientists and public health officials 
were hoping for at least 75-percent effectiveness.

The clinical data submitted by the companies for emergency 
use authorizations demonstrated a vaccine efficacy rate of nearly 
95 percent in the companies’ Phase 3 clinical study in partici-
pants without prior SARS-CoV-2 infection (the first primary 
objective) and also in participants with and without prior SARS-
CoV-2 infection (the second primary objective), in each case 
measured from seven days after the second dose. 

According to the companies, efficacy was consistent across 
age, gender, race, and ethnicity demographics, with an observed 
efficacy in adults age 65 and over of more than 94 percent.

“While the data details are not clear at this time, there is no 
way not to celebrate this as a monumental achievement and 
a great first step forward towards controlling this devastating 

pandemic,” said Edward Jones-López, an infectious diseases 
expert at the University of Southern California’s Keck School of 
Medicine and one of the investigators in the Operation Warp 
Speed vaccine clinical trials, at the time of the announcement. 
“If the [efficacy estimate] is corroborated, the efficacy of this 
vaccine will be among the highest when compared to other very 
successful vaccines.”

The ongoing research by Pfizer and BioNTech on their 
messenger RNA (mRNA)-based vaccine has buoyed even 
more excitement, with efficacy rates seeming to remain 
very high and adverse reactions low. In addition, on Jan. 8 
they announced results from an in-vitro study conducted 
by Pfizer and the University of Texas Medical Branch indi-
cating that the antibodies from people who had received 
the COVID-19 vaccine effectively neutralize SARS-CoV-2 
with a key mutation that is also found in two highly 
transmissible strains.

Moderna’s vaccine candidate, also mRNA-based, recently 
received approval from the United Kingdom’s Medicines 
and Healthcare products Regulatory Agency for temporary 

COVID CONTINUED ON PAGE 11

A variety of approaches are being taken for  
vaccines against SARS-CoV-2, including  
boosting of T cell responses in the body,  
using adenovirus-vectored approaches,  

and employing mRNA technologies.
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authorization, which followed similar 
actions on Moderna’s mRNA-1273 vaccine 
from the EU and Israel.

Moderna’s two-dose regimen given 28 
days apart reportedly has been well-toler-
ated as well, and it demonstrated vaccine 
efficacy of more than 94 percent against 
COVID-19. The vaccine encodes for a pre-
fusion-stabilized form of the Spike protein 
of the virus, which was co-developed by 
Moderna and investigators from the Vaccine 
Research Center at the National Institute of 
Allergy and Infectious Diseases of the US 
National Institutes of Health.

Aside from the potential to stem the tide 
of the pandemic, the work by these com-
panies could mean much for the develop-
ment of other mRNA-based vaccines. “As 
no mRNA vaccines had been approved for 
human use, these clinical trials have created 
optimism in this research space,” noted data 
and analytics company GlobalData.

Other approaches to  
the coronavirus
Arcturus Therapeutics’ ARCT-021 investiga-
tional vaccine for COVID-19 is also mRNA-
based, but that company has been angling 
for administration as a single injection rather 
than two, which would set it apart from the 
leading mRNA vaccine candidates if it shows 
sufficient efficacy.

Preclinical data for ARCT-021 have shown 
what the company calls “highly promising 
results” and a 100-percent seroconversion for 
neutralizing antibodies after a single admin-
istration using a low 2 µg dose. Neutralizing 
antibodies reportedly continued to increase 
for 60 days after dosing.

Arcturus began a Phase 1/2 study in late 
2020. In Phase 1, escalating doses were to be 
administered as a single injection to younger 
adults aged 21 to 55 years old. Based upon the 
safety, immunogenicity, and T cell response 
data from this group, dose regimens would 
be selected for further evaluation in Phase 2, 
which includes cohorts in younger adults and 
older adults aged 56 to 80 years old.

As noted by GlobalData, Arcturus’ single-
dose vaccine is reported to have demon-
strated both humoral and cellular immu-
nity to the vaccine antigen, at a relatively 
low dose level, “but it remains to be seen 
in future clinical trials whether the vaccine 
candidate can meet the high efficacy bar set 
by the frontrunners.” 

Added GlobalData pharma analyst Kes-
halini Sabaratnam: “A single-dose vaccine 
with less stringent storage requirements that 
could be manufactured cost-effectively would 
be easier to distribute in low- and middle-
income countries that cannot afford expen-
sive vaccines and lack cold-chain services.”

For its part, OSE Immunotherapeutics 
is studying CoVepiT, a vaccine based on 
optimized epitopes selected to induce a 
lasting sentinel T lymphocyte immune 
response against SARS-CoV-2.

As noted by OSE in a November update 
on its work, scientists have warned of new 
SARS-CoV-2 variants that bear mutation in 
some key targets of the virus, in particular 
the Spike protein and nucleoprotein. Based 
on new analyses of some 167,000 different 
virus sequences taken globally, the OSE bio-
informatics team said that it had confirmed 
that mutations did not emerge in the highly 
stable viral genome region of the 11 tar-
gets selected by OSE and that the CoVepiT 

COVID
CONTINUED FROM PAGE 10

vaccine continues to cover all initial and 
novel SARS-CoV-2 strains and variants.

“The identification of T memory immuno-
dominant epitopes, selected for their high 
potential for immunogenicity, is a major 
step to move into clinical testing early 2021,” 
said Nicolas Poirier, chief scientific officer of 
OSE Immunotherapeutics.

AstraZeneca, meanwhile, has taken an 
adenovirus-vectored approach, employing 
a modified version of a common cold virus 
that usually only spreads among chimpanzees 
to carry a gene from the novel coronavirus’ 
Spike protein that, theoretically, will allow 
the human body to better mount an immune 
response to fight off the COVID virus.

In November, the company reported that 
one dosing regimen showed vaccine efficacy 
of 90 percent when AZD1222 was given as 
a half dose, followed by a full dose at least 
one month apart, and another dosing regi-
men showed 62-percent efficacy when given 

as two full doses at least one month apart. The 
combined analysis from both dosing regimens 
resulted in an average efficacy of 70 percent. 
No serious safety events related to the vaccine 
had been confirmed, and AZD1222 was well 
tolerated across both dosing regimens.

While the overall efficacy doesn’t match 
what the two leading mRNA vaccines have 
achieved, AZD1222 does have an advantage 
in terms of storage.

“The storage conditions of mRNA vac-
cines are a critical issue, with Pfizer’s and 
Moderna’s vaccines requiring environments 
of -70°C and -20°C, respectively—although 
Moderna’s candidate is able to be stored 
at fridge and room temperatures for short 
periods of time,” noted GlobalData pharma 
analyst Mohamed Abukar. “These low-tem-
perature storage requirements increase the 
complexity of logistics, as there may not be 
enough low-temperature freezers available 
and shipping will require tracking using 

GPS-enabled thermal sensors to monitor the 
temperature of each shipment.”

But AZD1222 requires storage conditions 
between 2°C and 8°C, allowing for easier 
transportation and administration across 
a variety of settings. The vaccine has been 
approved for emergency use in the United 
Kingdom, India, and Mexico.

“Questions remain over the results 
obtained in the AZD1222 Phase 3 study, as 
the smaller second cohort presented with a 
superior efficacy of 90 perent compared with 
the 62 percent observed in the first group,” 
Abukar said. “However, the second group 
constitutes participants ages 55 and below, 
who may be less likely to become critically ill, 
which could allow for better efficacy results.”

The Sputnik V vaccine also takes the ade-
noviral vector-based platform approach. Glo-
balData notes that it has shown an efficacy 
of 95 percent in its Phase 3 trials, which is 

COVID CONTINUED ON PAGE 12

Although there is plenty of praise for the wide variety of promising COVID vaccine candidates right now, the almost-certain approval of some of 
them very soon raises concerns among some researchers and market-watchers that follow-up studies might not be carried out long enough to learn 
as much about the vaccines as we should—in terms of both efficacy and safety.
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Moderna announces three new mRNA-based 
infectious disease vaccines
CAMBRIDGE, Mass.—Biotech com-
pany Moderna Inc. isn’t just making 
news with a COVID-19 vaccine can-
didate but also three other potential 
vaccines based around its messenger 
RNA (mRNA) technology.

In January, the company announced 
that it is expanding its vaccine pipeline 
with three new development pro-
grams based on the clinical success 
of its infectious disease vaccine port-
folio to date and its experience with its 
COVID-19 vaccine. Those three new 
programs—all of them mRNA vaccine 
candidates—are against seasonal flu, 
HIV, and the Nipah virus (NiV). In 
conjunction with this, Moderna also 
announced an expansion of its respi-
ratory syncytial virus (RSV) vaccine 
program into older adults.

“The uniquely challenging year of 
2020 for all of society proved to be an 
extraordinary proof-of-concept period 
for Moderna,” said Stéphane Bancel, 

CEO of Moderna. “Even as we have 
shown that our mRNA-based vac-
cine can prevent COVID-19, this has 
encouraged us to pursue more ambi-
tious development programs within 
our prophylactic vaccines modality 
... seasonal flu, HIV and the Nipah 
virus, some of which have eluded 
traditional vaccine efforts, and all of 
which we believe can be addressed 
with our mRNA technology.”

Moderna currently has 24 mRNA 
development programs in its portfo-
lio, with 13 having entered the clinic. 
Highlights of the three new pro-
grams are as follows:

 ■ Flu vaccine (mRNA-1010, 
mRNA-1020, mRNA-1030): The com-
pany’s first-generation flu program 
will evaluate multiple candidates 
comprising multiple antigen com-
binations against the four seasonal 
viruses recommended by the World 

Researchers at Moderna are expanding their mRNA vaccine efforts by targeting flu, HIV, and the Nipah virus—and they 
are even considering combination vaccines against flu, SARS-CoV-2, respiratory syncytial virus, and human 
metapneumovirus.

equal to that of the mRNA vaccines 
and requires storage conditions of 
-18°C or lower, similar to that of 
the Moderna vaccine; however, 
further trials are ongoing testing 
a freeze-dried version that could 
be stored between 2°C and 8°C. 
As GlobalData points out, higher 
storage temperature could be a 
competitive edge for the distribu-
tion of these vaccines.

Ethical and scientific concerns 
However, while is heartening to 
see so many vaccines progress-
ing so well in such a short span 
of time compared to traditional 
efforts in this prophylactic arena, 
some in the scientific community 
have raised concerns.

“The trickiest issue is to deter-
mine how the Pfizer vaccine—
and other frontrunner candidates 
such as Moderna—results will 
affect the ethical and scientific 
integrity of the other ongoing 
vaccine studies,” noted USC’s 
Jones-López. “The ethical con-
struct that is at the heart of all 
of these vaccines is the concept 
of ‘equipoise,’ which is only appli-
cable if there are no vaccines 
that have been shown to be safe 
and effective, and available for 
the public to receive. 

“Once one or more of these 
vaccines are approved based 
on scientific data showing they 
are both effective and safe, it 
becomes ‘unethical’ to continue 
offering placebo or to withhold 
an active vaccine. This tension 
is likely to complicate several of 

the ongoing studies and poten-
tially threaten their scientific 
and ethical integrity.”

And while companies like 
Moderna have stressed that they 
plan to continue long-term stud-
ies of their vaccines no matter 
how soon approval might come—
and that could be very soon for 
both of the two frontrunner vac-
cines given the urgency of the 
pandemic—various voices are 
being raised to emphasize the 
need to do that throughout the 
vaccine research community.

The European Medicines 
Agency, for example, endorsed 

a statement by the International 
Coalition of Medicines Regula-
tory Authorities (ICMRA) that 
urges all stakeholders—including 
vaccines researchers and investi-
gators, academia, regulators, and 
the pharmaceutical industry—to 
continue COVID-19 vaccine tri-
als beyond the time when the 
pre-defined cases of COVID-19 
disease for final analysis in a 
trial have been reached. 

‘The work of ICMRA in streamlin-
ing regulatory requirements for vac-
cines through global cooperation has 
supported the rapid development 
of COVID-19 vaccines,” said Emer 

Cooke, chair of ICMRA and EMA’s 
executive director. “Vaccines will 
be a key component in overcom-
ing COVID-19, and we must ensure 
that robust and convincing evi-
dence is being generated to enable 
the continuous assessment of their 
benefits and risks.”

The full statement—which 
can be found at www.icmra.
info/drupal/covid-19/statement_
on_continuation_of_vaccine_
trials—states, in part:

“To determine that the benefit 
of a vaccine outweighs its potential 
risk, regulators need robust and 
convincing evidence of the safety 

and efficacy that is obtained from 
well-designed randomized and 
controlled trials. Initial positive 
evidence of the vaccine’s safety and 
efficacy used to support a regulato-
ry action may be based on planned 
interim or final analyses that occur 
when a pre-defined number of cases 
of COVID-19 disease have occurred 
in a clinical trial. In these situations, 
it will be of the utmost importance 
to continue gathering data about 
the vaccine safety and efficacy in 
the longer-term after the interim or 
final analysis is completed.

“Specifically, continued follow-
up of clinical trial participants after 
a regulatory decision has been made 
can provide important additional 
and more precise information on 
longer-term safety and efficacy 
against specific aspects of SARS-
CoV-2 disease or infection, includ-
ing efficacy against severe disease, 
efficacy in important subgroups, 
potential risks of vaccine-induced 
enhanced disease and whether 
protection against COVID-19 dis-
ease wanes over time.

“Thus, continued evaluation of 
the vaccinated and the unvacci-
nated (control subjects who do not 
receive a vaccine against COVID-
19) groups in clinical trials for 
as long as feasible will provide 
invaluable information. 

“For these reasons, investiga-
tors and sponsors should develop 
strategies to ensure continuation 
of follow-up of vaccinated and con-
trol groups for as long as possible 
after any regulatory approval that is 
based on planned analyses conduct-
ed while trials are still ongoing and 
after final analyses are completed.” ■

COVID
CONTINUED FROM PAGE 11

Messenger RNA (mRNA) approaches are dominating the COVID vaccine field right now, with both the Moderna and 
Pfizer-BioNTech vaccines—the two frontrunners for approval—employing mRNA platforms to fight the coronavirus.

MODERNA CONTINUED ON PAGE 13
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Boosting a vaccine designed to 
prevent melanoma recurrence

NEW YORK—A vaccine created 
to prevent the recurrence of the 
deadly skin cancer melanoma is 
about twice as effective when 
patients also receive two com-
ponents that boost the number 
and effectiveness of immune 
system cells called dendritic 
cells, according to Phase 2 clini-
cal trial results published in 
Nature Cancer in November.

These results are potentially 
important because most can-
cer vaccine trials have failed to 
show clinical efficacy. These 
results suggest that adding two 
immune-boosting components 
can boost the immune response 
for not only melanoma patients 
but possibly also others whose 
cancers express a protein called 
the vaccine antigen, which is 
common in some cancers.

Researchers at the Tisch Can-
cer Institute at the Icahn School 
of Medicine at Mount Sinai, 
working with colleagues at the 
National Cancer Institute-fund-
ed Cancer Immunotherapy Trials 
Network (CITN) based at the Fred 
Hutchinson Cancer Research 
Center, found that adding the 
small molecule Flt3L, which 
increases the number of dendritic 
cells, boosted the vaccine’s effec-
tiveness at producing antibodies 
and T cells that can later fight 
melanoma. Adding a second com-
ponent, called poly-ICLC, also 
strengthened the dendritic cells’ 

ability to promote antibodies as 
well as helper and killer T cells.

The vaccine is designed to tar-
get dendritic cells and is com-
posed of an antigen found in 
melanoma bound to an antibody 
to increase the chances of binding 
with dendritic cells.

Sixty patients who had stage 2 or 
3 melanoma, and whose cancer was 
successfully removed via surgery, 
received the vaccine. Half of the 
patients received the vaccine alone, 
while the other half received the 
vaccine with Flt3L and poly-ICLC.

The cocktail of the vaccine, Flt3L, 
and poly-ICLC nearly doubled the 
vaccine’s efficacy, according to 
analysis of the T cells detected 
in patients’ blood samples after 
they received four doses over four 
months. That immune response 
was seen significantly earlier in the 
patients who received the cocktail 
and at much higher levels in many 

more patients compared to those 
who received only the vaccine. 
Researchers found antibodies were 
still present in blood samples tested 
12 weeks after the last dose.

“This is the first randomized 
clinical trial to show that an 
immune response to a cancer 

vaccine can be potentiated by the 
addition of Flt3L,” said Dr. Nina 
Bhardwaj, director of the Immu-
notherapy Program at the Tisch 
Cancer Institute and first author 
and a corresponding author on the 
study. “The response was achieved 
because Flt3L mobilized dendritic 
cells, which are the gold standard 
in promoting cancer immunity, 
and improved the overall immu-
nogenicity of the vaccine. This 
may change the approach of 
increasing efficacy in other cancer 
vaccines in the future.”

Added Dr. Steven Fling, direc-
tor of the CITN Laboratory, a 

scientist at the Fred Hutchinson 
Cancer Research Center, and the 
study’s co-corresponding and 
senior author: “These positive 
results are significant not only 
for improving cancer vaccines, 
but also potentially for applica-
tion to other vaccine platforms, 
and we are extremely grateful 
and indebted to the patients 
whose unwavering participation 
made this demanding clinical 
protocol a success.”

