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Next-generational cell and gene therapy
MORE THAN 3,300 Phase II through IV CGT trials are 
underway, according to data provided by Signals Analyt-
ics, indicating how active R&D efforts are on this front. 
Oncology, hemophilia, Huntington’s disease, and sickle cell 
disease, as well as amyotrophic lateral sclerosis (ALS) are 
among those conditions targeted in clinical trials. 

Research efforts include work with pluripotent stem 
cells (iPS), adeno-associated virus (AAV) gene therapies, 
and immune tolerance technology, among others. Novar-
tis, Bayer, the National Institutes of Health, and several 
universities, among other entities, are involved. (Note that 
CRISPR technology and CAR-T therapies are the focus of 
their own sections later in this report.)

In early September, the UK’s National Institute for 
Health and Care Excellence (NICE) recommended a new 
gene therapy-based treatment for rare inherited eye dis-
order for use by the National Health Service. Luxturna 
(voretigene neparvovec), marketed by Novartis in Europe, 
is targeted to those who have lost their vision from inher-
ited retinal dystrophy from confirmed RPE65 gene muta-
tions and who have enough viable retinal cells. The RPE65 
gene provides instructions for making a protein essential 
for normal vision. Current treatment involves only sup-
portive care, such as the use of low-vision aids. Clinical 
trials showed that, in the short term, Luxturna, which is 
injected directly into the retina, improves vision and pre-
vents worsening of inherited retinal dystrophy. 

On another front, Athersys is applying its patented Mul-
tiStem stem cell therapy for treating neurological, inflam-
matory, immune, and cardiovascular diseases, among 

By Joseph Constance

D espite entering—or even strengthening already 
established footing—in today’s “new era of 
biopharmaceutical innovation,” developing 
novel drugs that will bring value and benefit to 

patients continues to be a difficult challenge. The 
common and very real prospect of failure will never go 
away. But, as Pharm Exec’s 16th Annual Pipeline Report 
illustrates, the arduous research efforts by life sciences 
companies are paying dividends, and leading to trans-
formative and, in some cases, curative therapies.

For instance, cell and gene therapy (CGT), including 
CAR-T and the work with RNA interference (RNAi), is 
beginning to make an impact. The thousands of 
research papers and patents in areas ranging from CGT, 
to CRISPR technology, to CAR-T drugs for cancer are a 
testament that science will continue to breed new 
successes in product development, and will generate 
better outcomes for patients and value for the healthcare 
ecosystem as a whole.

* All figures and tables in this report are provided by Signals 
Analytics (signals-analytics.com)

While there are a number of promising 
opportunities, more work is needed to 

establish therapeutic potential and move 
into later stage clinical trials. 

CGT Development Activity

FIGURE 1. Early stage clinical trials continue to dominate research 
efforts for cell and gene therapies.

CGT Target Molecules

FIGURE 2. The proteins most actively targeted by gene and cell therapy 
candidates.

https://www.novartis.com/our-science/novartis-global-pipeline
https://www.novartis.com/our-science/novartis-global-pipeline
https://www.novartis.com/our-science/novartis-global-pipeline
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
https://www.athersys.com/clinical-trials/clinical-pipeline/default.aspx
https://signals-analytics.com
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other indications. For ischemic stroke, the company 
launched its Masters-2 Phase III pivotal study under special 
protocol assessment by FDA, and in partnership with 
Healios, a Phase II/III clinical trial recently commenced 
in Japan under a new accelerated regulatory framework. 
MultiStem has priority review designation from Japan’s 
Pharmaceuticals and Medical Devices Agency. For graft-
versus-host disease and hematopoietic stem cell transplan-
tation, a Phase III pivotal study under special protocol 
assessment has been approved by FDA. The program was 
awarded orphan-drug status by FDA and the European 
Medicines Agency (EMA), and is being fast-tracked by FDA. 
(For more, see and listen to this Pharm Exec interview and 
podcast with Athersys CEO Gil Van Bokkelen: https://bit.
ly/2oh3cgP, https://bit.ly/2Pl3rTa). 

In August, Arrowhead Pharmaceuticals and Janssen 
Pharmaceuticals began dosing in a Phase IIb study of dif-
ferent combination regimens, including JNJ-3989 (for-
merly ARO-HBV), or JNJ-6379, and a nucleos(t)ide analog 
for treating chronic hepatitis B virus infection. 

JNJ-3989 is a liver-targeted investigational antiviral 
therapeutic for subcutaneous injection designed to treat 
chronic HBV infection by RNAi. JNJ-6379 is an orally 
administered capsid assembly modulator of the class that 
forms normal capsid structures.

There also is interest in using cell and gene therapies 
to treat cystic fibrosis (CF) patients who experience per-
sistent lung infections. There may be curative therapies 
found in using gene editing or therapy tools in stem cells. 
If a stem cell receives one of these therapies, every cell that 
is produced by the stem cell would also have the correct 
gene. For example, if an airway stem cell had a correct copy 

of the CF transmembrane conductance regulator (CFTR) 
gene, the new lung cells produced by that stem cell would 
also have a correct copy of the CFTR gene.

Scientists have shown that it is possible to make iPS 
cells using cells from people with CF, apply gene editing 
to correct CFTR mutations in those cells, and reimplant 
the correct cells into the lungs of CF patients.

Selecta Biosciences wants to combine its immune tol-
erance technology (ImmTOR) platform with several bio-
logic therapies for rare and serious diseases that require 
new treatment options due to high immunogenicity. SEL-
212, its lead product candidate, is being developed to treat 
chronic refractory gout patients and resolve their debili-
tating symptoms, including flares and gouty arthritis.

CGT Modalities

FIGURE 3. 

