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Overcoming Hurdles in 

Emerging Therapy Development

The development of emerging therapies poses unique manufacturing 
and formulation challenges for drug developers as candidates such as 

cell and gene therapies advance through the pipeline.

FELIZA MIRASOL

T
he development of emerging therapies has 

intensified as the shift towards precision 

medicines gains momentum. Drugmakers 

seeking to address diseases that are rare, 

that lack treatment options, or for which 

current therapy is inadequate, are focused on 

bringing to market treatments such as cell thera-

pies and gene therapies, among others. 

Unlike traditional small-molecule pharmaceu-

ticals and conventional antibody-based biolog-

ics, however, the roadblocks to developing and 

manufacturing cell and gene therapies can get 

complicated because of their inherent molecular 

complexity and the fact that their mechanisms of 

action are not fully understood.

BRINGING PRECISION MEDICINES TO MARKET

Few cell therapies are approved by FDA in the United 

States (1), and in August 2017, the agency approved 

the first gene therapy, Kymriah (tisagenlecleucel), a 

leukemia treatment by Novartis. Cell therapy encom-

passes cellular immunotherapies and other types of 

autologous and allogenic cells, including adult and 

embryonic stem cells, for certain therapeutic indica-

tions (2). Gene therapies treat diseases or medical dis-

orders by introducing genetic material into a patient’s 
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DNA to replace faulty or missing 

genetic material (2).

Promising Cell Therapies

T he  f i r s t  auto logou s  F DA -

approved cell therapy is Dendreon 

Pharmaceuticals’ (Seal Beach, CA) 

Provenge (sipuleucel-T), an immu-

notherapy approved in Apri l 

2010 for treating prostate can-

cer. Dendreon, now a standalone 

company following the June 2017 

closure of its $819.9-million acquisi-

tion from Valeant Pharmaceuticals 

by China’s business conglomer-

ate, Sanpower Group, aims to fur-

ther accelerate and expand access 

to Provenge. The treatment is 

designed to stimulate a patient’s 

own immune system to target and 

attack prostate cancer (3).

“We were the first to bring an 

autologous cellular immunotherapy 

to market with Provenge, and essen-

tially, there was no roadmap for us 

to follow. We worked very closely 

with FDA to broach this field and 

pioneered the scientific and regula-

tory paths for other personalized 

treatments that use the body’s own 

cells,” says Nadeem Sheikh, vice-

president, Clinical Development & 

Medical Affairs, Dendreon. 

“Provenge is manufactured from 

a patient’s own peripheral blood 

mononuclear cells and aims to tar-

get the immune system in a natu-

ral vaccination treatment process 

outside of the patient’s body. The 

resulting immunotherapeutic com-

prises activated antigen-presenting 

cells that program antigen-specific 

T cells to target and eliminate 

prostate cancer cells. This results 

in a survival benefit in men with 

metastatic castrate-resistant pros-

tate cancer,” according to Sheikh.

Newer cell therapies garnering 

attention are chimeric antigen 

receptor (CAR)-T cell therapies. 

CAR-T therapy is a rapidly emerg-

ing immunotherapy approach (4). 

CAR-T cell therapies are developed 

by gene transfer, making them also 

a type of gene therapy (5).

CAR-T cell therapy involves har-

vesting an individual patient’s T 

cells from their own blood (leuka-

pheresis); genetically encoding the 

T-cells in a manufacturing facility

to express a CAR that reprograms

the cells to target and attack cancer

cells and other B-cells expressing a

specific antigen (Figure 1); amplify-

ing the reprogrammed T cells; and

delivering them back to the patient

for infusion (4,6).

Until recently, CAR-T therapy 

was restricted to use in small clini-

cal trials, largely in advanced blood 

cancers. This type of therapy has 

been attracting attention from 

researchers and the public because 

of the responses CAR-T has pro-

duced in some patients for whom 

all other treatments had stopped 

working (4). As a result, drugmakers 

are focusing on developing CAR-T 

therapies for the market.