These findings also provide 
a basis for adding checkpoint 
inhibitors, which have been suc-
cessful in treating metastatic 
melanoma, to vaccines in order 
to further increase the success in 
fending off melanoma recurrence. 
Researchers also plan to follow 
trial participants over time and 
measure how many have cancer 
recurrence to further study the 
vaccine’s efficacy in each group.

“Immunotherapy has already 
shown great promise for patients 
with metastatic melanoma who 
would normally have a difficult, 
sometimes grave, prognosis,” said 
Dr. Philip Friedlander, director 
of the Melanoma Medical Oncol-
ogy Program at the Tisch Can-
cer Institute at Mount Sinai and 
site investigator of the trial. “It’s 
important to work toward devel-
oping effective cancer vaccines 
that can prevent cancer on their 
own or in addition to the drugs 
already available.” ■

“This is the first randomized clinical trial to 
show that an immune response to a cancer 
vaccine can be potentiated by the addition 
of Flt3L ... This may change the approach of 
increasing efficacy in other cancer vaccines 
in the future.”
- Dr. Nina Bhardwaj, a director at the Tisch Cancer Institute

Health Organization. Mod-
erna expects to begin Phase 1 
clinical trials for the program 
in 2021. The company also 
plans to explore potential 
combination vaccines against 
flu, SARS-CoV-2, RSV, and 
human metapneumovirus. 

 ■ HIV vaccine (mRNA-
1644 & mRNA-1574): The 
mRNA-1644 vaccine involves 
a collaboration with the Inter-
national AIDS Vaccine Initia-
tive and the Bill and Melinda 
Gates Foundation and repre-
sents a novel approach to HIV 
vaccine strategy in humans, as 
it is designed to elicit broadly 
neutralizing HIV-1 anti-
bodies. A Phase 1 study for 
mRNA-1644 will use iterative 
human testing to validate the 
approach and antigens, and 
multiple novel antigens will 
be used for germline-targeting 
and immuno-focusing. A sec-
ond approach, mRNA-1574, is 
being evaluated in collabora-
tion with the National Insti-
tutes of Health (NIH) and 
includes multiple native-like 
trimer antigens. The company 
expects to begin Phase 1 clini-
cal trials for both mRNA-1644 
and mRNA-1574 in 2021.

 ■ Nipah virus vaccine 
(mRNA-1215): NiV is a zoo-
notic virus transmitted to 
humans from animals, con-
taminated food, or through 
direct human-to-human 
transmission that causes a 
range of illnesses, includ-
ing fatal encephalitis. Severe 
respiratory and neurologic 
complications of NiV have no 
treatment other than inten-
sive supportive care. This can-
didate was co-developed by 
Moderna and the NIH’s Vac-
cine Research Center.

Moderna’s pipeline is orga-
nized into six modalities based 
on similar mRNA technolo-
gies, delivery technologies, 
and manufacturing processes. 
The company’s approach is to 
leverage early programs within 
a modality to generate clinical 
data and insights that reduce 
the technology risk of subse-
quent programs and acceler-
ate the expansion of the pipe-
line in that modality. 

According to the company, 
positive Phase 1, 2, and 3 data 
from Moderna’s infectious 
disease vaccine portfolio and 
positive Phase 1 data from 
its chikungunya antibody 
program have de-risked its 
prophylactic vaccines and 
its systemic therapeutics 
and cell surface modalities, 
respectively. Beyond these 
core modalities, Moderna has 
four exploratory modalities in 
which it is actively pursuing 
clinical proof of concept. ■

MODERNA
CONTINUED FROM PAGE 12
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Opening the ‘Door’  
to a new partnership
SOUTH SAN FRANCISCO, Calif.—Assembly Biosci-
ences Inc. and Door Pharmaceuticals LLC have 
teamed up for two years in a collaboration and 
option agreement to develop a novel class of 
hepatitis B virus (HBV) core protein modulators. 
Door Pharmaceuticals will lead and conduct new 
discovery research, with Assembly Bio provid-
ing funding in the form of an upfront payment, 
success-based milestones, and royalties. Assem-
bly Bio will receive an exclusive option to license 
compounds that result from this collaboration and 
will handle continued development and commer-
cialization of the optioned compounds.

“We’re excited to build upon our current 
pipeline of HBV core inhibitors with additional 
contributions from a science-driven company 
that shares our passion and focus for bringing 
new treatment options to patients facing HBV,”  
said Dr. William Delaney, chief scientific officer 
of virology at Assembly Bio.

Five years to find some targets
SAN FRANCISCO—A five-year discovery collabo-
ration is underway between insitro and Bristol 
Myers Squibb with a target of discovering and 
developing novel therapies for amyotrophic lat-
eral sclerosis (ALS) and frontotemporal demen-
tia (FTD). Per the terms of the agreement, Bristol 
Myers Squibb will pay insitro $50 million up front 
plus potential milestones to an aggregate of more 
than $2 billion. For its part, insitro will apply its 
proprietary insitro Human platform to generate 
induced pluripotent stem cell-derived disease 
models for ALS and FTD and discover therapeutic 
targets. Bristol Myers has an option to select sev-
eral identified targets to develop, and will assume 
responsibility for clinical development, regulatory 
submissions, and commercialization activities.

PhoreMose, Oxford Biomedica 
ink cell therapy deal
CAMBRIDGE, UK & OXFORD, UK—PhoreMost Ltd. 
and Oxford Biomedica plc are moving forward 
with a discovery collaboration focused on the 
development of next-generation CAR-T cell 
therapies. The agreement will leverage Phore-
Most’s next-generation phenotypic screening 
platform SITESEEKER to identify active pep-
tides for Oxford Biomedica’s LentiVector gene 
therapy delivery system. The partners are aim-
ing for CAR-T therapies with improved efficacy 
and durability.

“This collaboration with Oxford Biomedica, a 
global pioneer in cell and gene therapies, is fur-
ther recognition of the power of SITESEEKER, 
offering an exciting opportunity to discover 
and accelerate the development of clinical-
stage products. The natural complementarity 
between SITESEEKER and LentiVector offers 
great promise for this and future collabora-
tions between the two companies,” remarked 
Dr. Chris Torrance, CEO of PhoreMost.

disease mechanisms
discovery+

Rekindling an old flame:  
Targeting tumors with bacteria
Bacteria have proven to be essential partners in everyday life, but can  
they also treat cancer?

BY NATHAN NI, PH.D.

I N MANY CASES, BACTERIA CAUSE 
diseases, not cure them. However, 
Tal Danino from Columbia Univer-
sity believes that bacteria may be the 
key to conquering cancer. He and his 

research team recently designed bacteria 
to deliver anticancer agents to the core of a 
tumor. Armed with a litany of modern tools 
and technologies, Danino sees an opportunity 
for expanding this approach to fight cancer. 

As far back as 2600 BCE and the royal 
court of ancient Egypt, physicians observed 
a relationship between bacterial infection 
and cancer progression. From a modern 
medical perspective, the first intentional 
inoculation of a cancer patient occurred in 
1863 when the German physician Wilhelm 
Busch infected a cancer patient with Strepto-
coccus pyogenes and noted tumor regression. 
Unfortunately, the patient also died of the 
infection, demonstrating the importance of 
controlling bacterial virulence.1 

Later, the American physician William 
Coley experimented with a heat-inactivat-
ed mixture of Streptococcus pyogenes and 
Serratia marcescens dubbed “Coley’s toxin.” 

Injecting this mixture into or near tumors 
brought considerable success,2 but an inabil-
ity to explain the therapeutic mechanism 
or to control side effects meant that Coley’s 
toxin did not garner widespread acceptance. 

The development of radiotherapy and 
chemotherapy further marginalized bacte-
ria-mediated tumor therapy.1 Nonetheless, 
bacteria continued to be part of cancer 
therapeutics throughout the 20th century, 
most notably the Mycobacterium bovis BCG 

vaccine, which physicians used as an anti-
bladder cancer agent. 

Today, several developments have fueled 
a renewed interest in bacteria as an antican-
cer therapeutic tool. Claudia Gravekamp 
from the Albert Einstein College of Medi-
cine credited DNA recombination technol-
ogy with enabling bacterial attenuation to 
reduce side effects and increasing tumor-
targeting capacity. 

Additionally, immuno-oncology brought 
a better appreciation for how molecular 
agents activate the immune system for can-
cer treatment. But the most important shift 
came with microbiome research and the 
discovery that tumors naturally host bacte-
ria. “Contrary to the dogma that our bodies 
are sterile, it’s quite natural for us to have 
transient exposures to bacteria. This helped 
people accept bacteria as a natural therapeu-
tic vehicle,” said Danino.

The enemy of my enemy
Although the full breadth of bacterial 
anticancer mechanisms is still unknown, 

Bacteria introduced into the 
tumor microenvironment can 

fight cancer by competing  
with cancer cells for nutrients  

and oxygen, by exerting  
cytotoxic effects, and by 

producing endotoxins that  
trigger inflammation  

and immune activation.

FLAME CONTINUED ON PAGE 15

“Contrary to the dogma that 
our bodies are sterile, it’s 
quite natural for us to have 
transient exposures to 
bacteria. This helped people 
accept bacteria as a natural 
therapeutic vehicle.”
-Tal Danino of Columbia University
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bacteria counter cancer in several ways. The 
first is direct competition. Bacteria are bet-
ter equipped for hypoxic environments than 
human cells. As such, they can compete with 
cancer cells for nutrients and the limited oxy-
gen available in tumor microenvironments 
(TMEs). Danino noted that some bacteria 
have a therapeutic effect against cancer just 
through competition alone. 

The second lies in the toxins that bacteria 
naturally produce. They exert cytotoxic 
effects, and bacteria-produced endotoxins, 
such as lipopolysaccharide (LPS), also trigger 
inflammation and immune activation. This 
recruits effector cells such as macrophages 
and neutrophils to the tumor site, thereby 
constraining both bacterial and tumor growth. 
Some bacteria can even recruit adaptive 
immune system elements such as CD4+ and 
CD8+ T cells.

Researchers like Danino plan to use these 
natural advantages to increase efficacy and 
improve targeting selectivity. For example, 
they can control bacterial activity by plac-
ing drug-producing or immunostimulatory 
mechanisms under oxygen-sensitive pro-
moters that only turn on in hypoxic envi-
ronments. Alternatively, bacteria can be 
controlled through quorum sensing. 

“Our group is looking at the idea that 
bacteria can only hit critical mass in the 
tumor,” said Danino. “We can then design it 
so that they’ll only activate once they hit that 
critical mass.” 

Walking a fine line
There is no single optimal design strategy for 
engineering bacteria for anticancer purposes, 
according to Danino. One idea is to attenu-
ate bacteria by making them dependent on 
a particular supplement.3 The bacteria can 
acquire some of this nutrient while in the 
tumor, but would eventually starve to death. 

“This is a biocontainment feature, to prevent 
[the bacteria] from mutating while in tumors, 
wreaking havoc, and potentially migrating to 
other organs,” Danino said. Indeed, the pros-
pect of losing control is always a concern since 
most bacteria used to treat cancer are attenu-
ated versions of pathogenic strains such as 
Listeria, Salmonella, and Clostridium.4

While this strategy is useful in a clinical 
setting, most researchers working at the 
basic science level do not use attenuations 
like this. “I think that [bench scientists] 
view longevity as an advantage,” Danino said. 
“[Bacteria that persist] for several weeks 
can actively sense and respond to changes 
in the tumor and manufacture different 
compounds accordingly.” 

These long-lasting bacteria still need to 
be reined in before therapeutic use, lest they 
cause sepsis. Danino highlighted several 
methods for this, including LPS modifica-
tion to reduce sepsis-causing responses, as 

well as direct intratumoral administration 
to limit systemic exposure. Limiting sepsis 
responses can also aid bacterial efficacy. “Lis-
teria is rapidly eliminated by the immune sys-
tem in the blood, but persists in regions that 
feature strong immune suppression like the 
TME,” Gravekamp remarked.

Meeting the locals
Researchers still need to explore how the 
native microbiome affects exogenously 
introduced bacteria. “Mice don’t have tumor 
microbiomes because they live their entire 
lives in a clean animal care facility, but 
humans are believed to accumulate bacteria 
in their tumors over a long period of time 
through multiple exposures,” Danino said. 
“For example, bacteria on teeth can enter the 
bloodstream through trips to the dentist and 
the act of brushing, and they can populate 
internal niches that way. So we don’t quite 
have accurate models to look at how tumor 
microbiome composition affects bacteria-
based therapeutic approaches.” 

Another question is how the native 
microbiome affects the tumor microbiome. 
Competition between native and tumor 
microbiomes exists, but native intratumor-
al bacterial levels are orders of magnitude 
lower than the concentrations needed for 
therapeutic use. Researchers recently found 
that the majority of bacteria in tumors reside 
within cells rather than as part of the tumor 
structure,5 which leads Danino to believe 
that competitive effects will be minor. 

Surveying the big picture
From a general standpoint, there are three 
key questions to be answered when using 
bacteria for anticancer therapy: what is the 
best strain; what is the best agent; and what 
is the best control method? The answers to 
these questions differ depending on can-
cer type, specific tumor properties, and 

any other treatments underway. Bacteria-
based therapeutic approaches are compat-
ible with other therapeutic approaches 
such as immunotherapy, chemo/radio-
therapy, and so forth, and can be combined 
with these modalities. “We developed 
radioactive listeria,6 which was highly 
effective against pancreatic cancer, and 
immunogenic listeria carrying [the che-
motherapy agent] gemcitabine,7 which 

resulted in better T cell responses in the 
TME,” Gravekamp said.

At the same time, finding the right bacte-
ria for the right cancer can be like finding a 
needle in a haystack. Danino remarked that 
animal models are not well-equipped to 
handle the necessary screening throughput. 
“This is why we developed an in-vitro system 
last year8 in order to rapidly test hundreds of 
different types of bacterial therapy. I think 
[in-vitro screening] will play a role in how 
we develop these approaches as we progress.” 

Nonetheless, Danino highlighted what he 
called the “democratic ability” of bacteria-
based therapeutics. “I would say that the 
power of the bacteria approach, relative to 
more costly personalized methods, is that 
you’re targeting the general characteristics 
of a tumor and you don’t need genetic level 
information for screening,” he stated. “That’s 
the beauty of it, especially when it comes to 
applications in the developing world.” n
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“We developed radioactive Listeria, which was highly effective against pancreatic cancer, and immunogenic Listeria carrying [the chemotherapy 
agent] gemcitabine, which resulted in better T cell responses in the [tumor microenvironment],” says Claudia Gravekamp of the Albert Einstein 
College of Medicine.

In 1863, German physician Wilhelm Busch 
infected a cancer patient with Streptococcus 
pyogenes and noted tumor regression. Later, 
American physician William Coley experimented 
with a heat-inactivated mixture of S. pyogenes 
(top) and Serratia marcescens (bottom) dubbed 
“Coley’s toxin,” which showed success when 
injected in or near tumors.

“Listeria is rapidly eliminated 
by the immune system in the 
blood, but persists in regions 
that feature strong immune 
suppression like the [tumor 
microenvironment].”
- Claudia Gravekamp of the Albert 
Einstein College of Medicine
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Scientists map structure of potent  
antibody against coronavirus
Computer-generated images show why immune protein neutralizes SARS-CoV-2
BY SABIN RUSSELL, FRED HUTCH NEWS SERVICE

S CIENTISTS AT FRED HUTCHIN-
SON Cancer Research Center in 
Seattle have shown that a potent 
antibody from a COVID-19 survivor 
interferes with a key feature on the 

surface of the coronavirus’ distinctive spikes 
and induces critical pieces of those spikes to 
break off in the process.

The antibody—a tiny, Y-shaped protein that 
is one of the body’s premier weapons against 
pathogens including viruses—was isolated 
by the Fred Hutch team from a blood sample 
received from a Washington state patient in the 
early days of the pandemic.

The team led by Drs. Leo Stamatatos, Andrew 
McGuire, and Marie Pancera previously 
reported that, among dozens of different 
antibodies generated naturally by the patient, 
this one—dubbed CV30—was 530 times more 
potent than any of its competitors.

Using tools derived from high-energy 
physics, Hutch structural biologist Pancera 
and her postdoctoral fellow Dr. Nicholas 
Hurlburt have now mapped the molecular 
structure of CV30. They and their colleagues 
published their results online today in the 
journal Nature Communications.

The product of their research is a set of 
computer-generated 3D images that look to 
the untrained eye as an unruly mass of noo-
dles. But to scientists they show the precise 
shapes of proteins comprising critical sur-
face structures of antibodies, the coronavirus 
spike and the spike’s binding site on human 
cells. The models depict how these structures 
can fit together like pieces of a 3D puzzle.

“Our study shows that this antibody neu-
tralizes the virus with two mechanisms. One 
is that it overlaps the virus’s target site on 
human cells, the other is that it induces shed-
ding or dissociation of part of the spike from 
the rest,” Pancera said.

Powerful tools illuminate the immune 
response to SARS-CoV-2
On the surface of the complex structure of 
the antibody is a spot on the tips of each of 
its floppy, Y-shaped arms. This infinitesimally 
small patch of molecules can neatly stretch 
across a spot on the coronavirus spike, a site 
that otherwise works like a grappling hook 
to grab onto a docking site on human cells.