Disease Focus

TABLE 1. The number of current CGT clinical trials ranked by medical 
condition.

https://www.athersys.com/clinical-trials/clinical-pipeline/default.aspx
https://www.healios.co.jp/en/pipeline/
https://arrowheadpharma.com/pipeline/
http://www.investor.jnj.com/_document/jnj-pipeline-2q-2019?id=0000016b-fa6f-d5ea-abef-ff6f76240000
http://www.investor.jnj.com/_document/jnj-pipeline-2q-2019?id=0000016b-fa6f-d5ea-abef-ff6f76240000
https://selectabio.com
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Abeona Therapeutics’ clinical programs include 
EB-101, an autologous, gene-corrected cell therapy for 
recessive dystrophic epidermolysis bullosa, as well as 
ABO-102 and ABO-101, novel AAV9-based gene therapies 
for Sanfilippo syndrome types A and B (MPS IIIA and MPS 
IIIB), respectively.

In August, Orchard Therapeutics announced it will bal-
ance its existing contract manufacturing organization 
(CMO) network with an internal facility to create the infra-
structure needed to commercialize its gene therapies.

Orchard’s pipeline of ex vivo autologous gene therapies 
include five clinical stage programs and the former Glaxo- 
SmithKline hematopoietic stem cell (HSC) gene therapy 
Strimvelis, which was approved by the EMA in 2016 for 
treating adenosine deaminase deficiency, an autosomal 
recessive metabolic disorder that causes immunodefi-
ciency. It is still awaiting FDA approval. 

Alnylam is involved in the translation of RNAi into a 
new class of medicines. The company’s givosiran is an 
experimental RNAi therapeutic being developed to treat 
acute hepatic porphyria. In June, Alnylam completed the 
rolling submission of its new drug application (NDA) for 
givosiran, and in August, FDA accepted the NDA and 
granted priority review. The agency has set an action date 
of Feb. 4, 2020, for givosiran, which is also under regula-
tory review in Europe.

Lumasiran is Alnylam’s investigational RNAi drug for 
treating primary hyperoxaluria type I (PH 1). Enrollment 
continues in Illuminate-A, a global Phase III pivotal study 
of lumasiran in children and adult PH 1 patients with pre-
served renal function. Alnylam expects to report top-line 
results, and if positive, file for global regulatory approvals 
in early 2020. (See Alnylam’s pipeline snapshot in our 
online coverage, https://bit.ly/2Wricp4).

Acquisition activity 
In notable industry dealmaking centered in the CGT space, 
Bayer is acquiring BlueRock Therapeutics to build Bayer’s 
cell therapy pipeline. BlueRock develops cell therapies for 
neurology, cardiology, and immunology, using a propri-
etary induced pluripotent stem cell platform called 
Cell+Gene. A lead program for treating Parkinson’s disease 
is expected to enter clinical trials by the end of the year. 
BlueRock was established in a joint venture by Bayer and 
Versant Ventures in 2016.

Attention to cost 
Meanwhile, as an indication of the growing impact of CGT 
and concerns about its costs, health insurance giant Cigna 
is introducing a program intended to protect participating 
organizations from the high cost of regenerative medicine. 
It will start with Luxturna for a version of inherited retinal 
disease, and Novartis’ Zolgensma (onasemnogene abepar-
vovec-xioi) aimed at treating spinal muscular atrophy in 
children under two years old.

Cigna’s Embarc Benefit Protection program aims to 
remove out-of-pocket payments related to the cost of the 
therapies. Health plans that adopt Embarc will pay a per-
member, per-month fee to participate in a gene therapy 
network. Physicians will submit prior authorization for 
the drugs, but once approved, a patient will not be charged 
a copay.

CGT Patent Picture

FIGURE 4.

TABLE 2.

https://www.novartis.com/our-science/novartis-global-pipeline
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
https://www.abeonatherapeutics.com/science
https://www.orchard-tx.com/disease-areas-and-pipeline
https://www.orchard-tx.com/disease-areas-and-pipeline
https://www.gsk.com/en-gb/research-and-development/our-pipeline/
https://www.gsk.com/en-gb/research-and-development/our-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://bluerocktx.com/pipeline/
https://bluerocktx.com/pipeline/
https://bluerocktx.com/pipeline/
https://www.versantventures.com/portfolio
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CRISPR gaining early attention 
CRISPR (clustered regularly inter-
spaced short palindromic repeats) is 
evolving into a robust genome editing 
tool, making the process more effi-
cient and transforming genome edit-
ing studies. CRISPR represents DNA 
sequences in the genomes of bacteria 
and other organisms. Even though it 
is in its early stages, interest in CRISPR 
technology is growing strongly, as evi-
denced by the increasing number of 
patents filed and research under-
taken, according to Signals Analytics. 
CRISPR research has received almost 
$2 billion in funding .

Early this year, Locus Biosciences 
and Janssen inked an agreement that 
began moving CRISPR down a novel 
path. Locus is commercia lizing 
research developed by scientists at 
North Carolina State Universit y 
involving Cas3 proteins, which eat up 
DNA, instead of editing the material 
like the more well-known Cas9-based 
CRISPR technique. Cas3 removes DNA 
strains, acting like a shredder, unlike 
single sequence-targeting Cas9. The 
system is seen by some as potentially 
leading to a cure for viral diseases.

The Janssen-Locus agreement 
gives Janssen an exclusive license to 
develop, manufacture, and commer-
cialize CRISPR-Cas3-enhanced prod-
ucts, which attack bad bacteria, to 
treat respiratory and other organ 
infections. Locus’ lead program tar-
geting Escherichia coli is entering clin-
ical development, with a Phase Ib clin-

ical trial in patients colonized with E. 
coli in their urinary tracts. 