The target for those hooks is the ACE2 
receptor, a protein found on the surfaces 
of cells that line human lung tissues and 
blood vessels. But if CV30 antibodies cover 
those hooks, the coronavirus cannot dock 
easily with the ACE2 receptor. Its ability to 
infect cells is blunted.

This very effective antibody not only jams 
the business end of the coronavirus spike, 
it apparently causes a section of that spike, 
known as S1, to shear off. Hutch researcher 
McGuire and his laboratory team performed 
an experiment showing that, in the presence 
of this antibody, there is reduction of anti-
body binding over time, suggesting the S1 
section was shed from the spike surface.

The S1 protein plays a crucial role in help-
ing the coronavirus to enter cells. Research 
indicates that after the spike makes initial 

contact with the ACE2 receptor, the S1 pro-
tein swings like a gate to help the virus fuse 
with the captured cell surface and slip inside. 
Once within a cell, the virus hijacks compo-
nents of its gene and protein-making machin-
ery to make multiple copies of itself that are 
ultimately released to infect other target cells.

The incredibly small size of antibodies is 
difficult to comprehend. These proteins are 
so small they would appear to swarm like 
mosquitos around a virus whose structure 
can only be seen using the most powerful 
of microscopes. The tiny molecular features 
Pancera’s team focused on the tips of the 
antibody protein are measured in nanome-
ters—billionths of a meter.

Yet structural biologists equipped with the 
right tools can now build accurate 3D images 
of these proteins, deduce how parts of these 
structures fit like puzzle pieces, and even 
animate their interactions.

Key to building models of these nanoscale 
proteins is the use of  X-ray crystallography. 
Structural biologists determine the shapes of 
proteins by illuminating frozen, crystalized 
samples of these molecules with extremely 
powerful X-rays. The most powerful X-rays 
come from a gigantic instrument known as 
a synchrotron light source. Born from atom-
smashing experiments dating back to the 
1930s, a synchrotron is a ring of massively 
powerful magnets that are used to accelerate 

a stream of electrons around a circular track 
at close to the speed of light. Synchrotrons 
are so costly that only governments can 
build and operate them. There are only 40 
of them in the world.

Pancera’s work used the Advanced Photon 
Source, a synchrotron at Argonne National 
Laboratory near Chicago, which is run by the 
University of Chicago and the US Depart-
ment of Energy. Argonne’s ring is 1,200 feet 
in diameter and sits on an 80-acre site.

As the electrons whiz around the syn-
chrotron ring, they give off enormously 
powerful X-rays—far brighter than the 
sun but delivered in flashes of beams 
smaller than a pinpoint.

Structural biologists from around the 
world rely on these brilliant X-ray beam-
lines to illuminate frozen crystals of proteins. 
They reveal their structure in the way these 
bright beams are bent as they pass though 
the molecules. It takes powerful comput-
ers to translate the data readout from these 
synchrotron experiments into the images of 
proteins that are eventually completed by 
structural biologists.

Potential implications for COVID-19 
vaccines and drugs
The Fred Hutch team’s work on CV30 builds 
on that of other structural biologists who 
are studying a growing family of potent 

neutralizing antibodies against the coro-
navirus. The goal of most coronavirus vac-
cine candidates is to stimulate and train the 
immune system to make similar neutralizing 
antibodies, which can recognize the virus as 
an invader and stop COVID-19 infections 
before they can take hold.

Neutralizing antibodies from the blood of 
recovered COVID-19 patients may also be 
infused into infected patients—an experi-
mental approach known as convalescent 
plasma therapy. The donated plasma con-
tains a wide variety of different antibodies 
of varying potency. Although once thought 
promising, recent studies have cast doubt 
on its effectiveness.

However, pharmaceutical companies are 
experimenting with combinations of potent 
neutralizing antibodies that can be grown in 
a laboratory. These “monoclonal antibody 
cocktails” can be produced at industrial 
scale for delivery by infusion to infected 
patients or given as prophylactic drugs to 
prevent infection. After coming down with 
COVID-19, President Trump received an 
experimental monoclonal antibody drug 
being tested in clinical trials by the biotech 
company Regeneron, and he attributes his 
apparently quick recovery to the advanced 
medical treatment he received.

The Fred Hutch research team holds 
out hope that the protein they discovered, 
CV30, may prove to be useful in the preven-
tion or treatment of COVID-19. To find out, 
this antibody, along with other candidate 
proteins their team is studying, need to be 
tested preclinically and then in human trials. 
However, “It is too early to tell how good they 
might be,” Pancera said.

“We plan to investigate whether and how 
mutations of the new strain alter the viral 
susceptibility to neutralizing antibodies, 
including those elicited by the current vac-
cines,” added Dr. Leo Stamatatos, profes-
sor at Fred Hutchinson Cancer Research 
Center, regarding the newly discovered UK 
variant of SARS-CoV-2. n

The original article can be found on the Fred 
Hutch website at www.fredhutch.org/en/news/
center-news/2020/10/covid-19-antibodies-
structure.html

“Our study shows that this 
antibody neutralizes the virus 
with two mechanisms. One 
is that it overlaps the virus’s 
target site on human cells, 
the other is that it induces 
shedding or dissociation of 
part of the spike from the 
rest,” says Dr. Marie 
Pancera, a structural 
biologist at Fred Hutch.C
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Using tools derived from 
high-energy physics, 

researchers from the Fred 
Hutchinson Cancer Research 

Center (pictured here) have 
mapped the molecular 

structure of CV30, an 
antibody that may be potent 

against SARS-CoV-2.
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Could Siglec-12 cause cancers to advance?
People who produce this protein may be at twice the risk for advanced cancer
BY MEL J. YEATES

HOBOKEN, NJ—New research, recently pub-
lished in FASEB BioAdvances, has revealed 
a human-specific connection between 
advanced carcinomas and a gene called 
SIGLEC12. Such cancers often begin in 
epithelial cells of the skin, or the tissue that 
covers the surface of internal organs and 
glands—including prostate, breast, lung, and 
colorectal cancers.

“Siglecs are family of receptors on immune 
cells that usually recognize cell surface host 
molecules called sialoglycans,” says Dr. 
Nissi Varki, a professor of pathology at the 
University of California, San Diego School 
of Medicine. “SIGLEC12 is a gene that has 
developed two human-specific mutations 
during the course of evolution. The first 
SIGLEC12 mutation eliminates its binding 
to sialoglycans, and the second mutation has 
caused SIGLEC12 gene to be eliminated in 
the majority of humans and is only found in 
about 30 percent of normal humans. As it 
happens, carcinomas appear rarely in our 
closest living evolutionary relatives, the 
chimpanzees, which carry the non-mutated 
form of SIGLEC12.”

“At some point during human evolution, 
the SIGLEC12 gene—and more specifically, 
the Siglec-12 protein it produces as part of 
the immune system—suffered a mutation 

that eliminated its ability to distinguish 
between ‘self’ and invading microbes, so 
the body needed to get rid of it. But it’s not 
completely gone from the population—it 
appears that this dysfunctional form of 
the Siglec-12 protein went rogue and has 

now become a liability for the minority 
of people who still produce it,” explained 
Dr. Ajit Varki, a distinguished professor 
at the UC San Diego School of Medicine 
and Moores Cancer Center, and senior 
author of the study.

Ajit Varki, who is co-director of both the 
Glycobiology Research and Training Center 
and the Center for Academic Research and 
Training in Anthropogeny, led the study 
with Nissi Varki, who co-authored the study. 
By studying normal and cancerous tissue 
samples, the researchers discovered that 
the roughly 30 percent of people who still 
produce Siglec-12 proteins have more than 
twice the risk of developing an advanced 
cancer during their lifetimes, compared to 
those who can’t produce the proteins.

“The presence of the SIGLEC12 gene 
in individuals with late-stage carcinomas 
appears to be associated with a poorer prog-
nosis in those individuals, [although] it does 
not appear to impact the risk of develop-
ment of carcinomas,” Nissi Varki points 
out. “We did not find a correlation between 
SIGLEC12 genomic status and progression 
for early-stage cancers, but in colorectal 
cancer cohorts with advanced carcinoma, 
more than 80 percent of cancer patients had 
the functional form of the gene, correlated 
with poor outcome.” 

“We also established a method to identify 
subjects who are Siglec-12 protein-positive 
vs. negative,” she adds. “Thus, advanced car-
cinomas appear much more likely to occur 

Researchers at the Moores Cancer Center (pictured here) and other UC San Diego research 
institutions may have uncovered a link between the SIGLEC12 gene and poorer prognoses for 
patients with advanced cancers.
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InveniAI and Kyowa Kirin partner  
on target discovery
The companies have expanded an existing collaboration to find novel targets
BY MEL J. YEATES

GUILFORD, Conn. & TOKYO—
InveniAI and Kyowa Kirin recent-
ly reported an expansion of a col-
laboration agreement, using Inve-
niAI’s AI platform AlphaMeld to 
identify, evaluate, and optimize 
targets for Kyowa Kirin’s antibody 
technology. Under the terms of 
the collaboration, InveniAI will 
receive an undisclosed upfront 
payment, development and com-
mercial milestones, and royalties.

“AlphaMeld is primed with 
data sets that have been curated 
and connected for over a decade 
and with more than 500 disease-
specific algorithms that place 
the hypothesis in the context of 
an existing pipeline and stan-
dard of care,” states Dr. Krish-
nan Nandabalan, president and 
CEO of InveniAI. “The platform 
is part of a highly differentiated, 
industry-leading, and first-of-
its-kind AI Innovation Lab that 
integrates AlphaMeld and a team 
of discovery, translational, clini-
cal, commercial, data science, 
AI, and IT domain experts ... for 
the discovery of novel therapeu-
tic solutions, products, and tech-
nologies at unprecedented speed, 
lower cost, and with a higher 
likelihood of success.”

“AlphaMeld’s AI and disease-
specific algorithms can create 
network association maps. The 
AI and machine learning process 
of target discovery begins with 
human domain experts defining 
the phenotype and null hypoth-
esis. A comprehensive associa-
tion network map is created to 
prioritize targets and associated 
drugs and diseases/symptoms that 

reveal various relationships. The 
association network map is gen-
erated based on data for 20,000 
genes, disease pathways, cell types, 
diseases, symptoms, tissues, and 
44,000 drugs,” Nandabalan notes. 
“Through AI-powered analyt-
ics and human expert curation, 

targets can be identified with 
and without associated drugs that 
have the potential to be leveraged 
for therapeutic development in 
combination or alone.”

InveniAI and Kyowa Kirin have 
been collaborating since 2018, 
using AlphaMeld to expand Kyowa 
Kirin’s existing therapeutic pipeline 
into new disease indications. With 
this expansion of the agreement, 

Kyowa Kirin will now be able to 
use AlphaMeld for novel target dis-
covery and validation. 

Kyowa Kirin aims to generate 
a clinical pipeline of therapeutic 
antibodies that addresses the unmet 
needs of patients across multiple 
diseases. Under the terms of the 

agreement, Kyowa Kirin will select 
multiple programs for advance-
ment into clinical development, 
although the company hasn’t dis-
closed any particular disease indica-
tion focus as of yet.

“We are thrilled to partner with 
InveniAI to leverage artificial intel-
ligence and machine learning to 
comprehensively identify viable 
connections between novel targets 

and diseases at unprecedented scale 
and speed,” added Dr. Yoshifumi 
Torii, head of R&D for Kyowa Kirin. 
“The expansion of the agreement will 
allow us to prioritize and advance our 
programs into clinical development 
with the highest probability of suc-
cess while minimizing time and cost.”

“We are now standing at the 
intersection of state-of-the-art 
biotechnology and digital tech-
nology,” Torii tells DDN. “Under 
the collaboration, both scientists 
work together interactively to 
address the unmet medical needs 
of people worldwide lying at the 
intersection of the two. The col-
laboration will unlock extraordi-
nary opportunities, and deliver 
new insights and capabilities previ-
ously unattainable in the biophar-
maceutical industry.”

“AlphaMeld has applications 
in the biopharma industry from 
discovery to commercialization, 
including target discovery and 
validation, indication optimiza-
tion for early-stage programs 
and discontinued programs, and 
biomarker discovery and patient 
selection. InveniAI’s Lab has seen 
the first industry validation where 
a candidate has successfully com-
pleted a Phase 3 trial via our sister 
company, Bioxcel Therapeutics, 
and is on track for an NDA sub-
mission by Q1 of 2021,” points 
out Nandabalan. “In addition, 
we have over 10 programs with 
collaborators that are in various 
stages of clinical development 
and active clinical trials.” n

in individuals whose genomes have 
an intact SIGLEC12 gene, likely 
because the encoded Siglec-12 pro-
tein recruits oncogenic pathways.”

The researchers validated their 
findings in mice by introducing 
tumor cells engineered to produce 
Siglec-12. The resulting cancers 
grew much faster, and turned on 
many biological pathways known 
to be involved in advanced cancers, 
compared to control tumor cells 
without functioning Siglec-12. 
The team has also developed 
a simple urine test that can be 
used to detect the presence of the 
dysfunctional protein.

“The Siglec-12 protein was 
expressed on normal salivary epi-
thelial cells, as well as in normal 
urinary tract epithelial cells shed 
into the urine. A simple dot blot 
method was thus established, using 
urine samples to identify individu-
als who were Siglec-12 expressors 
and non-expressors,” notes Nissi 
Varki. “Siglec-12 also appears to 
be of prognostic value, such that 
patients on the same therapy who 
were Siglec-12 non-expressors 

showed longer survival times, as 
compared to those patients who 
were Siglec-12 expressers.

“We also performed RNA-
Seq analysis on Siglec-12 non-
expressing prostate cancer cells 
and PC-3 cells transfected with 
Siglec-12 cDNA, identifying 

multiple cancer promoting 
changes that are highly enriched 
in the Siglec-12 expressing cells. 
Notably, we have also shown in 
the past that an anti-Siglec-12 
antibody attached to a toxin can be 
taken up by this molecule, to kill 
cancer cells. Given the likelihood 

that the molecule has no critical 
function in normal humans, it is 
an excellent target for therapeutic 
consideration as well.”

More work is needed to fully 
understand SIGLEC12, and the 
study states that a knockdown 
in a Siglec-12-expressing cell 

line will be informative, espe-
cially for future studies that 
expand on these findings.

“These very unexpected findings 
have raised even more questions 
than answers, and there are some 
limitations to this initial study. 
First of all, we have not deciphered 
the signaling pathways of SHP2 
downstream of Siglec-12 and gene 
expression analysis with SHP2 
inhibitors,” Nissi Varki remarks. 
“Advanced carcinomas are much 
more likely to occur in individu-
als whose genomes have an intact 
SIGLEC12 gene, likely because the 
encoded Siglec-12 protein recruits 
Shp2-related oncogenic pathways.”

“Secondly, we don’t know if there 
is an alternate ligand for Siglec-12 in 
humans. Thirdly, although we have 
very clean RNA-seq data, the in-
vivo relevance of the differentially 
expressed genes has not been con-
clusively shown. These are impor-
tant aspects of the work which will 
be part of future studies. Given addi-
tional, less-common inactivating 
mutations in humans, more precise 
prognostic studies in future would 
require complete bi-allelic exome 
analysis,” she concludes. n

“The presence of the 
SIGLEC12 gene in  
individuals with late-
stage carcinomas 
appears to be 
associated with a 
poorer prognosis in 
those individuals, 
[although] it does not 
appear to impact the 
risk of development 
of carcinomas.”
-Nissi Varki  
of UC San Diego

The SIGLEC12 gene—and more specifically, the Siglec-12 protein it produces 
as part of the immune system—might put nearly a third of humans at risk of 
falling victim to advanced cancers.

“The expansion of [our agreement with InveniAI] 
will allow us to prioritize and advance our 
programs into clinical development with the 
highest probability of success while minimizing 
time and cost,” says Dr. Yoshifumi Torii,  
head of R&D for Kyowa Kirin.
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Onward and upward  
for opaganib
TEL AVIV, Israel—RedHill Biopharma reported in 
December that data from opaganib, its Phase 
2/3 candidate for the treatment of COVID-19, 
was found to reduce thrombosis (blood clotting) 
in a preclinical model of acute respiratory 
distress syndrome (ARDS). Up to one-third of 
COVID-19 patients that require ICU admission 
can present with ARDS-induced thrombosis, 
which contributes to patient mortality rates. 

In preclinical models, opaganib also 
inhibited SARS-CoV-2 viral replication and 
pro-inflammatory markers. RedHill is also 
evaluating opaganib in a global Phase 2/3 study 
of patients with severe COVID-19, with top-line 
data expected in the first quarter of 2021.

Dr. Reza Fathi, RedHill’s senior vice president 
of research and development, commented 
in part that, “Results from our study show 
opaganib 250 mg/kg reduced blood clot 
length, weight and total thrombus score in 
a preclinical model of ARDS. This adds to 
the known antiviral and anti-inflammatory 
activities of opaganib and provides the 
potential for a unique triple-action effect on 
the pathophysiological processes associated 
with COVID-19 disease. Opaganib, which 
targets a host cell component, potentially 
minimizes the likelihood for resistance due to 
viral mutations.”

Designer decoys  
deliver results
SEATTLE—Neoleukin Therapeutics, Inc. 
recently had data published in Science 
regarding its de-novo protein decoys, which 
have been designed to bind to the SARS-
CoV-2 Spike protein with high affinity to block 
its association with the hACE2 receptor and 
thereby block infection. The lead molecule, 
NL-CVX1(CTC-445.2d), proved capable of 
preventing infection in multiple human cell 
lines. It also protected hamsters from seri-
ous consequences of SARS-CoV-2 infection, 
and a prophylactic intranasal administration 
resulted in all hamsters surviving when chal-
lenged with a lethal dose of the virus.

“The rapid development of this targeted 
protein demonstrates the potential of our de-
novo protein design platform and our team 
of scientists to address a broad spectrum of 
important biological problems,” said Dr. Jona-
than Drachman, CEO of Neoleukin. “NL-CVX1 
is designed to be stable and could potentially 
be administered by intranasal spray or inhala-
tion to prevent and treat infection in the lungs 
and upper airways by SARS-CoV-2. We are 
currently evaluating the possibility of advanc-
ing this molecule to clinical trials in humans.”

research+development
preclinical
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Introducing NGM438
NGM438 is an antagonist antibody that inhibits LAIR1

BY MEL J. YEATES

SOUTH SAN FRANCISCO, Calif.—NGM Bio-
pharmaceuticals recently disclosed its third 
oncology development candidate: NGM438, 
a novel antagonist antibody that inhibits 
leukocyte-associated immunoglobulin-like 
receptor 1 (LAIR1). 

LAIR1 is a collagen-binding inhibitory 
receptor expressed on immune cells. LAIR1 
and collagens are upregulated in multiple 
cancer types where collagens are produced 
by activated stromal cells, and these stromal-
derived suppressive factors are associated with 
poor responses to checkpoint inhibitors. For 
these tumors, formation of the LAIR1-collagen 
complex could act as a stromal checkpoint 
to both physically exclude immune cells 
from the tumor and impose signaling-based 
immune suppression. 

“NGM438, a novel immuno-oncology 
candidate, is yet another example of our 
team’s biology-driven approach and expertise 
in tailoring highly specialized antibodies,” said 
Dr. David J. Woodhouse, CEO of NGM.

NGM believes that LAIR1 inhibition rep-
resents a promising therapeutic strategy for 

NGM438 CONTINUED ON PAGE 20

NGM438 is intended to promote the remodeling of the tumor architecture that restricts T cells 
from infiltrating the tumor cell mass, as well as reverse immune suppression in the tumor 
microenvironment.

Talking about a resolution
Data show that OSE-230 can resolve chronic inflammation
BY MEL J. YEATES

NANTES, France—Late last year, OSE 
Immunotherapeutics presented preclini-
cal efficacy data for OSE-230 at the 2020 
Federation of Clinical Immunology Soci-
eties (FOCIS) Annual Meeting. OSE-230 
is a novel agonist monoclonal antibody 
against ChemR23, also known as chemer-
in chemokine-like receptor 1 (CMKLR1), 
a G-protein coupled receptor (GPCR) 
expressed on myeloid immune cells known 
to modulate inflammation.

Persistent inflammation is a character-
istic feature of all chronic inflammatory or 
autoimmune diseases. If it isn’t controlled 
or resolved, it can lead to further tissue 
damage and tissue fibrosis. Most anti-
inflammatory agents use a mechanism that 
blocks pro-inflammation pathways. In con-
trast, OSE Immunotherapeutics is devel-
oping OSE-230 as a first-in-class therapeu-
tic that could potentially resolve chronic 

inflammation by causing the affected tis-
sues to complete the inflammation program 
and restore tissue integrity.

“OSE-230 represents a disruptive con-
cept in the resolution of inflammation, a 
failed process in potentially all chronic 
inflammatory diseases,” said Nicolas Poiri-
er, chief scientific officer of OSE Immuno-
therapeutics. “The data presented show 

that OSE-230 is the first monoclonal anti-
body triggering the activation of special-
ized receptors of resolution to restore tis-
sue homeostasis, integrity, and functions. 
Our findings provide strong evidence for 
the therapeutic potential of OSE-230 to be 
developed in various chronic inflammation 
and autoimmune pathologies and reinforce 

OSE-230 CONTINUED ON PAGE 20

“The data presented show that OSE-230 is the first monoclonal 
antibody triggering the activation of specialized receptors of 
resolution to restore tissue homeostasis, integrity, and 
functions. Our findings provide strong evidence for the 
therapeutic potential of OSE-230 to be developed in various 
chronic inflammation and autoimmune pathologies.”
- Nicolas Poirier, chief scientific officer of OSE Therapeutics
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treating cancer. By promoting the 
remodeling of the tumor architec-
ture that restricts T cells from infil-
trating the tumor cell mass, and 
reversing immune suppression 
in the tumor microenvironment, 
NGM438 could potentially block 
the stromal checkpoint and restore 
antitumor immune responses. 

NGM438 was designed to 
inhibit LAIR1 interactions with 
stromal-derived collagens. In 
preclinical studies, the therapy 
has demonstrated the ability to 
reprogram collagen-suppressed 
myeloid cells to a stimulatory 
phenotype, induce inflammatory 
cytokine production by myeloid 
and T cells, and relieve collagen-
based suppression of T cell pro-
liferation. The reinvigoration 
of collagen-suppressed immune 
cells may address a key resistance 
mechanism that limits responses 
to current immunotherapies.

According to a presentation 
on NGM’s website, “Collagen 

receptors, such as integrins, repre-
sent key stimulatory receptors on 
myeloid cells. Inhibition of activat-
ing receptors via Collagen-LAIR1 
signaling promotes a suppressive 
myeloid cell phenotype. NGM438 
blockade of LAIR1-Collagen bind-
ing reprograms myeloid cells to 
be pro-inflammatory. Blockade of 

Collagen-LAIR1 leads to a potent 
increase in inflammatory cyto-
kines, including CCL3 and CCL4, 
that are involved in recruiting lym-
phocytes to areas of inflammation.”

“NGM438,  which  inhib -
its LAIR1, and NGM707, our 
dual antagonist antibody that 

inhibits ILT2 and ILT4, are 
both examples of our strategy to 
broaden and deepen antitumor 
immune responses for patients 
through myeloid reprogram-
ming by addressing key resis-
tance mechanisms and revers-
ing stromal and myeloid check-
points,” noted Woodhouse.

NGM438 joins NGM707 as the 
second myeloid reprogramming 
product candidate in NGM’s oncol-
ogy portfolio. NGM707 inhibits 
immunoglobulin-like transcript 2 
(ILT2) and immunoglobulin-like 
transcript 4 (ILT4). The company 
expects to begin first-in-human 

testing for NGM707 in mid-
2021 and for NGM438 in the 
fourth quarter of 2021.

Both antibodies were discov-
ered by NGM under its strategic 
collaboration with Merck & Co. 
The companies have been work-
ing together since 2015, and in 
March 2019 Merck exercised its 

option to extend the collaboration 
through March 2022.  

“During the two-year extension 
period, Merck will continue to fund 
NGM’s research and development 
efforts at similar levels to the origi-
nal collaboration terms and will 
make additional payments totaling 

up to $20 million in support of 
NGM’s research and development 
activities in 2021 and 2022,” states 
NGM’s website. “Merck retains 
one additional two-year exten-
sion option that is exercisable in 
March 2021, which would extend 
the collaboration from March 
2022 to March 2024.”

“Merck has a one-time option to 
license all resulting collaboration 
programs following human proof-
of-concept trials. Upon exercis-
ing such options, Merck will lead 
global product development and 
commercialization for the result-
ing products, if approved. Prior to 
Merck initiating a Phase 3 study 
for a licensed program, NGM may 
elect to either receive milestone 
and royalty payments or, in certain 
cases, to co-fund development and 
participate in a global cost and rev-
enue share arrangement of up to 
50 percent,” the website continues. 
“The agreement also provides NGM 
with the option to participate in the 
co-promotion of any co-funded pro-
gram in the United States.” n

OSE’s position in the immuno-
therapy field targeting myeloid 
cells in autoimmune and chron-
ic inflammatory diseases, and 
in immuno-oncology.”

“The resolution of inflamma-
tion is an emerging field and a 
completely new paradigm in the 
management of inflammation. 
We’ve learned over the last years 
that inflammation is a natural 
process with an initiation, a 
middle, and a resolution phase. 
It doesn’t just peter out, but 
instead the body actively shuts 
it down using specific resolution 
signals that researchers hope to 
transform into therapies,” Poirier 
tells DDN. “OSE-230 is a mono-
clonal antibody agonist for one of 
the key receptors of the resolu-
tion of inflammation pathways. 
It demonstrated strong potential 
to trigger resolution in situations 
where this process is known to 
be blocked or deficient such as in 
severe and chronic inflammatory 
disease (e.g. Crohn’s disease) or 
autoimmune diseases (multiple 
sclerosis, type 1 diabetes).”

“The current standard of care 
for the management of severe 
and chronic inflammation is 
a variety of anti-inflammatory 
drugs which aim at pushing back 
inflammation by blocking signals 
that initiate the process, meaning 
a return to the past. The novel 
approach under development by 
OSE is to actively push on reso-
lution pathways using agonist 
monoclonal antibodies to mimic 
natural signals that induce the 
resolution cascade and promote a 
return of tissue homeostasis, and 

avoid loss of function and fibrosis 
in affected tissues,” he explains.

The  FOCIS  presentat ion 
showed eff icacy results  for 
OSE-230 in chronic inflamma-
tory preclinical models and ex-
vivo human models. OSE-230 
accelerates inflammation reso-
lution in acute inflammatory 
preclinical models by trigger-
ing pro-resolutive programs in 

macrophages and neutrophils 
at the site of inflammation. The 
therapy triggers efficient resolu-
tion of inflammation in chronic 
colitis models which spontane-
ously do not resolve, with a sig-
nificant decrease in leukocyte 
infiltrates, tissue lesions, fibro-
sis, and inflammation-driven 
tumors. Preclinical studies have 
also demonstrated resolution of 

inflammation in type 1 diabetes 
and multiple sclerosis models.

“ O S E - 2 3 0  d e m o n s t r a t e d 
strong preclinical efficacy as a 
monotherapy in various in-vivo 
experimental models,” states 
Poirier. “However, due to its 
completely different mechanism 
of action and novel pathways 
targeted, OSE-230 is also poten-
tially a complementary approach 

to current anti-inflammatory 
drugs and combination might be 
envisaged in the future.”

The natural  resolution of 
inflammation is elicited by pro-
resolving lipids which activate 
GPCRs to induce neutrophil 
apoptosis, reduce neutrophil tis-
sue recruitment, and promote 
macrophage efferocytosis. Using 
transcriptional analyses of up 
to 300 chronic colitis patients, 
OSE’s R&D team identified 
ChemR23 as a GPCR receptor of 
the resolution program overex-
pressed in the inflamed tissues 
of patients who were not respon-
sive to anti-TNFα or anti-α4β7 
therapies. In these patients, 
t r e a t m e n t  r e s i s t a n c e  w a s 
strongly associated with bowel 
mucosal neutrophil accumula-
tion. The ChemR23 receptor is 
mainly expressed by resident tis-
sue macrophages and neutrophils 
only under inflammatory (TNF, 
IL-6, LPS) conditions.

Poirier reports that OSE-230 is 
undergoing manufacturing devel-
opment, and the company plans 
to begin a Phase 1 clinical trial in 
the first half of 2022.

“Using an agonist monoclo-
nal antibody modality to switch 
on completely novel and as-of-
yet non-targeted pathways of 
the resolution of inflammation 
opens a new therapeutic avenue 
to fight drug resistance seen in 
some patients to certain types of 
anti-inflammatory agents, such 
as anti-TNF non-response. It also 
has the potential to re-invent the 
future on the next management 
of severe and chronic inflamma-
tion,” he concludes. n

NGM438
CONTINUED FROM PAGE 19

OSE-230
CONTINUED FROM PAGE 19

“NGM438, which inhibits LAIR1, and NGM707, our dual antagonist antibody 
that inhibits ILT2 and ILT4, are both examples of our strategy to broaden and 
deepen antitumor immune responses for patients through myeloid 
reprogramming by addressing key resistance mechanisms and reversing 
stromal and myeloid checkpoints
- Dr. David J. Woodhouse, CEO of NGM Biopharmaceuticals

OSE recently presented preclinical efficacy data for OSE-230, a novel agonist monoclonal antibody against 
ChemR23, a G-protein coupled receptor expressed on myeloid immune cells known to modulate inflammation.
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HCA with 3D models
InSphero-Yokogawa partnership will support drug development research

BY ILENE SCHNEIDER

SCHLIEREN, Switzerland—InSphero AG, 
which develops 3D in-vitro technologies 
for drug discovery and safety, has entered 
into a partnership agreement with Yokogawa 
Electric Corp. to establish and advance high-
content imaging and analysis (HCA) in drug 
discovery and safety. 

The two companies aim to promote and 
support the use of innovative HCA solutions 
with physiologically relevant, 3D, in-vitro, 
cell-based disease models. The partner-
ship will enable InSphero and Yokogawa 
to advance the use of HCA technology and 
methodologies to address the growing 
demand for solutions for drug discovery 
and disease research.  

“One of our challenges as a biotech pio-
neer is to identify the right technology 
partners that help us deliver truly innova-
tive solutions for drug discovery and safety 
testing,” said InSphero CEO and co-founder 
Dr. Jan Lichtenberg. “Our scientists and bio-
engineers set the bar high for Yokogawa. We 
found the perfect HCA partner in Yokogawa 
to help us optimize our use of 3D imaging 
instrumentation and software—and lever-
age their exceptional suite of tools for high-
quality 3D imaging for live cell analysis.”

“Over the past few years, 3D in-vitro mod-
els have clearly become the gold standard for 
drug discovery applications. Our portfolio of 
3D InSight discovery and safety platforms 
provide several key advantages over 2D and 
animal models for research teams seeking 
more human cell-based models,” he added.

InSphero specializes in developing and 
customizing complex, multicellular 3D 
spheroid models with the physiologically rel-
evant morphological characteristics, cellular 
complexity and longevity in culture needed 
to mimic clinical response to drug treat-
ments. The company is the pioneer of indus-
trial-grade, 3D cell-based assay solutions and 
scaffold-free 3D organ-on-a-chip technology. 

Through partnerships, InSphero sup-
ports pharmaceutical and biotechnology 
researchers by accurately rebuilding the 
human physiology in vitro. Major phar-
maceutical companies worldwide use its 
robust and precisely engineered suite of 3D 

InSight human tissue platforms to increase 
efficiency in drug discovery and safety test-
ing. The company specializes in liver toxi-
cology, metabolic diseases, and oncology. 
The scalable Akura technology underlying 
the company’s 3D InSight Discovery and 
Safety Platforms includes 96- and 384-well 
plate formats and the Akura Flow organ-on-
a-chip system to drive efficient innovation 
throughout all phases of drug development. 
InSphero’s Akura plate and organ-on-a-chip 
technology is engineered for imaging and 
automation across a broad range of experi-
mental formats, from high-content screen-
ing to multi-tissue networks. 

Yokogawa’s CellVoyager high-throughput 
screening system series is equipped with the 
company’s confocal scanner unit. The tech-
nology scans cells at high speed, allowing 
for high-resolution 3D imaging for screen-
ing of candidate compounds. In addition, the 
deep learning function of the CellPathfind-
er high-content analysis software enables 
complex image analysis techniques, such as 
phenotypic analysis. 

For numerous research applications, from 
basic research to drug discovery screening, 
Yokogawa’s life innovation business provides 
high-content analysis systems, also known 
as high-content screening systems. Paired 
with InSphero’s advanced analysis software, 
these HCA systems provide high-quality 
3D imaging for enhanced live cell analysis, 
enabling researchers to identify substances 
such as small molecules, peptides, and RNAi 

that can alter the phenotype of a cell. High-
resolution microscopic images captured 
with Yokogawa HCA instruments can be 
used to detect cellular phenotypic changes 
at a molecular level, making this a powerful 
tool for studying the effects of physiologi-
cally active substances such as siRNA, pep-
tides, and antibodies on cultured cells, tissue 
samples, and whole organisms.

As Hiroshi Nakao, a Yokogawa vice presi-
dent and head of the company’s Life Innova-
tion Business Headquarters, explained, “As 
one of our three long-term sustainability 
targets, we are working to ensure the well-
being of all people. Through this partner-
ship, we will be able to provide seamless 
services ranging from the construction of 
high-quality, 3D in-vitro models to com-
plex analyses, thereby contributing to the 
improvement of screening technologies and 
the speed of drug discovery.”

As a result of this partnership agreement, 
InSphero has begun to use Yokogawa’s CQ1 
confocal quantitative image cytometer in 
its research laboratory. The companies have 
already collaborated on several joint presen-
tations. They also co-authored a publication 
in the scientific journal SLAS Discovery that 
presented a framework for optimizing high 
content imaging of 3D models for drug dis-
covery. InSphero and Yokogawa will use 
deep learning and other HCA capabilities 
to further study and develop new high-
content imaging and analysis solutions for 
3D in-vitro models. n

InSphero and Yokogawa Electric Corp. are looking to raise the bar on 3D imaging instrumentation and software for live cell analysis in drug discovery and safety.