Meanwhile, CRISPR Therapeutics 
and Vertex Pharmaceuticals are devel-
oping CTX001, an investigational, 
autologous, CRISPR-Cas9 gene-edited 
hematopoietic stem cell therapy. It is 
under evaluation for patients suffer-
ing from severe hemoglobinopathies. 
The first patient has been treated with 

CTX001 in a Phase I/II clinical study 
of patients with transfusion-depen-
dent beta thalassemia. 

The partners also are investigating 
CTX001 for treating severe sickle cell 
disease. The first patient has been 
enrolled in a Phase I/II clinical study 
in the US and will be infused with 
CTX001. Vertex and CRISPR Thera-
peutics have also begun a trial to use 

The technology is 
attracting a lot of 

attention. But early stage 
efforts still must be 

validated in clinical trials.
CRISPR Grant Growth

CRISPR Funding Glance

TABLE 3. The amount of grant dollars allocated to research, ranked by modality; CRISPR received 
close to $2 billion in the past five years.

FIGURE 5. Grant amounts devoted to CRISPR research since 2014.

http://www.crisprtx.com/programs/pipeline
http://www.crisprtx.com/programs/pipeline
http://www.crisprtx.com/programs/pipeline
https://www.vrtx.com/research-development/pipeline
https://www.vrtx.com/research-development/pipeline
https://www.locus-bio.com/#our-pipeline
https://www.locus-bio.com/#our-pipeline
https://www.locus-bio.com/#our-pipeline
https://www.locus-bio.com/#our-pipeline
http://www.investor.jnj.com/_document/jnj-pipeline-2q-2019?id=0000016b-fa6f-d5ea-abef-ff6f76240000
http://www.investor.jnj.com/_document/jnj-pipeline-2q-2019?id=0000016b-fa6f-d5ea-abef-ff6f76240000
http://www.investor.jnj.com/_document/jnj-pipeline-2q-2019?id=0000016b-fa6f-d5ea-abef-ff6f76240000
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A new emphasis on cardiovascular disease 
The statistics speak for themselves. 
More than 600,000 people die of heart 
disease in the US annually, according 
to the Centers for Disease Control and 
Prevention (CDC), and is the leading 
cause of death for men and women. 
High blood pressure, high cholesterol, 
and smoking are key risk factors, and 
almost half of Americans have at least 
one of those.

While there may be a variety of 
drugs already on the market for treat-
ing hypertension, high cholesterol lev-
els, and other contributors to heart dis-
ease, there is no shortage of research 
on new fronts in cardiovascular dis-
ease (CVD). Signals Analytics reports 
that hypertension, congestive heart 
failure, and atherosclerosis are the 
most researched conditions in preclin-
ical phases. Preclinical research in the 

areas of hypertension and hemophilia 
is strong. Key players include Bayer and 
Pfizer, among several others.

Bayer has a number of clinical pro-
grams targeting such areas as pulmo-
nary hypertension, heart failure, 
peripheral artery disease, thrombosis, 
and peripheral artery disease, spread 
across Phase I to III clinical trials. 

Greater levels of plasma vasopres-
sin, which mediates water retention, 

are associated with the progression of 
congestive heart failure. Attempting 
to combat this, Bayer is developing 
BAY 1753011, a novel, dual-acting 
vasopressin receptor antagonist. The 
company is recruiting for a multi-
center, randomized, double-blind, 
active and placebo-controlled study 
of BAY1753011 in patients who have 
congestive heart failure. 

Earlier this year, Pfizer received 
FDA approval for two formulations of 
tafamidis-based drugs, including a 
first for treating cardiomyopathy of 
wild-type or hereditary transthyre-
tin-mediated amyloidosis (ATTR-
CM). Vyndaqel (tafamidis meglu-
mine) is the first US drug approved to 
treat this rare condition. The agency 
also cleared Vyndamax, another for-
mulation of tafamidis. The two drugs 

CRISPR-edited T cells to treat non-
responsive or relapsed non-Hodgkin’s 
lymphoma. Scientists intend to edit 
the cells using CRISPR to target CD-19, 
a protein that marks B cells, which 
turn malignant in certain non-Hodg-
kin’s lymphoma.

Researchers at Mammoth Biosci-
ences are pursuing the development 
of an in-home genetic diagnostic for 
detecting illnesses at the point of care. 
In March, the company received an 
exclusive license from the University 
of California, Berkeley to a new CRISPR 
protein, Cas14, which contains up to 
700 amino acids and is half the size of 
other Cas proteins. Cas14 makes it 
possible to find double-stranded and 
single-stranded DNA, as well as RNA. 
Using the Cas14 protein, Mammoth 
scientists are better able to analyze 
and detect a virus or bacteria. 

On the academic side, Cas3 research 
is ongoing at the University of Michi-
gan, Duke University, and Cornell Uni-
versity, among other institutions. 

While therapies are on the 
market, many candidates 
are in the midst of clinical 

trials, offering new 
opportunities.

Pharma’s CRISPR Interest

FIGURE 6. (Top) the number of research papers on CRISPR published by company; (bottom) 
tracking the growing proliferation of CRISPR papers.

https://mammoth.bio/how-it-works
https://mammoth.bio/how-it-works
https://mammoth.bio/how-it-works
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
https://www.pfizer.com/science/drug-product-pipeline
https://www.pfizer.com/science/drug-product-pipeline
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Proven Results

Agile Deployment

Data-Driven Approach

Trusted Third-Party Tools

HCP Omnichannel Marketing... It’s in Our DNA
BioPharm Communications has over a decade of leadership in omnichannel marketing for 
pharma and biotech brands. We leverage our proprietary data-driven approach to plan, 
develop, and deploy omnichannel campaigns through a portfolio of proven third-party 
promotional tools. We design solutions that are scalable from tactical programs to fully 
integrated omnichannel marketing support.