“We found the perfect HCA 
partner in Yokogawa to 
help us optimize our use of 
3D imaging instrumentation 
and software—and 
leverage their exceptional 
suite of tools for high-
quality 3D imaging for live 
cell analysis.”
- Dr. Jan Lichtenberg,  
CEO of InSphero
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Out with the old, in with the new
New cancer immunotherapy shows promise in treating cancer
BY LORI LESKO

WEST LAFAYETTE, Ind.—A new approach to 
treating cancer has the potential to be a uni-
versal therapy for solid tumors, according to 
two Purdue University scientists who jointly 
developed and tested immune system cells 
that actually feed the tumor, while blocking 
other immune system cells from destroying it.

Philip Low, Purdue’s Presidential Scholar 
for Drug Discovery and Ralph C. Corley dis-
tinguished professor of chemistry, and Timo-
thy Ratliff, the Robert Wallace Miller director 
of the Purdue Center for Cancer Research, 
led this work, which was published recent-
ly in Cancer Research.

“The novel aspect of our strategy is that we 
have targeted a very potent immune system 
activating drug selectively to tumor associated 
macrophages (TAMs) and myeloid-derived 
suppressor cells (MDSCs) within the tumor 
microenvironment, thereby reprogramming 
these strongly immunosuppressing cells into 
potent tumoricidal immune cells,” Low tells 
DDN. “Importantly, toll like receptor 7 ago-
nists cannot be administered systemically in 
their nontargeted forms because they would 
activate all macrophages and T cells in the 
body and thereby cause a dangerous over-
stimulation of the immune system that could 
lead to excessive cytokine release and perhaps 
autoimmune disease.”

“Not surprisingly, no TLR7 agonist has 
been approved by the FDA for systemic 
administration (i.e. only topical application 
to lesions on the skin are allowed),” he says. 
“We are therefore the first to overcome this 
restriction by targeting the TLR7 agonist 
specifically to TAMs and MDSCs within the 
tumor microenvironment, where reprogram-
ming and concomitant over-stimulation of 
immune cells will be highly beneficial.

“We are moving the drug as rapidly as 
possible towards human clinical trials. We 
hope to enroll our first patient in either late 
2021 or early 2022.”

According to Low, “Our short-term goals 
are to employ the targeted FA-TLR7 agonist to 
treat both solid tumors and fibrotic diseases. 
However, we will have to optimize the for-
mulation of the drug and then run it through 
preclinical development before we can intro-
duce it into human clinical trials.”

“Because our FA-TLR7 agonist repro-
grams the immune system in the tumor 
microenvironment from a tumor-supporting 
to a tumor-inhibiting phenotype, we have 
explored the use of our drug to enhance the 
potencies of other cancer immunotherapies,” 
he notes, adding that encouraging data from 
these unpublished studies have indicated 
that perhaps the most beneficial indication 
for FA-TLR7 might lie in augmenting other 
cancer immunotherapies.

Low states that the new treatment is 
“totally unique” and has been shown to 
work in six different tumor types. So far, 
the treatment has been tested in human 
tumor cells in the laboratory and in human 
tumors in animal models.

This approach targets immune cells 
that the body uses to put the brakes on an 
immune response, he explains—in other 
situations, after an illness or injury, the body 
employs these immune suppressor cells to 
stop the normal healing response in order to 
prevent the response from careening out of 
control, just as you would use brakes in a car. 
But in cancerous tumors, these cells have an 
unwelcome and disastrous effect: they hit 
the brakes at the wrong time and stop the 
body’s own defenses from killing the tumor.

“We can reprogram the immune cells 
within the tumor to help kill the tumor 
instead of allowing these cells to help the 
tumor grow,” Low comments. “It’s just been 
realized recently that as a global approach 
to eradicating a solid tumor, we need 
to also treat the healthy, non-malignant 
cells in the tumor.”

Low tells DDN that depending on the type 
of cancer, 30 to 80 percent of the cells in a 
solid tumor are not cancer cells and are used 
in normal functions in other tissues.

“The difference—and this is a very impor-
tant difference—is that after these cells infil-
trate a solid tumor mass, they are retrained 
by the cancer cells to facilitate tumor 
growth,” he points out. 

“But even though the cancer cells are 
very specific to the type of cancer, so that 
the treatment for breast cancer is different 
from the treatment for brain cancer, which 
is different from the treatment for lung can-
cer, etc., these nonmalignant cells within 
the tumor microenvironment are often very 
similar from one tumor to the next,” Low says. 
“So a drug that corrects the misbehavior of 
these nonmalignant cells could be used to 
treat most solid tumors.”

In this technique, an anticancer drug 
that would normally be too toxic for human 
use is linked to folate, which is a type of 
vitamin B. Almost no normal cells have a 
receptor for the folate.

“We use the vitamin folate to target attached 
drugs specifically to these nonmalignant cells 
within a tumor mass that, unfortunately, pro-
mote tumor growth,” Low explains. “These 
tumor-associated macrophages love folate. 
They have an enormous appetite for it. They 
take it up right away, and if they don’t, the 
compound passes in the urine within about 
30 minutes. So, we’re using folate as a kind 
of Trojan horse to trick the tumor-promoting 
immune cells into eating a drug that will repro-
gram them into tumor-fighting immune cells.”

Part of the drug development effort will be 
to ensure that the drug payload, which would 
be lethal to a patient by itself, is released solely 
within the tumor-promoting macrophage cells.

According to Ratliff, this treatment may 
prove to be more universally effective than 
current cancer immunotherapies.

“There are therapeutic antibodies that are 
used on some types of cancer,” Ratliff says. 
“And many people have heard of checkpoint 
immunotherapies, which block certain parts 
of the immune response.

“When I talk to groups, I always point 
out that former President Jimmy Carter had 
metastatic brain cancer, and he went through 
immunotherapy, and it eliminated the cancer 
for him. But the problem is, only about 20 
percent of the patients actually respond. So, 
we need to take a different approach to modu-
lating the immune response.”

The folate-targeted approach is exciting, as 
per Ratliff, because it is the first research proj-
ect that has found a way to target the cells that 
boost tumor growth in the tumor environment.

“These are cells that are important to the 
tumors, but they aren’t the tumor cells them-
selves,” he stated. “By targeting these myeloid 
cells within the tumor, we have a universal 
process because these cells are present in all 
of the solid tumors.”

Ratliff noted that getting a therapy like this 
to market usually takes a decade, but “I think 
there’s a reasonable chance this could make 
it to the public within seven years or some-
thing like that. It would probably cost a couple 
hundred million dollars, at the very least, to 
develop and test this drug. 

“It’s not going to be cheap, and it’s not 
going to be easy, but this drug has enor-
mous potential to save many lives. So, we 
will do our best.” n

“The novel aspect of our strategy is that we have targeted a very potent immune system activating drug selectively to tumor associated macrophages 
and myeloid-derived suppressor cells within the tumor microenvironment,” says Philip Low, Purdue University’s Presidential Scholar for Drug Discovery, 
of a potential new universal approach to eliminating solid tumors. Illustrated here is a migrating breast cancer cell; Low says the approach has been 
shown with in-vitro and animals models to work in six different tumor types so far.

Researchers at Purdue University believe they may be the first to overcome barriers to using TLR7 
agonists for systemic administration against cancer.

C
R

E
D

IT
: P

U
R

D
U

E
 U

N
IV

E
R

S
IT

Y



Extending a new option  
with ExteNET
Puma reports that neratinib improved CNS outcomes  
in HER2-positive breast cancer patients
BY KELSEY KAUSTINEN

LOS ANGELES—Among the many industry 
shows and events that went virtual due to 
COVID-19 was the 2020 Virtual San Antonio 
Breast Cancer Symposium, at which Puma 
Biotechnology, Inc. shared efficacy data for 
neratinib in HER2-positive early-stage breast 
cancer. The results were also published in 
Clinical Breast Cancer.

The results came from the Phase 3 Exte-
NET trial, a multicenter, randomized, 
double-blind trial of 2,840 patients with 
HER2-positive early-stage breast cancer 
who received neratinib after neoadjuvant 
and/or adjuvant therapy with chemother-
apy and trastuzumab. Patients were strati-
fied by hormone receptor (HR) status and, 
once randomized, received either oral nera-
tinib 240 mg/day or placebo for one year. 
ExteNET’s primary endpoint was invasive 
disease-free survival (iDFS), with second-
ary endpoints including overall survival and 

cumulative incidence of central nervous sys-
tem (CNS) metastases.

“Descriptive analyses suggest that neratinib 
may be associated with longer overall survival 
in subgroups of clinical interest and in the high-
risk patient subgroup with residual disease 
after neoadjuvant therapy who are at a high 
risk of disease recurrence,” said Alan H. Auer-
bach, president and CEO of Puma Biotech-
nology. “Although there have been many new 
treatment options for patients with early-stage 
HER2-positive breast cancer, the risk of disease 
recurrence—and more specifically, CNS recur-
rence—remains significant, and more must be 
done. These newly published data demonstrate 
that neratinib provides a clinically meaningful 
reduction in the risk of recurrence and CNS 
recurrence, and provides a very important 
option for these high-risk patients.”

The trial endpoints were analyzed in three 
groups: (i) the intent to treat (ITT) population; 

(ii) patients with HR+ breast cancer who initi-
ated treatment within one year of completing 
a regimen with adjuvant trastuzumab; and (iii) 
patients with HR+ breast cancer who initi-
ated treatment within one year of completing 
a regiment with adjuvant trastuzumab and 
who did not achieve a pathological complete 
response (no pCR), and therefore were at a 
high risk of recurrence.

In the ITT population, 127 of 1,420 patients 
(8.9 percent) in the neratinib group and 137 
of 1,420 patients (9.6 percent) in the placebo 
group died as of the analysis cut-off date (July 
2019). The estimated eight-year overall surviv-
al (OS) rates were 90.1 percent in the neratinib 
group and 90.2 percent in the placebo group. 
The cumulative incidence of CNS metastases 
at five years was 1.3 percent for the neratinib 
cohort and 1.8 percent for placebo, while the 
estimated CNS disease-free survival at five 
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Positive news for  
hemophilia B patients
LONDON—Freeline Therapeutics Holdings 
plc’s Phase 1/2 B-AMAZE trial, which evalu-
ated its AAV gene therapy candidate FLT180a 
for patients with severe hemophilia B, pro-
vided the company with some good data to 
end the year on. 

FLT180a resulted in durable factor IX (FIX) 
activity up to a period of almost three years, 
with no reported bleeds that required supple-
mentation. Freeline stated in a press release 
that the results support moving ahead to 
determine a dosing regimen that could keep 
FIX activity at normal levels.

Theresa Heggie, CEO of Freeline, 
remarked, “These updated data support the 
potential for our FLT180a gene therapy prod-
uct candidate for hemophilia B to provide a 
functional cure with FIX activity in the normal 
range. Based on the feedback from our recent 
meetings with regulatory agencies, we aim 
to initiate our pivotal Phase 2b/3 study in the 
second half of 2021. 

“We look forward to continued progress 
of our FLT180a program as we work towards 
achieving our mission of providing func-
tional cures for patients with hemophilia B, 
enabling them to lead unconstrained, active 
lives, without fear of spontaneous or trauma-
related bleeding events.”

PXL770 performs well  
in NASH patients with  
type 2 diabetes
LYON, France—POXEL SA shared updated 
results from its Phase 2a STAMP-NAFLD trial 
for PXL770, a first-in-class, oral direct adenos-
ine monophosphate-activated protein kinase 
activator.  The trial was a 12-week, random-
ized, parallel group study in 120 presumed 
non-alcoholic steatohepatitis (NASH) patients 
with or without type 2 diabetes (T2DM), and 
evaluated three dosing regimens vs. placebo. 

In patients with T2DM, PXL770 treatment 
led to a -27 percent mean relative reduction 
in liver fat content at 500 mg once per day vs. 
baseline. In the latest analysis of the study’s 
diabetic participants, POXEL saw an increase 
in the proportion of responders, with a greater 
than 30 percent reduction in liver fat. 

Additionally, baseline fasting glucose and 
HbA1c levels in these patients—121 to 144 
mg/dL and 6.6 to 7.1 percent, respectively—
were well controlled and placebo-adjusted 
decreases were seen in both parameters as 
well as in HOMA-IR and QUICKI scores, com-
monly used fasting indexes of insulin sensitiv-
ity. POXEL intends to conduct a Phase 2b trial 
in patients with noncirrhotic biopsy-proven 
NASH and coexisting prediabetes or T2DM.

trials+studies
clinical

Ibrexafungerp advances the fight 
against fungus
IV compound enters Phase 1, following FDA Priority Review and Fast Track 
designations for oral formulation

BY MEL J. YEATES

JERSEY CITY, NJ—In December, SCYNEXIS 
Inc. reported progress on ibrexafungerp’s 
intravenous (IV) formulation and provided 
an update on the therapy’s ongoing Phase 3 
studies in the hospital setting. SCYNEXIS has 
completed preclinical testing of its liposomal 
IV formulation of ibrexafungerp, and is moving 
the program into human trials in South Africa. 

The Phase 1 trial will evaluate the safety, tol-
erability, and pharmacokinetics of IV ibrexa-
fungerp in healthy subjects. SCYNEXIS has 
been granted approvals from the health author-
ity and ethics committee, and the company 
plans to start dosing in the first quarter of 2021.

SCYNEXIS has collected data from another 
43 patients who have completed treatment in 

the FURI and CARES open-label studies. A Data 
Review Committee of independent experts is 
assessing the efficacy of oral ibrexafungerp 
in this combined third interim analysis. The 
FURI study is evaluating oral ibrexafungerp as 
a salvage treatment in patients with a variety 
of difficult-to-treat mucocutaneous and inva-
sive fungal infections that are refractory to or 
intolerant of current standards of care, or that 
require a non-azole oral step-down therapy for 
treatment of azole-resistant species. 

“Ibrexafungerp targets a specific pro-
tein responsible for making the fungal cell 
wall (glucan synthase),” explains Dr. Marco 
Taglietti, president and CEO of SCYNEXIS. 
“While another class of antifungals—the 

echinocandins—also targets this enzyme, 
ibrexafungerp targets a structurally distinct 
region, and to date there has been no evi-
dence of cross resistivity. Echinocandins 
are also only available intravenously, limit-
ing its potential use as a long-term or out-
patient treatment option.”

“Ibrexafungerp’s oral formulation is ideal for 
long treatment durations, so it can potentially 
be used as an oral step-down after IV echi-
nocandins for patients with azole-resistant 
infections. To date, our preclinical and toxi-
cology data may suggest that ibrexafungerp 
has a similar safety and efficacy profile in both 
oral and IV administration routes,” he adds. 

FUNGUS CONTINUED ON PAGE 24
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years for the two groups was was 97.5 percent 
and 96.4 percent, respectively.

In the HR+/ <1 year patient population, 53 
of 670 patients (7.9 percent) in the neratinib 
group and 68 of 664 patients (10.2 percent) 
in the placebo group died. Estimated eight-
year OS rates were 91.5 percent in the nera-
tinib group and 89.4 percent in the placebo 
group, for a 2.1-percent absolute benefit. The 
cumulative incidence of CNS metastases at 
five years was 0.7 percent in the neratinib 
cohort and 2.1 percent in placebo, while the 
estimated CNS disease-free survival at five 
years for the two cohorts was 98.4 percent 
and 95.7 percent, respectively.

In the HR+ no pCR subgroup, eight-year 
OS rates of 91.3 percent were seen in the nera-
tinib group and 82.2 percent in the placebo 
group, for a 9.1-percent absolute benefit. In 
the HR+/ <1 year group with a pCR (n=38), 
patients in the neratinib arm saw eight-year 
OS rates of 93.3 percent while patients in 
the placebo arm saw 73.7 percent, for a 

19.6-percent absolute benefit. The cumula-
tive incidence of CNS metastases at five years 
was 0.8 percent in the neratinib arm and 3.6 
percent in the placebo arm, with an estimated 
CNS disease-free survival at five years of 98.4 
percent and 92.0 percent, respectively.

“These descriptive analyses in HR+ 
patients who received neratinib within one 
year of completing trastuzumab and did not 
achieve a pCR post-neoadjuvant therapy sug-
gest that neratinib may be associated with 
improved OS in this high-risk group (HR 0.47, 
absolute benefit 9.1 percent). Importantly, 

neratinib is the first HER2-directed agent 
to show a trend towards improved CNS out-
comes in early-stage HER2-positive breast 
cancer, with consistently fewer CNS events 
observed in the neratinib arm compared 
with placebo in all groups evaluated,” stated 

Dr. Frankie Ann Holmes of Texas Oncology 
Houston–US Oncology Research, an investi-
gator of the ExteNET trial.

As many as 20 percent of breast cancer 
patients present with tumors that over-
express the HER2 protein, and HER2-
positive breast cancer is frequently more 

aggressive than other breast cancer types. 
According to a Puma Biotechnology spokes-
person, “It is estimated that when there is a 
recurrence, an estimated 30 to 50 percent of 
the recurrences occur in the CNS.”