REACH, ENGAGE, IMPACT

To learn more about how we can accelerate your brand, 

contact Clay Romweber at cromweber@BioPharmCommunications.com

 BioPharmCommunications.com • 215-862-4902

mailto:cromweber@BioPharmCommunication.com
www.biopharmcommunications.com
www.biopharmcommunications.com
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CVD: Top Targets

FIGURE 7. PCSK9 and SLC5A2 are the most highly advanced research targets in cardiovascular disease.
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are approved for ATTR-CM in adults 
to reduce cardiovascular mortality 
and cardiovascular-related hospital-
ization. Vyndaqel has been on the 
market in Europe for treating poly-
neuropathy since 2011. Vyndamax is 
a free acid version of the drug. 

In March, Novo Nordisk filed for 
FDA approval of oral semaglutide, 
which would be the first glucagon-like 
peptide-1 (GLP-1) receptor agonist 
delivered in pill form. Novo also filed 
for a new cardiovascular indication 
for its once-a-week injectable form of 
semaglutide, which was granted 
approval from FDA in late 2017. The 
weekly injectable GLP-1 receptor ago-
nist is marketed as Ozempic. Novo 
submitted two NDAs. One seeks 
approval to improve blood glucose to 
treat type 2 diabetes, and the other is 
pursuing an indication to reduce 
major adverse events, including heart 
attacks, strokes, and cardiovascular-
related death, in adults with type 2 
diabetes and established CVD. (See 
Novo’s pipeline snapshot in our online 
coverage, https://bit.ly/2Wricp4).

Meanwhile, FDA has given fast-
track designation for AstraZeneca’s 
SGLT2 inhibitor dapagliflozin (Farx-
iga) for patients who have chronic 
kidney disease, to delay progression 
of renal failure and prevent cardio-
vascular and renal death. In August, 
the big pharma said that Farxiga met 
the primary composite endpoint in 
the landmark Phase III DAPA-HF 
trial, with a statistically significant 
and clinically meaningful reduction 
of cardiovascular death or the wors-
ening of heart failure. (See AstraZen-
eca’s pipeline snapshot in our online 
coverage, https://bit.ly/2Wricp4).

Alnylam is evaluating inclisiran, 
formerly PCSK9si or ALN-PCSsc, an 
experimental RNAi therapeutic cur-
rently in Phase II Orion studies for 
hypercholesterolemia. The Medicines 
Company licensed the rights to incli-
siran from Alnylam, and a Phase III 
clinical trial showed that the drug has 

met its primary endpoint. An NDA is 
planned. 

In August, Germany-based 4TEEN4 
Pharmaceuticals, formerly Sphingotec 
Therapeutics GmbH, reported pre-
clinical data on its lead product, Proci-
zumab, a therapeutic antibody target-
ing circulating dipeptidyl peptidase 3 
(DPP3) for treating patients with acute 
myocardial depression, including 
acute heart failure and cardiogenic 
shock. Procizumab, a humanized 
monoclonal antibody designed to 
block peptidase activity of DPP3, 
immediately normalized heart and 
kidney function in a preclinical model 
for acute heart failure. 

Also in August, Idorsia announced 
results of a Phase II study involving 
aprocitentan, an orally active dual 
endothelin receptor antagonist (ERA). 
Aprocitentan is under investigation for 
treating patients whose blood pres-

sure is uncontrolled, despite receiving 
triple antihypertensive medications 
(resistant hypertension).  

Developed with Janssen, the drug 
is intended to lower blood pressure by 
blocking endothelin receptors in cells 
lining the blood vessels. Aprocitentan 
lowered blood pressure in hyperten-
sive patients in the Phase II trial, and 
is also in an ongoing Phase III study 
for treating people with uncontrolla-
ble hypertension. 

On a down side for cardiology, 
Sanofi is cutting more than 450 posi-
tions in France and Germany, and is 
terminating new in-house cardiology 
research programs, as part of a restruc-
turing. Sanofi executives say the orga-
nization is focusing on potential ther-
apies licensed from partners and on 
remaining internal efforts. The com-
pany is transitioning more to immuno-
oncology and gene therapies.

CVD: Competitive Assessment

TABLE 4. Bayer is the overall leader in the cardiovascular disease field, driven by strong 
outputs in the clinical research and early R&D metrics.

http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.alnylam.com/alnylam-rnai-pipeline/
https://www.novonordisk.com/research-and-development/pipeline.html
https://www.novonordisk.com/research-and-development/pipeline.html
https://www.novonordisk.com/research-and-development/pipeline.html
https://www.novonordisk.com/research-and-development/pipeline.html
https://www.astrazeneca.com/our-science/pipeline.html
https://www.astrazeneca.com/our-science/pipeline.html
https://www.astrazeneca.com/our-science/pipeline.html
https://4teen4.de
https://www.idorsia.com/about-idorsia/idorsia-today/our-pipeline
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CAR-T continues to transform therapy 
It’s been almost three decades since chimeric antigen 
receptors (CARs) were first reported scientifically. And it’s 
only in the last few years that researchers have gained 
ground in transforming the science into therapies for 
patients in real-world settings. 

These efforts have begun to pay off, as seen in the 2017 
FDA approvals of Novartis’ Kymriah for treating acute lym-
phoblastic leukemia (ALL) in certain pediatric and young 
patients, and Gilead Sciences/Kite Pharma’s Yescarta, for 
adults with certain large B-cell lymphomas. 

There are a number of ongoing oncology clinical trials 
involving CAR-T, according to data provided by Signals 
Analytics. Researchers have filed and received a number 
of patents and have authored several scientific papers. 

Among concerns, though, have been access and the 
affordability of CAR-T therapies, some of which can cost 
more than $1 million per patient. But concerns were some-
what allayed in midsummer when the Centers for Medicare 
and Medicaid Services (CMS) announced that it would 
cover CAR-T for Medicare recipients; the coverage began 
on Oct. 1. Additionally, CMS pulled back on a proposal to 
make hospitals collect and report data on patient outcomes 
over a long period of time. And Medicare coverage will 
include CAR-T cell therapies for off-label uses, which CMS-
approved compendia recommend. 

It is possible that the new policy could speed adoption 
of CAR-T drugs, something Gilead is hoping for after its 
$12 billion purchase of Kite in 2017. Gilead is focusing on 
cell therapy, but Yescarta only generated about $260 mil-
lion in revenue in 2018. More recently, a pivotal Zuma-1 
study indicated that the therapy brings better results in 
older patients, with those 65 and older experiencing a 92% 
overall response rate at a median 27.1 months, compared 
with 81% among patients younger than 65. Three-quarters 
of the older group achieved a complete response, com-
pared with 53% for those younger than 65. 

The findings are important because it is usually older 
patients with refractory large B-cell lymphoma who have 
exhausted treatment options and continue to face progres-
sive disease. 

In addition, Gilead has published data on an investiga-
tional CAR-T, KTE-X19, for adults with relapsed or refrac-
tory acute lymphoblastic leukemia. In Phase I of the two-

phase Zuma-3 trial, patients experienced a high rate of 
response to a single infusion. The Phase II program for 
KTE-X19 is ongoing.  

Two more CAR-T therapies could be commercialized in 
2020. In July, Celgene indicated that it intends to file for 
FDA approval for lisocabtagene maraleucel (liso-cel) in 
diffuse large B-cell lymphoma (DLBCL) late this year. 

Also, Celgene and bluebird bio’s CAR-T candidate, 
bb2121, has shown promise for treating multiple mela-
noma, where new therapies have prolonged survival but 
have failed to prevent relapse. Celgene anticipates filing 
for regulatory approval of bb2121, also known as idecabta-
gene vicleucel (ide-cel), in multiple myeloma during the 
first half of 2020. 

In September, Celyad announced the successful admin-
istration of CYAD-01, produced with the company’s Opti-
mAb manufacturing process. CYAD-01 is an investigational 
CAR-T therapy in which a patient’s T cells are engineered 
to express a CAR based on NKG2D, a receptor expressed on 
natural killer (NK) cells that binds to eight stress-induced 
ligands expressed on tumor cells. CYAD-01 is being evalu-
ated in several Phase I trials to assess safety and clinical 
activity for treating hematological malignancies.

As CAR-T therapies evolve and reach the 
clinic, market access conditions and 
payment models will evolve as well. 

CAR-T’s Climb

FIGURE 8. Maturity and R&D strength in the CAR-T therapy space is now 
relatively high across all areas targeted.

https://www.novartis.com/our-science/novartis-global-pipeline
https://www.gilead.com/science-and-medicine/pipeline
https://www.gilead.com/science-and-medicine/pipeline
https://www.gilead.com/science-and-medicine/pipeline
https://www.gilead.com/science-and-medicine/pipeline
https://www.celgene.com/research-development/pipeline-pdf/
https://www.celgene.com/research-development/pipeline-pdf/
https://www.celyad.com/en/our-pipeline
https://www.bluebirdbio.com/our-science/pipeline
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PD-1 inhibitors activate the immune system to attack 
tumors. ICTCAR014 is in preclinical development for treat-
ing non-Hodgkin’s lymphoma. But the basis for the drug 
is also under development for treating solid tumors. The 
company’s solid tumor CAR-T preclinical and clinical pipe-
lines include therapies for treating thyroid, breast, pan-
creatic, prostate, and urothelial cancers. 

Among Atara Biotherapeutics’ CAR-T candidates is 
ATA2271, targeting mesothelin, which is expressed at high 
levels on the surface of cells in aggressive solid tumors, 
including mesothelioma, triple-negative breast cancer, 
esophageal cancer, pancreatic cancer, and non-small cell 
lung cancer. The drug is in preclinical development. 

In August, Celgene and Germany-based Immatics Bio-
technologies agreed to develop adoptive cell therapies tar-
geting several cancers. The companies are using Immatics’ 
T-cell receptor engineered T-cell therapy (TCR-T) pro-
grams to target solid tumors.

Also active on the solid tumor front is Tarveda Thera-
peutics. The company’s PEN-866 is the first miniature drug 
conjugate from Tarveda’s Heat Shock Protein 90 binding 
conjugate platform. It is under evaluation in an ongoing 
Phase I/IIa clinical trial in patients with advanced solid 
tumors. Tarveda’s PEN-221 is being tested in a Phase I/IIa 
clinical trial in somatostatin receptor 2 (SSTR2)-positive 
neuroendocrine tumors. The drug is intended to rapidly 
penetrate deep into solid tumors where it is highly selec-
tive for SSTR2. 

Amid efforts in CAR-T, another novel treatment para-
digm for cancer—tumor agnostic therapies, which target 
genetic mutations independent of where a tumor is 
located—is beginning to reap results. Late last year, Bayer 
and Loxo Oncology received FDA approval for Vitrakvi 
(larotrectinib) in adult and pediatric patients with solid 
tumors that have a neurotrophic receptor tyrosine kinase 
(NTRK) gene fusion without a known acquired resistance 
mutation; and in June, Japan’s Ministry of Health, Labor 
and Welfare (MHLW) cleared Roche’s Rozlytrek (entrec-
tinib) for NTRK fusion-positive, advanced recurrent solid 
tumors. FDA has granted Amgen’s AMG 510 orphan-drug 
designation targeting KRASG12C-positive non-small cell 
lung and colorectal cancers. Reportedly the first KRASG12C 
inhibitor to reach the clinical stage, first-in-human results 
indicate preliminary safety, tolerability data, and antitu-
mor activity in KRAS-mutant solid tumors. 