“The goal of early-stage treatment for 
HER2-positive early-stage breast cancer is to 
reduce the risk of recurrence,” the spokes-
person tells DDN. “After a patient completes 
standard-of-care treatment with an adjuvant 
trastuzumab-based therapy, neratinib is the 
only drug that is approved in the extended 
adjuvant treatment of these early-stage 
patients to reduce the risk of recurrence. It 
is estimated that up to 25 percent of patients 
treated with trastuzumab experience recur-
rence within 10 years, the majority of which 
are metastatic recurrences.”

Beyond breast cancer, Puma Biotech-
nology’s spokesperson also notes that the 
company is evaluating neratinib in patients 
with “cervical cancer and other solid tumors 
that have a HER2 mutation, as well as in 
patients with lung cancer who have an EGFR 
mutation in exon 18.” n

“However, an IV formulation would allow us 
to reach the most vulnerable patients in the 
hospital setting that are commonly the victims 
of severe fungal infections.”

The CARES study is focused on hospitalized 
patients with invasive candidiasis caused by 
multidrug-resistant Candida auris. SCYNEXIS 
plans to report results on this group of patients 
in the first quarter of 2021, bringing the total 
data set to 84 patients from FURI and CARES. 
The company has designed each study to sup-
port a potential future New Drug Application 
(NDA) submission through the FDA’s Limited 
Population Pathway for Antibacterial and Anti-
fungal Drugs program.

“As we prepare for our first commercial 
launch of oral ibrexafungerp in the commu-
nity setting in 2021, we are also excited about 
advancing ibrexafungerp for patients with seri-
ous and life-threatening infections in the hos-
pital setting,” Taglietti said. “The analysis of our 
CARES study will provide the first clinical trial 
data of an investigational treatment against Can-
dida auris, a multidrug-resistant fungus deemed 
an urgent threat by the CDC.”

“Ibrexafungerp has been shown in multiple 
preclinical and clinical settings to be effec-
tive against a broad range of pathogens, even 
against the most drug-resistant fungal strains. 
At SCYNEXIS, we believe that now more than 

ever, there is a growing need for innovation in 
the anti-infective field to combat the threat of 
evolving pathogens today to prevent a pandemic 
tomorrow,” he notes.

SCYNEXIS has also reported that the FDA 
accepted ibrexafungerp’s NDA for the treat-
ment of vulvovaginal candidiasis (VVC). The 
FDA granted this application Priority Review, 
and has set a target action date of June 1, 2021.

“The acceptance of this NDA marks a 
major milestone toward our goal of bring-
ing to market the first new class of antifun-
gals in over 20 years, and the first new oral 
treatment in more than 25 years, to the mil-
lions of women suffering from vaginal yeast 
infections,” Taglietti pointed out. “As the 
first oral, non-azole treatment for this par-
ticularly symptomatic condition, we believe 
ibrexafungerp has the potential to change the 
antifungal treatment landscape.”

The NDA is supported by positive results 
from two Phase 3 studies (VANISH-303 and 
VANISH-306), in which oral ibrexafungerp 
demonstrated statistically superior efficacy 
and a favorable tolerability profile in VVC.

“To date, ibrexafungerp has shown rele-
vant attributes for treatment of vaginal yeast 
infections, such as enhanced activity at low 
vaginal pH, broad-spectrum activity includ-
ing fluconazole-resistant Candida strains, and 
high vaginal tissue penetration,” says Taglietti, 
noting that unlike antifungals such as flucon-
azole, which are fungistatic, ibrexafungerp is 
actually fungicidal.

“Enrollment is ongoing in our Phase 3 
CANDLE study evaluating oral ibrexafungerp 
for the prevention of recurrent vaginal yeast 
infections ... We expect to share top-line results 

and submit a second NDA for this indication 
in the second half of 2021,” he comments.

The FDA has granted ibrexafungerp Quali-
fied Infectious Disease Product (QIDP) and 
Fast Track designations for treatment of 
VVC, and prevention of recurrent VVC. 
Under QIDP designation, ibrexafungerp 
will receive five years of market exclusivity, 
in addition to five years of exclusivity as a 
new chemical entity.

“The FDA acceptance and priority review 
of the NDA for oral ibrexafungerp for the 
treatment of vaginal yeast infections is a 
significant milestone both for the company 
and treatment landscape,” Taglietti contin-
ues. “We are continuing preparations for a 
U.S. commercial launch for the second half 
of 2021, pending FDA approval.

“In parallel, given the almost 15 years of 
exclusivity of this novel agent, we continue 
to advance other indications—as label expan-
sion in VVC with the prevention of recur-
rent VVC in the second half of 2021, [and] 
also as a critical medication to treat severe, 
and often life-threatening, fungal infections 
in the hospital setting. We believe ibrexa-
fungerp can have a significant impact in 
multiple segments and become a critical 
franchise in the world of fungal infections.” n

Importantly, neratinib is the first HER2-directed agent to  
show a trend towards improved CNS outcomes in early-stage 
HER2-positive breast cancer, with consistently fewer CNS 
events observed in the neratinib arm compared with placebo  
in all groups evaluated.”
- Dr. Frankie Ann Holmes, an investigator in the ExteNET trial
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According to SCYNEXIS CEO Dr. Marco Taglietti, ibrexafungerp data have shown “relevant attributes for treatment of vaginal yeast infections,” 
including broad-spectrum activity against fluconazole-resistant Candida strains.

“Ibrexafungerp’s oral formulation is ideal for long treatment durations, so it can potentially be 
used as an oral step-down after IV echinocandins for patients with azole-resistant infections,” 
notes Dr. Marco Taglietti, president and CEO of SCYNEXIS. “To date, our preclinical and 
toxicology data may suggest that ibrexafungerp has a similar safety and efficacy profile in both 
oral and IV administration routes.”
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Intratumoral therapy
Plasmid DNA delivery platform looks promising  
for metastatic melanoma therapy

BY ILENE SCHNEIDER

PENNINGTON, NJ & SAN DIEGO—OncoSec 
Medical Incorporated, a late-stage biotech-
nology company developing immunotherapy 
cancer treatments using a plasmid DNA deliv-
ery platform, announced encouraging data for 
patients with aggressive metastatic melanoma 
who have no effective treatment options after 
they fail to respond to the standard of care—
checkpoint inhibitor therapy—alone. At an 
investor conference in late 2020, OncoSec 
described its treatment regimen as a multi-
billion-dollar market opportunity.

OncoSec’s positive interim data were 
from its KEYNOTE-695 registration-enabled 
Phase 2b clinical trial evaluating TAVO 
(tavokinogene telseplasmid), a DNA plas-
mid-based interleukin-12 (IL-12), in com-
bination with Keytruda (pembrolizumab) 
in rigorously defined anti-PD1 checkpoint- 
resistant metastatic melanoma patients. The 
results demonstrated a 30-percent (16/54) 
overall response rate in the first 54 of 100 
planned patients. The complete response 
rate was 6 percent (3/54), and responses 
were durable up to 2 years.

OncoSec’s gene therapy technology com-
bines TAVO with an intratumoral electro-
poration gene delivery platform. This is 
designed to achieve endogenous IL-12 pro-
duction in the tumor microenvironment 
that allows the immune system to target 
and attack tumors throughout the body. 
TAVO has demonstrated a local and systemic 
antitumor response in several clinical trials, 
including the pivotal Phase 2b trial KEY-
NOTE-695 for metastatic melanoma and 
the KEYNOTE-895 Phase 2 trial in triple-
negative breast cancer (TNBC). TAVO has 
received Orphan Drug and Fast-Track des-
ignations by the FDA for the treatment of 
metastatic melanoma following progression 
on Keytruda or Opdivo.

Using electroporation, an electric current 
that triggers the uptake and production of 
IL-12 locally, TAVO is administered directly  

into the tumor site in only a few minutes. 
This enables the immune system to tar-
get and attack both local and metastatic 
tumors throughout the body while avoid-
ing toxic side effects. The differentiated 
platform delivers a proprietary therapeutic 
that enables a patient’s own tumor cells to 
express IL-12 and become responsive to 
checkpoint inhibitors.

“The TAVO-electroporation (TAVO-EP) 
delivery system works by optimizing cellular 
uptake of DNA-based IL-12 in the tumor micro-
environment, leading to local, sustained produc-
tion of IL-12 in the tumor, where it matters, with 
negligible systemic exposure,” according to Dr. 
Adil Daud of the University of California, San 
Francisco, who is professor of medicine, the 
director of melanoma clinical research, and lead 
author of the study. “This methodology captures 
and primes immune cancer-fighting cells in the 
tumor, leading to systemic immune responses 
without systemic toxicity. The totality of the 
safety and efficacy data establishes TAVO-EP 
as a best-in-class intratumoral therapy.”

“Achieving an overall response rate of 30 
percent with several complete responses 
and no serious adverse events is extreme-
ly encouraging for checkpoint-resistant 
metastatic melanoma patients who cur-
rently rely on systemic administration of 
immune-stimulating drugs associated with 
severe toxicity,” said Dr. Paolo A. Ascierto, 
director of the Unit of Melanoma, Cancer 
Immunotherapy and Innovative Therapy at 
the National Tumor Institute Fondazione G. 
Pascale in Naples, Italy. “The data reported, 
in addition to its ease of use, demonstrate 
the potential of TAVO in combination with 
pembrolizumab as a next-generation intratu-
moral IL-12 therapy that can induce regres-
sion of both locally treated and untreated 
distant and visceral lesions.”

As Daniel O’Connor, CEO of OncoSec, 
explained, “Patients with recurrent meta-
static melanoma are in great need of effec-
tive treatment options. We believe this data 
demonstrates not only strong levels of effi-
cacy, but also very low treatment-related 
adverse events with the TAVO + pembroli-
zumab combo. This, combined with its ease 
of administration to accessible lesions within 
minutes in an outpatient setting, plus TAVO’s 
low-cost, simple manufacturing process and 
its off-the-shelf availability, build a strong case 
that the TAVO + pembrolizumab combina-
tion, in a real-world setting, could equip clini-
cians with more options for their patients.”

Approximately 100,000 American adults 
per year are diagnosed with metastatic mela-
noma—stage IV melanoma that has typically 
spread through the lymph nodes to distant 
sites in the body such as the liver, lungs, 
bones, and brain. Because of this metastatic 
tumor burden, stage IV melanoma can be very 
difficult to treat. Available treatment options 
often combine surgery with immunotherapy 
or targeted therapy, but the five-year surviv-
al rate for metastatic melanoma patients is 
only about 25 percent. n

“Patients with recurrent 
metastatic melanoma are  
in great need of effective 
treatment options.  
We believe this data 
demonstrates not only strong 
levels of efficacy, but also  
very low treatment-related 
adverse events with the TAVO 
+ pembrolizumab combo.”
- Daniel O’Connor, CEO of OncoSec

OncoSec has high hopes for its 
plasmid DNA delivery platform in 

the treatment of aggressive 
metastatic melanoma.

Chimerix 
acquires 
Oncoceutics
Move will expand 
Chimerix pipeline  
with late-stage  
oncology program

DURHAM, NC—Chimerix, a bio-
pharmaceutical company focused 
on accelerating the development 
of medicines to treat cancer and 
other serious diseases, in January 
announced that it had acquired 
Oncoceutics Inc., a privately held, 
clinical-stage biotechnology com-
pany developing imipridones, a 
novel class of compounds. The 
move is in part intended to expand 
the Chimerix pipeline with a late-
stage oncology program.

Oncoceutics’ lead product candi-
date, ONC201, has been shown in 
clinical testing to selectively induce 
cell death in multiple cancer types. 
ONC201 is currently in a registra-
tional clinical trial for recurrent H3 
K27M-mutant glioma, and a con-
firmatory response rate assessment 
is expected in 2021.

ONC201 is an orally administered 
small-molecule dopamine receptor 
D2 (DRD2) antagonist and casei-
nolytic protease (ClpP) agonist in 
late-stage clinical development 
for recurrent gliomas that harbor 
the H3 K27M mutation. 

“Patients with H3 K27M-mutant 
glioma are in desperate need of bet-
ter therapeutic alternatives,” said Dr. 
Patrick Wen, director of the Center 
for Neuro-Oncology at the Dana-
Farber Cancer Institute and profes-
sor of neurology at Harvard Medical 
School. “The tumor responses and 
safety profile we have observed with 
ONC201 in this devastating disease 
are compelling, and I look forward 
to the possibility of accelerating its 
delivery to patients.”

“Glioma remains one of the high-
est areas of unmet need in oncol-
ogy where even first-line radiation 
therapy, as well as temozolomide 
in eligible patients, is not meaning-
fully effective and subsequent thera-
pies are considered palliative,” said 
Mike Sherman, CEO of Chimerix. 
“Further, there are no molecularly 
targeted therapies for patients 
which harbor the H3 K27M muta-
tion in this life-limiting disease. 
Given the urgent need and based 
on discussions with the FDA, there 
is a potential accelerated path to 
approval based on overall response 
... Our team is uniquely positioned 
to advance ONC201, given our con-
siderable experience bringing tar-
geted oncology products through 
the regulatory process.” n
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AI is put to work on NASH biomarkers
iBiopsy study shows promise in diagnosing severity of disease in patients
BY LORI LESKO

SOPHIA ANTIPOLIS, France—Median 
Technologies, The Imaging Phenomics 
Company, recently announced the results of 
an artificial intelligence (AI)-based biomarker 
study which performed better than existing 
imaging biomarkers on evaluating the severity of 
hepatic fibrosis in non-alcoholic steatohepatitis 
(NASH) patients. If future studies hold true, 
doctors and medical professionals may one day 
use a new imaging biomarker extracted from 
MRI/MRE images to diagnose NASH early 
and save more lives.

Non-alcoholic fatty liver disease (NAFLD) 
affects 25 percent of the global population. 
For 20 percent of these patients, NAFLD 
leads to a more severe disease called NASH, 
according to the World Health Organization 
(WHO). Within the high-risk population of 
NASH patients, disease evolution can lead to 
cirrhosis and liver cancer.

“These initial results are exciting and show, 
once again, the relevance of our iBiopsy 
approach and the tremendous possibilities 
of AI-based technologies to extract hidden 
information from standard medical images 
and generate non-invasive biomarkers,” 
says Fredrik Brag, CEO and co-founder of 
Median. “These biomarkers are developed by 
considering the whole organ, in this case the 
liver. This is a particularly important point for 
the management of diffuse diseases such as 
NASH fibrosis, and an extremely important 
advantage when compared to biopsies, which 
give fibrotic scoring information solely 
based on a small sample.”

For the biopharmaceutical industry, “The use 
of a non-invasive test with strong discriminating 
power for the selection of patients to be included 
in NASH trials would make it possible to reduce 
the failure rates linked to patient recruitment, as 
well as decrease the costs of the trials,” he adds.

“NASH is a silent disease,” Brag tells DDN. 
“In the early fibrosis stages (F1 to F3), NASH 
evolution can be slowed down, even stopped 
by a change in lifestyle and eating habits, mean-
ing that diagnosing the disease early can save 
patients’ lives. There is currently no cure that is 
efficient against NASH, and finding the disease 
early can have a huge impact for patients and a 
major medical economic impact as well.”

Models estimate a rise in annual US economic 
burden to $103 billion from direct medical care 
costs ($1,613 per patients, 52 million patients), 
and another $188 billion in societal costs related 
to NAFLD. The estimated global prevalence of 
NAFLD is as high as one billion.

In the United States and the European Union, 
25 percent of the population has NAFLD, of 
which nearly 25 percent progress to NASH. 

NASH prevalence has increased steadily over 
the past few decades, as has the percentage of 
people with NASH who developed cirrhosis, 
liver failure, and/or hepatocellular carcinoma.

“Populations who have certain health 
conditions like obesity and conditions related 
to obesity—type 2 diabetes/pre-diabetes, 
high blood pressure, and abnormal levels of 
cholesterol—are at high risk of developing 
NAFLD, then NASH,” Brag remarks. “And some 
national and international recommendations 
exist providing guidelines for screening these 
high-risk populations. We are preparing the 
strategic regulatory paths in the US and EU, to 
bring iBiopsy to patients in the near future.

“Our next step is to validate our prelimi-
nary study results on larger and independent 
patient cohorts. We plan [for] new results to be 
published in 2021-22.”

A NASH prognosis mostly depends on 
the hepatic fibrosis grade, according to Brag. 
Hepatic biopsy is a method used to measure 
hepatic fibrosis severity. Due to its invasiveness, 
and sampling errors related to small sample size 
as well as spatial variation in degree of fibrosis, 
hepatic biopsy is not used as first indication 
for diagnostic purposes. In routine clinical 
practice, the assessment of the absence of 
advanced fibrosis of the liver is done by non-
invasive tests such as blood tests and hepatic 
elastography. The biopsy is, however, essential 
for the diagnosis of advanced NASH.

In its early stages, the disease remains 
reversible by a change in eating habits and 
lifestyle. The clinical interest is therefore to 
distinguish accurately and non-invasively 
patients with early fibrosis from patients with 
advanced fibrosis at risk of progressing to 
cirrhosis and liver cancer.

In this clinical context, the objective of 
Median’s preliminary retrospective study was 
to quantify the ability of iBiopsy’s learning 
algorithms to discriminate between early and 
advanced fibrosis grade in NASH patients.