Beyond cancer for CAR-T: Autoimmune diseases 
Spun out of research at the University of Pennsylvania, 
biotech firm Cabaletta has raised nearly $40 million to 
develop CAR-T-like cell therapies for autoimmune dis-
eases. The company has an exclusive license agreement 
and two multi-year research agreements with the univer-

Research Wave

FIGURE 9. CAR-T-focused research is accelerating, with a growing num-
ber of research papers, patents, and clinical trials.

The OptimAb manufacturing process uses a shortened 
cell culture and incorporates a selective PI3K inhibitor to 
produce a product enriched for T cells with a memory-like 
phenotype. Preclinical data show that CYAD-01 produced 
using this process optimizes anti-tumor activity in an 
aggressive acute myeloid leukemia model. (See Celyad’s 
pipeline snapshot in our online coverage, https://bit. 
ly/2Wricp4).

CARsgen Therapeutics’ pipeline includes more than 11 
CAR-T candidates, including products targeting GPC3, 
CD19, BCMA, Claudin18.2, and EGFR/EGFRvIII. Five are 
at the clinical trial stage, and some are investigational new 
drug (IND)-approved.

Cellectis is in the early stages of developing CAR-T ther-
apies that target blood and bone marrow cancers, includ-
ing ALL and B-cell ALL, acute myeloid leukemia, multiple 
myeloma, and Hodgkin’s lymphoma. 

Amgen’s AMG 119 is a delta-like ligand-targeting CAR-T 
therapy under investigation as a treatment for small-cell 
lung cancer. The ligand is expressed in most small-cell lung 
cancer tumors. (See Amgen’s CAR-T pipeline snapshot in 
our online coverage, https://bit.ly/2Wricp4).

The efforts of Shanghai-based biotech Innovative Cel-
lular Therapeutics involving CAR-T may lead to a treatment 
for solid tumors. The company’s lead program, ICTCAR014, 
targets CD19 and programmed cell death protein 1 (PD-1). 
The latter is a protein on the surface of cells that helps 
regulate the immune system’s response to cells by down-
regulating the immune system and promoting self-toler-
ance by suppressing T-cell inflammatory activity. This pre-
vents the immune system from killing cancer cells. 

https://www.atarabio.com/pipeline/
https://bit.ly/2Wricp4
https://bit.ly/2Wricp4
https://www.celyad.com/en/our-pipeline
https://bit.ly/2Wricp4
https://www.ictbio.com/en/pipeline
https://www.ictbio.com/en/pipeline
http://pharma.bayer.com/en/innovation-partnering/development-pipeline/#&gid=1&pid=1
https://www.loxooncology.com/pipeline
https://www.celgene.com/research-development/pipeline-pdf/
https://immatics.com/product-pipeline.html
https://immatics.com/product-pipeline.html
https://immatics.com/product-pipeline.html
https://www.tarvedatx.com/pipeline
https://www.tarvedatx.com/pipeline
https://www.tarvedatx.com/pipeline
https://www.tarvedatx.com/pipeline
http://www.carsgen.com/science/pipeline
https://cabalettabio.com/pipeline/
https://www.amgenpipeline.com/pipeline/
https://www.cellectis.com/en/products/product-candidates
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sity to discover and develop autoimmune CAR-T therapies. 
In October, Cabaletta received FDA clearance for its IND 
application to start a first-in-human clinical trial of des-
moglein 3 chimeric autoantibody receptor T cells in 
patients with mucosal pemphigus vulgaris. The objective 
is to determine the safety and tolerability of DSG3-CAART. 
The company expects to enroll the first patient in 2020.

Atara Biotherapeutics is developing treatments for 
patients with cancer, autoimmune, and viral diseases. Ata-
ra’s allogeneic T-cell immunotherapy candidate, tabele-
cleucel (tab-cel), previously known as ATA129, is being 
developed for treating patients with Epstein-Barr virus 
(EBV)-associated post-transplant lymphoproliferative dis-
order, as well as other EBV-associated hematologic and 
solid tumors, including nasopharyngeal carcinoma. Atara 
is also developing off-the-shelf, allogeneic ATA188 and 
autologous ATA190 T-cell immunotherapies using a com-
plementary targeted antigen recognition technology for 
specific EBV antigens believed to be important for the 
potential treatment of multiple sclerosis. 

Meanwhile, Syncona has invested more than $40 mil-
lion in startup financing for Quell Therapeutics, a cell ther-
apy company focusing on using regulatory T cells (Tregs) 
to treat immune system diseases. The UK-based life sci-
ences venture capital firm is launching Quell to create 

CAR-T-related Treg therapies for solid organ transplant 
rejection and autoimmune and inflammatory diseases. 
Tregs are a new frontier in cell therapy. 

Sangamo Therapeutics is expecting TX-200, its first 
CAR-Treg product candidate, to advance into the clinic as 
a hopeful treatment for HLA-A2 mismatched kidney trans-
plantation rejection. The Treg cells also might be devel-
oped to treat autoimmune diseases.

In March, Atara and Memorial Sloan Kettering Cancer 
Center unveiled encouraging results from an ongoing 
Phase I clinical study (NCT02414269) of a mesothelin-tar-
geted CAR-T immunotherapy for patients with mesothelin-
associated malignant pleural solid tumors, primarily 
mesothelioma, who progressed after previous standard 
platinum-containing chemotherapy. Mesothelin-targeted, 
autologous CAR-T cells delivered regionally were well-tol-
erated and showed promising antitumor activity in com-
bination with pembrolizumab, a PD-1 checkpoint inhibitor. 

Arcellx is an early stage immuno-oncology company 
developing CAR-T therapy for cancer and other diseases. 
The company’s development pipeline includes two lead 
products in the IND-enabling stage. Its proprietary anti-
gen-receptor complex T cell (ARC-T) platform technology 
is initially targeting cancer therapies, but has use in other 
non-oncology indications. 

CAR-T Trials: Oncology CAR-T Trials: Autoimmune Disease

FIGURE 10. FIGURE 11. 

https://www.atarabio.com/pipeline/
https://www.atarabio.com/pipeline/
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https://www.quell-tx.com
https://www.sangamo.com/pipeline
http://www.arcellx.com/#pipeline
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Tackling the ongoing opioid challenge 
The current crisis of opioid abuse and 
overdose is beginning to rival the 
destructiveness of the HIV/AIDS epi-
demic. Daily, more than 130 people 
die in the US after overdosing on opi-
oids. Many biopharma companies are 
investing in new science intended to 
shift pain therapy approaches away 
from problematic opioids.

Signals Analytics reports that there 
are 640 ongoing clinical trials involv-
ing non-opioid nociceptive pain relief, 
most in Phase II or III. Among the com-
panies leading R&D efforts in this area 
is Pfizer. In April, however, Pfizer and 
partner Eli Lilly suffered somewhat of 

a setback involving tanezumab, where 
increased rates of osteoarthritis and 
other skeleta l side ef fects were 
reported in a Phase III trial. The study 
showed only limited pain-relief ben-
efit when compared to non-steroidal 
anti-inflammatory drugs (NSAIDs). 

Tanezumab is a novel group of pain 
therapeutics that target nerve growth 
factor. In the Phase III study, among 
those patients administered a 5 mg 
dose of tanezumab, about 6% experi-
enced progressing osteoarthritis, a 
condition in which joint destruction 
can occur in less than a half year. Still, 
trial results showed that tanezumab 

effectively reduces pain and increases 
function.

Also on the non-opioid pain treat-
ment front, Teva and Regeneron Phar-
maceuticals are working together, 
with more than 10,000 patients in 
Phase III trials for fasinumab, a com-
petitor to tanezumab. In study find-
ings released in July, fasinumab, a 
recombinant, ful ly-human anti-
nerve-growth-factor antibody, was 
shown, at different dosages, to improve 
pain and physical function in patients 
who have osteoarthritis. The drug 
worked in those who had little benefit 
from previous analgesic therapy. 

R&D Glance: Non-Opioid Approach

FIGURE 12. Most non-opioid drugs for nociceptive pain are receptor agonists targeting PTGS1 and PTGS2.

https://www.pfizer.com/science/drug-product-pipeline
https://www.pfizer.com/science/drug-product-pipeline
https://www.lilly.com/discovery/pipeline
https://www.tevapharm.com/research_development/pipeline/
https://www.regeneron.com/pipeline
https://www.regeneron.com/pipeline
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Alzheimer’s frustration 
Alzheimer’s disease is the most common form of dementia, 
and despite the best intentions of drug developers over the 
years, with many well-documented fits and starts, there 
is still no way to prevent the onset of the disease or halt its 
brain-ravaging progression. 

According to the Medical Condition Score Card in Sig-
nals Analytics’ Pharma Playbook, which comparatively 
maps the scientific potential of a cohort of diseases, 
Alzheimer’s disease ranks highest in preclinical research 
strength among CNS therapy pursuits. However, there is 
little promising clinical evidence needed for commercial-
izing therapies.  

A recent white paper authored by Signals Analytics states 
that the complexity of treating Alzheimer’s, the controversy 
surrounding its underlying pathology, safety issues, and a 
lack of proven clinical efficacy have all contributed to the 
search for a cure being abandoned by many companies, 
including Lilly, AstraZeneca, Roche, Johnson & Johnson, 
and Pfizer. Still, there has been an increase of 147% in 
research papers published on Alzheimer’s since 2014.

In March, Biogen and its partner Eisai Co. ended two 
late-stage trials of the human monoclonal antibody adu-
canumab. At the time, it marked a major setback in the quest 

Preclinical research efforts remain strong. 
Yet, many efforts to develop therapeutic 

treatments end up in a wasteland of 
clinical trial failures. If a therapy reaches 
market, there will be questions of access, 

coverage, and cost.

Nektar Therapeutics’ NKTR-181, which has been in 
Phase III, is a form of oxycodone to which is linked poly-
ethylene glycol. For treating moderate-to-severe chronic 
low back pain, the candidate causes a slower release of 
dopamine. Over the summer, FDA delayed a planned advi-
sory committee hearing on NKTR-181. But it appears that 
the agency has been delaying all advisory committee meet-
ings involving opioid treatments as it forms new opioid 
approval policy guidelines. The NDA for NKTR-181 con-
tinues under review. 

On a positive note, Heron Therapeutics’ HTX-011 
reduced pain intensity and opioid consumption in a Phase 
III EPOCH 2 study for open inguinal hernia repair surgery 
with mesh. HTX-011 achieved all primary and key second-
ary endpoints, showing statistically significant reductions 
in pain intensity and the use of opioid rescue medications 
after surgery, as well as an increase in the proportion of 
opioid-free patients. 

Tremeau Pharmaceuticals is initiating Phase III trials 
of TRM-201, or rofecoxib, for hemophilic arthropathy, a 
serious orphan disease for which high-potency opioids are 
the current standard of care. 