MRE and MRI images from a cohort of 
NASH patients with F2-F3 fibrosis grades 
(n=152 observations), based on the NASH 
CRN score (F0-F4), were used to model the 
relationships between liver image features and 
early and advanced fibrosis histological grades. 
The performance of iBiopsy testing character-
ized by the area under the curve (AUROC) is 
0.90 with a specificity of 0.89 and a sensitiv-
ity of 0.86 for the diagnosis of advanced fibro-
sis (F3) based on MRE.

“In clinical routine, morphologic signs on 
MRI alone are unreliable and insufficient to 
detect even significant liver fibrosis,” Brag says. 
“However, using AI-based iBiopsy technologies 
applied on MRI, the prediction performance 
is encouraging with a specificity of 0.83 and 
a sensitivity of 0.72. We expect to further 
increase the accuracy through machine learning 
algorithm optimization.” n

BRIEFS

In pursuit of better  
cancer diagnostics
LUND, Sweden—Qlucore, along with experts 
from Lund University, Gothenburg University, 
and China, is working to develop new 
diagnostic methods and software products 
to enable better disease stratification and 
treatment selection for cancer patients. 

This effort is supported by a recent 
grant awarded to Qlucore by VINNOVA, the 
Swedish Governmental Agency for Innovation 
Systems, which will help the company expand 
Qlucore Diagnostics, its cancer diagnostic 
software solution that focuses on RNA-
profiling of glioma and acute leukemia. The 
software is being developed on a flexible, 
generic platform based on standardized next-
generation sequencing workflows.

“To improve cancer precision medicine, 
there is a need to more quickly move new 
research findings into clinical use. The 
VINNOVA grant will enable us to more rapidly 
develop a clinical grade diagnostics software 
tool that can be used by the individual clinical 
lab. This will be an important step for future 
development of precision cancer medicine,” 
Carl-Johan Ivarsson, president of Qlucore, 
commented in a press release.

AC Immune nets grant  
for detection assay
LAUSANNE, Switzerland—Clinical-stage bio-
pharmaceutical company AC Immune SA 
closed out December with the receipt of a 
grant from Target ALS to support a world-
class collaboration between AC Immune and 
investigators at the Healey Center for ALS at 
Massachusetts General Hospital. 

The collaborators will work together to 
advance development of AC Immune’s propri-
etary immuno-assays for detecting disease-
associated forms of TAR DNA-binding protein 
43 (TDP-43) in cerebrospinal fluid and blood 
samples. Pathological aggregation of TDP-
43 is linked to motor and cognitive decline 
and episodic memory loss in a number of 
neurodegenerative diseases, including 
ALS and Alzheimer’s disease. AC Immune’s 
SupraAntigen-based detection assays can 
inform on levels of aggregation-prone forms 
of TDP-43 in biofluids, which could enable 
earlier diagnosis.

Speaking of a new imaging biomarker method with its iBiopsy technology, Median CEO 
Fredrik Brag says, “The use of a non-invasive test with strong discriminating power for the 
selection of patients to be included in NASH trials would make it possible to reduce the failure 
rates linked to patient recruitment, as well as decrease the costs of the trials.”

research+development
diagnostics
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Ingestible capsule offers in-depth diagnostics
Progenity presents results on PIL Dx capsule in small intestinal bacterial overgrowth

BY JENNIFER CLIFFORD

SAN DIEGO—In late 2020, Progenity Inc. 
gave an oral presentation and showed a 
poster at the American College of Gastro-
enterology (ACG) virtual annual meeting 
regarding the Progenity Ingestible Labora-
tory Diagnostics (PIL Dx) capsule in small 
intestinal bacterial overgrowth (SIBO).

PIL Dx is an ingestible capsule with a built-
in assay and a fluorescent spectrophotometer. 
The capsule is designed to achieve targeted 
localization, collect and analyze intestinal fluid 
samples, and transmit data in real time without 
a need to recover the capsule, offering doctors 
a promising alternative for diagnosing SIBO—
and eventually, other difficult-to-diagnose 
gastrointestinal (GI) disorders.

The oral presentation was given by renowned 
gastroenterologist Dr. Satish Rao, who showed 
results of a multisite study of 66 subjects in 
which a benchtop version of the Progenity SIBO 
assay showed 94-percent agreement with the 
current standard of endoscopic aspiration and 
total bacterial count. 

In conjunction, the poster presentation 
focused on physician research and expert 
analysis of the need for a novel SIBO 
diagnostic. Also, it showed a clear physician 
preference for the PIL Dx product concept over 
existing testing options.

“I am very pleased with the results of our 
collaborative research. Our data highlight the 
potential for innovative technologies, such 
as those being developed by Progenity, to 
advance the field and provide less invasive, 
yet accurate tools to diagnose SIBO,” said 
Rao, who is a professor of medicine in the 
Medical College of Georgia at Augusta 
University. “The studies showcased at 
ACG indicate promising progress towards 
ingestible, autonomous assays that could one 
day become a gold standard in GI diagnostics, 
where today, none exist.”

SIBO is an abnormal overgrowth of bacte-
ria in the small bowel. With signs and symp-
toms that overlap with other gastrointestinal 
diseases, it can be difficult to diagnose, lead-
ing to over 100 million patient visits in the 
United States annually. Current diagnostic 
methods are invasive, costly, and inaccurate, 
which often leads to the use of antibiotics 
without a clear diagnosis.

While current methods—including endos-
copy and bacterial count—may take up to seven 
days, the ingestible pill would provide doc-
tors with results within 24 hours. The system 
has three components: a capsule, a wearable 
receiver, and analysis software. The capsule is 
a single-use device swallowed by the patient. 
The capsule determines its location in the diges-
tive tract, collects a sample, and performs an 
onboard assay to measure metabolites, proteins, 
nucleic acid biomarkers, and bacterial load. The 
results are wirelessly communicated from the 
wearable receiver to the software for review 
and evaluation using Progenity’s analytics and 
bioinformatics technologies.

This platform has broad application poten-
tial, including characterization of disease 
through detailed assessment of the small intes-
tinal epithelial interphase, which could lead 
to identification of diagnostic biomarkers and 
therapeutic targets and pathways. Additionally, 
the platform may enable development of early 
pharmacodynamic evidence for drug efficacy 
and prediction of therapeutic response, which, 

if successful, should increase the efficiency 
of drug development.

Currently, the Smart Capsule Bacterial Detec-
tion System, or SCBDS capsule, has undergone 
a series of validation and verification tests of 
the various subsystems and evaluations of the 
localization algorithm. The autonomous local-
ization technology is based on a proprietary 
LED light and photodetector sensor array that 

detects reflected light in the GI tract, and uses a 
proprietary algorithm to determine anatomical 
locations of interest—for example, the pyloric 
and ileocecal transition. In three clinical stud-
ies evaluating the localization technology, local-
ization of the capsule was confirmed either 
by CT scan or scintigraphy. In addition, these 
studies proved the performance of the commu-
nication subsystem as data was transmitted to 
a wearable receiver.

The primary objective of the multi-site clinical 
study presented at the ACG conference was to 
examine the in-vitro accuracy of the SCBDS bac-
terial concentration assay against the standard 
clinical measurement of total bacterial count 
from duodenal aspirate obtained via endoscopy.

The study enrolled 54 patients suspected of 
SIBO across two sites and 12 patients undergo-
ing upper endoscopy for all indications at one 
site for a total of 66 patients across the three 
sites. The primary analysis was the agreement 
between the SCBDS assay and the standard total 
bacterial count at identifying bacterial concen-
trations greater than 105 colony forming units 

per milliliter of intestinal fluid, which is the 
generally accepted definition of SIBO. Progen-
ity reported that across the 66 patients, there was 
94-percent agreement between the SCBDS assay 
and total bacterial count.

Progenity’s ingestible onboard assays are cur-
rently being developed to aid in the diagnosis 
of numerous GI disorders. This platform tech-
nology has the potential to become the gold 
standard for noninvasive evaluation of the intes-
tines, enabling a more personalized approach 
to patient management. Progenity is developing 
a broad test menu for this diagnostic platform, 
including tests for irritable bowel syndrome, 
nonalcoholic steatohepatitis, colon cancer, and 
inflammatory bowel disease. 

The company’s ingestible diagnostic 
platform is designed to collect and analyze 
mucosal fluid while in transit through the 
intestines, transmitting analysis data to a 
wearable device, with no ingestible device 
recovery needed and no sample to send to the 
lab. Onboard assays will perform pre-specified 
analysis including measurement of microbes, 
proteins, nucleic acids, and pharmaceuticals.

“The enthusiastic reception of these data by 
the GI community points to the clear unmet 
need for new tools to better diagnose and dif-
ferentiate SIBO from other gastrointestinal 
disorders. Our PIL Dx technology, a digital 
laboratory in a capsule, promises to provide a 
simple, more rapid, and relatively non-invasive 
solution, with accuracy comparable to current 
reference standards,” stated Dr. Harry Stylli, 
CEO, chairman and co-founder of Progenity. 
“These studies represent the achievement of 
a critical milestone as we continue to advance 
our PIL Dx platform towards preclinical and 
clinical studies in 2021, and ultimately to com-
mercialization. Our goal is to offer true preci-
sion medicine by combining novel diagnostics 
and therapeutic solutions.” n

“These studies represent the achievement of a critical 
milestone as we continue to advance our PIL Dx platform 
towards preclinical and clinical studies in 2021, and 
ultimately to commercialization.”- Dr. Harry Stylli, CEO of Progenity

Ingestible diagnostic 
capsules present a potential 
method of identifying, 
assessing, and treating 
difficult-to-diagnose 
gastrointestinal disorders.
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Drug dissolution solution
Researchers develop method of assessing time-release drugs 

BY ILENE SCHNEIDER

RIVERSIDE, Calif.—How do pharmaceutical 
companies determine how a drug dissolves 
in the body, so that a time-release drug is 
releasing slowly into the bloodstream to 
provide benefits over the specified period of 
time? Drug dissolution must be measured 
under laboratory conditions that closely 
simulate what happens in the body. 

Otherwise, if a drug dissolves too slowly 
or too quickly, the results can be disastrous. 
For instance, OxyContin, which contains 
the opiate oxycodone, was supposed to offer 
12-hour pain relief—but it dissolved much 
faster in some patients, causing them to take 
it more frequently and become addicted.

Researchers at the University of California, 
Riverside, have developed a simple, 
inexpensive way to measure drug dissolution 
that should help pharmaceutical companies 
to create better and more consistent time-
release drug products. As corresponding 
author William Grover, an associate professor 
of bioengineering at the Marlan and Rosemary 
Bourns College of Engineering at UC 
Riverside, explained, “We directly measured 
dissolution profiles of single drug granules, 
which are the little spheres you see when you 
open up a capsule. We accomplished this using 
a vibrating tube sensor, which is just a piece of 
glass tubing bent in the shape of a tuning fork.”

In an article in Scientific Reports, Gro-
ver, doctoral student Heran Bhakta, and 

BRIEFS
Driving digital validation
SAN FRANCISCO—ValGenesis Inc. shared news 
in December that the Equipment Commissioning 
and Qualification process at Biocon Biologics 
has been digitized thanks to ValGenesis VLMS, 
the company’s electronic validation lifecycle 
management system. The new system is expected 
to significantly boost compliance and efficiency 
within the validation process.

Biocon Biologics, a subsidiary of Biocon, is an 
integrated “pure play” biosimilars organization, 
and the company’s chief quality officer, Thibaud Du 
Merle, said, “The implementation of ValGenesis’ 
digitized Validation Lifecycle Management Sys-
tem is part of our digital transformation journey 
and will bring in a high degree of seamless control 
over our complex validation processes.”

“We are excited at the immense possibilities 
for growth with Biocon Biologics. With ValGenesis 
VLMS, the company has a unique opportunity to 
examine and optimize their validation processes 
to maximize effectiveness and compliance,” Dr. 
Siva Samy, CEO and chief product strategist at 
ValGenesis, remarked in a press release. “The 
scalable and configurable nature of ValGenesis 
VLMS will enable Biocon Biologics’ quality 
leaders to monitor the validation status of their 
instruments, equipment, software systems, 
and processes remotely and in real time across 
multiple sites. We are pleased to help accelerate 
this iconic company’s digital transformation 
journey that it had embarked on to meet new 
millennium opportunities.”

Integrated lab monitoring
SAN DIEGO & CAMBRIDGE, Mass.—A new life-
sciences option will be available soon, as Biosero 
Inc. and Elemental Machines have announced that 
they will integrate their respective technologies 
to provide a combined tech solution that can 
connect with laboratory instruments and ambient 
environmental sensors. 

Biosero’s Green Button Go Automation 
Scheduling Software is a device- and data-agnostic 
platform that integrates end-to-end lab workflows, 
while Elemental Machines’ AI-powered platform 
monitors instruments, facilities, and environments 
24/7 for any anomalies outside of normal ranges. 
The integrated offering will capture granular data 
about environmental variables such as light, 
humidity, and temperature, and will pull data 
directly from instruments to enhance end-to-end 
workflows in the lab.

Noted Sridhar Iyengar, CEO and founder of 
Elemental Machines:“The combined benefit of 
data aggregation and workflow management 
allows scientists and researchers to optimize 
manual or automated workflows.”

“Biosero and Elemental Machines’ 
collaboration provides an unmatched path for 
scientists to ensure data reproducibility and 
accuracy using all the available devices in the 
lab,” added Tom Gilman, CEO of Biosero. “It’s 
the data that matters, and with a uniform data 
and analytics platform, scientists can execute 
on that data to make better decisions and 
accelerate discovery.”

A cHAT about chemistry
Rice University chemists detail a greener way to make  
pharmaceutical intermediates

BY LORI LESKO

HOUSTON—Aimed at providing a greener 
environment, Rice University scientists have 
developed a method to reduce alkenes—
molecules used to simplify synthesis—
to more useful intermediates for drugs 
and other compounds via a dual-catalyst 
technique known as cooperative hydrogen 
atom transfer, or cHAT.

The process enables the hydrogenation 
of alkenes, hydrocarbons that contain a car-
bon-carbon double bond, to be performed 
in a simpler, less costly, and more environ-
mentally friendly way.

The work by Rice chemist Julian West and 
postdoctoral researcher Padmanabha Kat-
tamuri is detailed in the Journal of the Ameri-
can Chemical Society.

In each step of the process, a catalyst 
contributes a single electron and a proton. The 
cHAT method is for both reactions to happen 
in one synergistic process, with the second 
catalyst taking over as soon as the first is done.

“The fundamental reaction of hydrogenation 
is super useful for making molecules,” says 
West, who joined Rice last year with funding 
from the Cancer Prevention and Research 

Institute of Texas (CPRIT). “There are a few 
elements that are really good at this, and can do 
a lot of different transformations, but they’re 
very expensive and not the most sustainable.”

“The practical application of cHAT is to 
make drug molecules more quickly, efficiently 
and with less waste,” West tells DDN. “It uses 
a cheap, non-toxic metal (iron) and works in 
ethanol, which is a cheap and green solvent. 
This can be a big savings over methods that use 
rare, precious metals like palladium, iridium, 
rhodium, and platinum. The method is so new 
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Researchers at UC Riverside have developed what they say is a simple, inexpensive way to 
measure drug dissolution that should help pharmas create better and more consistent time-
release drug products.



A helping hand from Hemibody
MorphoSys licenses Hemibody technology from Cherry Biolabs in  
hopes of improving T cell-based therapeutics
BY KELSEY KAUSTINEN

PLANEGG, Germany—MorphoSys AG has 
joined forces with Cherry Biolabs GmbH, a 
spinoff from the University Hospital Würz-
burg, for a licensing agreement focused on 
Cherry Biolabs’ Hemibody technology. The 
agreement grants MorphoSys the rights to 
leverage Cherry Biolabs’ platform against 
six exclusive targets, and the companies 
believe it will provide an opportunity to 
generate novel T cell-engaging therapeu-
tics with better safety and precision pro-
files. No financial details were disclosed.

“As part of its internal research efforts, 
MorphoSys is continuously looking to 
add new cutting-edge technologies with 
the aim of generating differentiated, 
more efficacious and safer antibody-
based therapeutics for its proprietary 
pipeline, and the licensing agreement 
with Cherry Biolabs is an important 
step towards developing new treatments 
for cancer patients with unmet medical 
needs,” commented Dr. Jean-Paul Kress, 
CEO of MorphoSys. “The combination 
of MorphoSys’ proven track record in 
antibody discovery and development and 
Cherry Biolabs’ Hemibody technology 
has  the  potentia l  to  s igni f icant ly 
broaden therapeutic approaches and 
improve patients’ lives.”

As explained on Cherry Biolabs’ site, 
“The essence of the technology is a T cell-
engaging molecule that is split into two 
complementary fragments coined Hemi-
bodies. Individual Hemibodies are inert 
but reconstitute T cell-engaging functions 
in vivo, after binding to an antigen combi-
nation uniquely expressed on cancer cells 
...  Hemibodies address aberrant antigen-
combinations that signify cancer cells only. 
After binding at the tumor cell surface, 
two complementary Hemibody molecules 
assemble and reconstitute a killer T cell-
engaging unit for the immunological attack 
on cancer cells. Healthy bystanders that 
express only one of the target antigens but 
not the combination are spared.”