In June, Centrexion Therapeutics completed patient 
enrollment in its second pivotal trial, Victory-2, a random-
ized, double-blind, placebo-controlled, repeat-injection-
at-six-months, 52-week study evaluating the efficacy and 
safety of intra-articular (IA) injections of CNTX-4975 in 

332 participants with chronic moderate-to-severe knee 
osteoarthritis (OA) pain. CNTX-4975 is a synthetic, ultra-
pure, IA injection of trans-capsaicin designed for injection 
directly into the site of pain. It harnesses the analgesic 
potential of capsaicin to provide durable and targeted pain 
relief, with onset of response by the second day after injec-
tion. In January 2018, CNTX-4975 received fast-track des-
ignation from FDA for treating moderate-to-severe pain 
associated with knee osteoarthritis. 

In April, Teva received European Commission market-
ing authorization for Ajovy  (fremanezumab-vfrm) 225 mg 
solution for injection in pre-filled syringe for the prophy-
laxis of migraine in adults who have at least four migraine 
days per month. 

Ajovy is a humanized monoclonal antibody that binds 
to the calcitonin gene-related peptide (CGRP) ligand and 
blocks its binding to the receptor. The drug is approved in 
the European Union and US intended to prevent migraines, 
and offers both quarterly and monthly dosing options for 
the phrophylatic treatment of migraines. 

US WorldMeds, whose Lucemyra (lofexidine hydrochlo-
ride) was approved by FDA in May 2018 to dampen with-
drawal symptoms during the abrupt discontinuation of 
opioids in adults, is running a randomized, double-blind, 
placebo-controlled study on the safety and effectiveness 
of using Lucemyra when tapering down and withdrawing 
from opioid use. 

https://www.pfizer.com/science/drug-product-pipeline
https://www.astrazeneca.com/our-science/pipeline.html
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Opioid Drugs: Market vs. Research

FIGURE 13. As the top chart illustrates, after products targeting PTGS, opioid therapies are the most commonly 
launched drugs for nociceptive pain. However, amid the US opioid crisis, late-stage research for opioid drugs, as 
expected, has decreased in recent years.
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to find a treatment. Aducanumab was one of the last tests 
of the belief that removing amyloid beta deposits from the 
brain of early disease-stage patients could hold therapeu-
tic value. Such hope, however, was revived last month, with 
the surprise about-face by Biogen and Eisai, who based on 
discussions with FDA, now intend to file a biologics license 
application (BLA) for aducanumab early next year after 
considering a larger dataset analysis from the Phase III 
EMERGE study that showed significant reduction in clin-
ical decline in a subset of patients receiving the drug.

Shanghai company Green Valley Pharmaceutical Co. is 
developing GV-971, a multi-targeting carbohydrate-based 
drug for treating patients with mild-to-moderate Alzheim-
er’s disease. It passed a Phase III clinical trial and is await-
ing possible approval from China’s National Medical Prod-
ucts Administration. During the study, after 36 weeks of 
treatment, GV-971 significantly optimized the cognitive 
impairment of patients who had Alzheimer’s. 

Meanwhile, vTv Therapeutics is in Phase II trials with its 
drug candidate azeliragon. The orally bioavailable small 
molecule targets the receptor of advanced glycation end-
products (RAGE), an immunoglobulin-like cell surface 
receptor that overexpresses in those with Alzheimer’s. vTv 
will begin a Phase II/III study in mild Alzheimer’s disease 
patients with type 2 diabetes, with results possible next year. 

New York City-based biotech Oligomerix is in the early 

stages of developing a proprietary small molecule inhibi-
tor and biomarker platform. The company is developing 
CNS small molecule lead compounds for neurodegenera-
tive diseases intended to inhibit the formation of tau oligo-
mers at the beginning of the aggregation process. Oligo-
merix’s biomarker effort is in the discovery stage, while its 
tau oligomer inhibitor program is in the preclinical stage.

AC Immune is launching a Phase Ib/IIa clinical trial to 
evaluate its investigational anti-tau vaccine, ACI-35.030, 
as a potential disease-modifying treatment for Alzheimer’s 
disease and other tauopathies. The trial is a randomized, 
multicenter, double-blind, placebo-controlled study with 
a primary objective to assess the safety, tolerability, and 
immunogenicity of different doses of ACI-35.030 in patients 
with early-onset Alzheimer’s. 

In new research, scientists at Temple University are link-
ing dysfunctional changes in calcium transport by mito-
chondria, which are the energy-generating powerhouses of 
cells, to the progression of Alzheimer’s disease. Calcium 
transport into mitochondria reportedly plays an important 
role in many cellular functions and requires the involve-
ment of multiple proteins to be carried out effectively.  

Joseph Constance is an independent writer and analyst based 
in New Jersey. He can be reached at jacpub@gmail.com

Alzheimer’s Reach: Targets in Market, R&D

FIGURE 14. (Left) AChE, GRIN1, and BCHE are the three main enzymes targeted by launched Alzheimer’s disease treatments ; while (right) APP and 
BACE1 are the most active targets in advanced research for AD.
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CNS Condition Comparison

FIGURE 15. Compared to other CNS diseases, preclin-
ical research in Alzheimer’s disease is very strong. The 
pace of clinical research in AD (left) is considerably less, 
but, on average, is solid.

Methodology

Pharm Exec chose the topics and 
selected therapeutic categories for this 
report based on input from its Editorial 
Advisory Board (EAB), current industry 

trends, independent research by Joseph 
Constance, and data insights from 

Signals Analytics. As in previous years, 
our Pipeline Report highlights both the 

challenges and successes as drugs move 
independently along and their broader 

therapeutic fields evolve.