“Hemibodies are antibody fragments 
that gain T cell-engaging capabilities after 
binding to an antigen combination unique 
to tumor cells. Through its combinatorial 
pro-drug design, the Hemibody platform 
technology bears the potential to signifi-
cantly increase the specificity of cancer 
treatments and reduce toxicity,” explained 
Prof. Gernot Stuhler, Cherry Biolabs’ 
founder and CEO. “With MorphoSys, we 
have found a very strong and competent 

licensee embracing this new modality; we 
are confident that MorphoSys will bring this 
innovative concept into the clinic to make 
a difference for patients.”

T cell-based treatments are a popular 
approach in combatting cancer, but as with 
many oncology treatments, finding the bal-
ance point between strong efficacy and mini-
mal off-target effects can be a struggle.

“Today’s T cell-engaging bispecific anti-
body approaches have their challenges, par-
ticularly when applied to solid cancers. The 
often limited specificity of the tumor target 
typically hampers tolerability and thereby 
clinical efficacy,” remarked Dr. Martin Steeg-

maier, head of research at MorphoSys. “We 
believe that through dual targeting and 
highly specific activation of the cytotoxic T 
cells at the tumor site—which is what the 
Hemibody technology promises to provide—
we will be able to take the precision and 
specificity of the tumor targeting concept 
to the next level and enable a substantially 
enlarged therapeutic window.”

“We’re particularly excited that this novel 
approach is not only potentially working in 

hematology, but it also has great potential 
in solid tumors. We believe that the sweet 
spot of the technology is on the solid tumor 
side, but it can also be a strong, powerful 
approach for some of the hematological 
malignancies,” Steegmaier adds.

“MorphoSys has a strong legacy and histo-
ry in antibody discovery and engineering—
highlighted, for example, by our technology 
platforms such as Ylanthia,” he continues. 
“The Hemibody technology, or what we refer 
to as the CyCAT approach, complements our 
internal technology platform. CyCAT stands 
for ‘cytotoxic cell activation at the tumor,’ 
and the Hemibody technology is the under-

lying principle of the platform. MorphoSys 
applies our existing antibody engineering 
and development expertise to transform 
this innovative Hemibody approach into a 
clinically applicable treatment paradigm.”

As for which areas in particular Morpho-
Sys hopes to apply the Hemibody technol-
ogy, Steegmaier tells DDN that “At this point 
in time it’s a little too early to say ‘these are 
the specific targets, molecules, or indica-
tions,’ but stay tuned.” n
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“We believe that through dual targeting and highly specific 
activation of the cytotoxic T cells at the tumor site—which is 
what the Hemibody technology promises to provide—we will 
be able to take the precision and specificity of the tumor 
targeting concept to the next level and enable a substantially 
enlarged therapeutic window,” says Dr. Martin Steegmaier, 
head of research at MorphoSys.
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Antibody-based approaches have gained traction in cancer treatment, but MorphoSys takes a 
slightly different spin. Its Hemibodies are antibody fragments that gain T cell-engaging 
capabilities after binding to an antigen combination unique to tumor cells.

ENPICOM and 
MiLaboratories  
aim to improve 
repertoire sequencing 
DEN BOSCH, The Netherlands & SOLA-
NA BEACH, Calif.—Bioinformatics soft-
ware engineering company ENPICOM 
BV and MiLaboratories LLC, a technol-
ogy company focused on profiling the 
mammalian adaptive immune system, 
announced a strategic partnership to 
enable efficient MiXCR integration into 
ENPICOM’s cloud-based IGX Platform.

MiXCR is a software solution for 
annotation and quantification of large-
scale immunomics data. MiLaboratories 
serves a rapidly growing customer base 
and a wide range of repertoire sequenc-
ing (rep-seq) applications with this pro-
filing tool. Meanwhile, ENPICOM’s IGX 
Platform comes with data management 
features and an intuitive user interface 
out of the box for the same type of data. 

With this partnership, MiXCR will 
be fully integrated into the IGX Plat-
form, allowing users to choose their 
preferred profiling solution.

“Allowing other parties, such as MiLa-
boratories, to become integrated into 
the IGX Platform workflows unlocks 
a whole range of new possibilities for 
professionals aiming to fully make use 
of the rep-seq technology. The integra-
tion of MiLaboratories’ market-leading 
immune profiling software really con-
tributes to the adoption of professional 
rep-seq data management and analysi,” 
said Jos Lunenberg, CEO of ENPICOM. 

Added Yuri Nikolsky, CEO of MiLa-
boratories: “MiXCR is considered as 
a ‘gold standard’ package for quality of 
extracting TCR & BCR profiles and error 
control. With this integration, we intend 
to expand its usability with embedding 
management, annotation, visualization, 
and sharing capabilities into rep-seq 
analysis workflows. This enables cus-
tomers to obtain more insights from 
their NGS data, adding significant value 
in drug discovery, development, and aca-
demic environments.” n

“With this integration,  
we intend to expand its 
usability with 
embedding 
management, 
annotation, 
visualization, and 
sharing capabilities 
into rep-seq analysis 
workflows. This 
enables customers to 
obtain more insights 
from their NGS data.” 
- Yuri Nikolsky,  
CEO of MiLaboratories



30  |  DRUGDISCOVERYNEWS.COM  FEBRUARY 2021

undergraduate student Jessica Lin explained 
how they took a radically different approach. 
Instead of measuring the increasing concen-
tration of the drug in the fluid, they decided 
to measure the decreasing mass of a solid pel-
let as it dissolved. 

As they reported, “Existing techniques 
are often labor-intensive, time-consuming, 
irreproducible, require specialized analytical 
equipment, and provide only ‘snapshots’ of 
drug dissolution every few minutes. These 
limitations make it difficult for pharmaceutical 
companies to obtain full dissolution profiles 
for drug products in a variety of different 
conditions, as recommended by the US Food 
and Drug Administration. Additionally, 
for drug dosage forms containing multiple 
controlled-release pellets, particles, beads, 
granules, etc. in a single capsule or tablet, 
measurements of the dissolution of the entire 
multi-particle capsule or tablet are incapable 
of detecting pellet-to-pellet variations in 
controlled release behavior.”

They added, “Developing controlled-
release oral drug products is difficult in part 
because many factors can influence drug dis-
solution in the body. These factors include 

the pH and chemical composition of the gas-
trointestinal fluid, the hydrodynamics of the 
fluid caused by gastrointestinal motility, the 
patient’s metabolism and sex, and many other 
factors. Indeed, something as simple as taking 
OxyContin with a high-fat meal can increase 
the amount of oxycodone in the patient’s 
blood by 25 percent.”

In what the researchers described as “a 
simple and fully automated technique for 

obtaining dissolution profiles from single 
controlled-release pellets,” they monitored 
the decrease in the buoyant mass of the 
solid controlled-release pellet as it dissolved. 
The researchers weighed “single controlled-
release pellets in fluid using a vibrating tube 
sensor, a piece of glass tubing bent into a 

tuning-fork shape and filled with any desired 
fluid.” They used an electronic circuit to 
keep the glass tube vibrating at its resonance 
frequency, “which is inversely proportional to 
the mass of the tube and its contents.”

As a pellet flows through the tube, the 
resonance frequency changes briefly “by an 
amount that is inversely proportional to the 
buoyant mass of the pellet,” the researchers 
said. They added, “By passing the pellet back-

and-forth through the vibrating tube sensor, 
we can monitor its mass as it degrades or 
dissolves, with high temporal resolution 
(measurements every few seconds) and mass 
resolution (700 nanogram resolution).” 

As a proof of concept, the researchers used 
this technique to measure the single-pellet 

dissolution profiles of several commercial 
controlled-release proton pump inhibitors in 
simulated stomach and intestinal contents, as 
well as comparing name-brand and generic 
formulations of the same drug. In each 
case, vibrating tube sensor data revealed 
significantly different dissolution profiles 
for the different drugs, and, in some cases, 
this method also revealed differences between 
different pellets from the same drug product. 

The researchers said that the technique 
addresses many of the shortcomings of 
existing testing methods, requires no 
additional analytical instruments, and is 
suitable for both fast-dissolving and slow-
dissolving formulations. They claimed 
that by providing dissolution profiles for 
individual pellets, the method can capture 
variations in pellet dissolution behavior that 
other methods cannot. 

“By measuring any controlled-release 
pellets, particles, beads or granules in any 
physiologically-relevant environment in a 
fully-automated fashion, this method can 
augment and potentially replace current 
dissolution tests and support product 
development and quality assurance 
in the pharmaceutical industry,” the 
research team concluded. n

that it hasn’t had the chance to be adopted by 
any companies yet. However, iron is 3.4 mil-
lion times more abundant than palladium in 
the earth’s crust and much cheaper, making it 
much more cost-effective and sustainable to 
use in chemical reactions.”

“What really inspired us in this work is look-
ing at previous methods for hydrogenation 
using earth abundant elements, where both a 
reductant and an oxidant are needed in large 
quantities,” he tells DDN. “This always struck 
us as strange and wasteful, since hydrogena-
tion is a reductive process, so there shouldn’t 
be a need for an oxidant. It turns out the oxi-
dant is needed since the catalysts can only use 
one electron of the two-electron reductant, 
so the oxidant needs to soak up the remain-
ing electron before the reaction can go again.”

West adds that when “you’re making drugs 
on the ton scale, you want to avoid generating 

tons of toxic solvent waste. That’s something 
to avoid at all costs. So this could be a big win 
for pharmaceutical companies.”

Many drug syntheses involve hydrogenation 
steps, West notes. An example of a drug that 
relies on hydrogenation to be produced is 
L-DOPA, a powerful molecule for treating 
Parkinson’s disease.

“We are currently in the midst of using 
cHAT to synthesize hydrogen isotoplogues, 
or molecules that contain the heavier 
isotopes of hydrogen (deuterium and 
tritium),” he states. “Putting these isotopes 
into bioactive molecules can improve their 
pharmacokinetics and are also important 
for drug development assays such as 
binding affinity. These studies are still 
in progress, but we believe the products 
will be quite useful.”

The main goal of cHAT “is to enable 
building new chemical reactions that let us 
make important molecules,” he remarks. 

“cHAT is just one step of many that 
could be used to design a new chemical 
reaction. However, we strongly believe 
that it is the missing piece for many 
reactions that are currently not possible, 
giving us the opportunity to deliver some 
powerful new methods.”

According to West, the next step “is 
to realize our main goal—to continue 
designing new reactions using the power of 
cHAT. Our lab is just starting (we have been 
at Rice for 1.5 years), but we are working 
hard to capitalize on this early discovery and 
use it to make important advances for the 
pharmaceutical industry.”

One goal is to make hydrogen atoms 
more available to react with other mol-
ecules of choice to form new compounds, 
he says. The cHAT process employs no 
added oxidants, works with a variety of 
substrates, and is highly scalable. The dual-
catalyst approach also serves to produce 

hydrogenation diastereomers, or a differ-
ent form of the same product molecule that 
can’t be made with noble metals.

“Through teamwork, we introduced a 
strategy to get us to new variations of our 
products as well,” West comments. “By 
combining dirt-cheap iron with an organic 
sulfur compound, we were able to cobble 
together a nice win-win. The iron catalyst 
tees up the process by giving it one hydrogen 
atom, and gets out of the way. Then the sulfur 
can come in and give it the second one. Our 
process uses this simple, bench-stable reagent, 
phenylsilane, as a hydrogen source. We just 
add it to ethanol with both catalysts and the 
alkene. And ethanol is a green solvent as well.”

West’s lab at Rice is working to configure 
its catalysts to produce a variety of products, 
“giving us a lot of chemical complexity and 
diversity from a single starting material. We 
want to know if we can exert this high level 
of control over the process.” n

“We directly measured dissolution profiles of single drug 
granules, which are the little spheres you see when you open 
up a capsule. We accomplished this using a vibrating tube 
sensor, which is just a piece of glass tubing bent in the shape 
of a tuning fork.”- William Grover, associate professor of bioengineering  
at UC Riverside
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Rice University scientists have developed a method to reduce alkenes to more useful intermediates in pharma compounds as a way to reduce adverse environmental impacts.



Sygnature expands HTS and 
translational oncology capabilities
NOTTINGHAM & ALDERLEY PARK, UK—
Drug discovery and preclinical contract 
research organization Sygnature Discovery 
recently put £3 million into new instru-
mentation and equipment investments in 
an effort to strengthen its high-throughput 
screening (HTS) and translational oncology 
service offerings. The effort is driven in part 
by momentum from the November 2019 
decision by the company to add in-house 
HTS to its comprehensive range of hit iden-
tification solutions—a set of solutions under-
pinned by its compound library of 150,000 
lead-like molecules.

According to the company, this service 
has proven to be such a success with clients 
that Sygnature is now being asked to store 
and screen external compound collections. 
To accommodate this increased customer 
demand and planned expansion of Sygna-
ture’s compound library, an automated plate 
and tube storage system with the capacity to 
hold over 2 million plated compounds and 
135,000 in tubes will be installed at BioCity 
Nottingham.

The other Sygnature laboratory seeing 
investment right now is the company’s Trans-
lational Oncology department at Alderley Park, 

which is currently focused on in-vivo services 
for cancer drug discovery. A significant compo-
nent of the £3-million investment will be used 
to establish internal flow cytometry support for 
ex-vivo tumor analysis to enhance Sygnature’s 
integrated oncology capabilities and provide a 
more comprehensive, competitive, and inte-
grated service offering to customers.

“Despite the challenges brought about 
by the COVID-19 pandemic during 2020, 

Sygnature Discovery has continued to deliver 
top-quality science to accelerate customers’ 
drug discovery programs, combined with stel-
lar growth in revenue and profitability,” said 
Sygnature founder and CEO Dr. Simon Hirst. 
“This considerable funding injection will 
enable Sygnature to provide an even more 
comprehensive integrated service offering 
from hit identification to preclinical candi-
date selection.” n

Servier and X-Chem announce 
neurological discovery collaboration
PARIS & WALTHAM, Mass.—Global phar-
maceutical group Servier has partnered 
with X-Chem Inc., a privately held drug 
discovery company, to identify and develop 
novel small molecules for the treatment of 
neurological disorders.

Under the terms of the multi-target agree-
ment, X-Chem will utilize its DNA-encoded 
library  platform to identify novel small-mol-
ecule leads directed towards central nervous 
system targets of interest to Servier. The par-
ties may further progress identified leads into 
protein-degrading chimeric molecules, with 
X-Chem leading the design and synthesis of 
bispecific degrader molecules. 

Servier will be responsible for advancing 
any promising candidates through preclini-
cal and clinical development, and retains 

all rights for the commercialization of any 
products resulting from the collaboration. 
X-Chem will receive research payments and 
is entitled to additional payments upon the 
achievement of certain success milestones.

“Our partnership with X-Chem supports 
Servier’s drive for innovative drug discovery 
approaches towards new treatments for the 
benefit of patients suffering from neurological 

diseases. Combining our expertise gives us 
a truly valuable opportunity to advance the 
expanding internal program of drug discov-
ery projects here at Servier, with the ultimate 
goal of bringing forward new and effective 
treatments to slow the progression of these 
devastating diseases,” said Ross Jeggo, head 
of the Neurology & Immuno-Inflammation 
therapeutic area at Servier. n
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A D V E R T I S E R ’ S  I N D E X

A cell therapy 
research 
collaboration  
in oncology
OXFORD, UK, SANTA MONICA, Calif. & 
SAN JOSE, Calif.—Kite, a Gilead company, 
and Oxford BioTherapeutics Ltd. (OBT), 
a clinical-stage oncology company with a 
pipeline of immuno-oncology and anti-
body-drug conjugate therapies, recently 
entered into a research collaboration to 
evaluate five novel targets for a number of 
hematologic and solid tumor indications.

Through this collaboration, OBT 
will validate five novel oncology drug 
targets, previously identified using OBT’s 
OGAP discovery platform, and generate 
antibodies against these targets. Kite 
and Gilead will have the exclusive right 
to develop and commercialize therapies 
based on these targets or antibodies.

“As the leader in cell therapy, we are 
committed to continuing to bring its 
transformative potential to more patients 
with different kinds of cancers,” said Mert 
Aktar, vice president of corporate develop-
ment and strategy at Kite. “We’re excited 
to partner with Oxford BioTherapeutics to 
help accelerate this research by identifying 
new targets in solid tumors and hemato-
logic malignancies where novel approaches 
may help improve outcomes.”

Added Dr. Christian Rohlff, OBT’s CEO, 
“Selecting the right target is fundamental 
for the successful development of first-in-
class cell therapies. OBT’s state-of-the-art 
platforms have refined this approach to 
address difficult-to-treat cancers. This 
has resulted in several candidates entering 
clinical development either by OBT or its 
development partners. We are delighted 
that Kite, the global leader in cell therapy, 
has recognized the potential of OBT’s 
OGAP discovery platform and antibody 
capabilities through this partnership.”

Under the terms of the agreement, OBT 
will receive an upfront payment and will 
be eligible to receive additional payments 
based on achievement of certain discovery, 
clinical, and regulatory milestones, as well 
as royalties on future potential sales. n

Sygnature has invested £3 million in new instrumentation and equipment at two of 
its laboratories. 
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“Our partnership with X-Chem supports Servier’s drive for 
innovative drug discovery approaches towards new 
treatments for the benefit of patients suffering from 
neurological diseases.”- Ross Jeggo of Servier
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