Two firms poised to market their 

respective CAR-T therapies are 

Novartis and Kite Pharma (Santa 

Monica, CA), a cell therapy com-

pany. Most recently, FDA approved 

Nova r t i s ’  C A R-T  ca nd idate , 

Kymriah (tisagenlecleucel), on Aug. 

30, 2017 for treating a form of acute 

lymphoblastic leukemia (ALL). This 

marks the first CAR-T cell therapy, 

as well as the first gene therapy, to 

be approved by FDA (7). 

The therapy was in it ia l ly 

developed by the University 

of Pennsylvania (Penn). In 2012, 

Novartis teamed up with Penn in 

a global collaboration to further 

research, develop, and commercial-

ize CAR-T cell therapies, including 

Kymriah, for cancers.

Kite is awaiting FDA’s decision 

on its lead CAR-T candidate, axi-

cabtagene ciloleucel (axi-cel). The 

company’s biologics license appli-

cation (BLA) for axi-cel remains 

under review, and the company 

anticipates a Prescription Drug 

User Fee Act (PDUFA) action on 

Nov. 29, 2017 (8). Axi-cel therapy 

involves T cells that are geneti-

cally engineered to express a CAR 

Figure 1: An illustration that shows chimeric antigen receptor (CAR)-T cell 

therapy at work.
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that targets antigen CD19, a pro-

tein expressed on the cell surface of 

B-cell lymphomas and leukemias.

Based on the market potential of

axi-cel, Gilead Sciences is set to

acquire Kite in an $11.9-billion deal

that is anticipated to close in the

fourth quarter of 2017 (9).

Commenting on FDA’s approval 

of the first gene therapy in the US, 

Janet Lambert, CEO at the Alliance 

for Regenerative Medicine, said in 

a statement that FDA’s approval of 

Kymriah was a “historic and monu-

mental milestone” for patients and 

the regenerative medicine sector (10). 

“CAR T-cell therapies and other 

cell-based immuno-oncology tech-

nologies will transform the stan-

dard of care for many oncological 

indications, a huge area of medical 

need,” she said in the statement. 

“According to our recently issued 

data report, 50% of clinical trials 

utilizing regenerative medicine 

technology, including cell or gene 

therapies, are in oncology. Nearly 

900 trials are currently underway 

in cell and gene therapy across 

numerous indications.”

Gene Therapy in the Works

In comparison with the advance-

ment of cell therapy products in 

the US, gene therapy lags slightly 

behind. A lthough only one 

gene therapy has been approved 

by FDA’s Center for Biologics 

Evaluation and Research (CBER) to 

date, the agency has acknowledged 

that gene therapy-related R&D, as 

well as cellular therapy R&D activi-

ties, continue to grow at a fast rate. 

CBER receives substantial requests 

from medical researchers and man-

ufacturers to study and develop 

gene-therapy products (2). 

Gene therapy is still largely an 

experimental form of treatment. 

Researchers are generally test-

ing several approaches, includ-

ing: replacing a disease-causing 

mutated gene with a healthy copy of 

that gene; inactivating (aka, knock-

ing out) an improperly functioning 

mutated gene; and introducing a 

new disease-fighting gene into the 

body (11). Inherited disorders, some 

types of cancer, and certain viral 

infections can potentially benefit 

from gene therapy, but it remains 

risky because its safety and efficacy 

are not fully understood. Gene 

therapy is only being tested to treat 

diseases that have no other treat-

ment options (11).

In cancer studies, gene therapy 

approaches include targeting can-

cer cells to either destroy or inhibit 

growth; targeting healthy cells 

to enhance their cancer-fighting 

ability; and removing cells from 

the patient, treating the cells with 

a vector in the laboratory, and 

returning the cells to the patient, 

or, in some cases, delivering the 

vector directly to the patient (12). 

In addition to cancer studies, hun-

dreds of clinical trials are under 

way to test gene therapy for treat-

ing genetic conditions and HIV/

AIDS (11). 

Spark Therapeutics (Philadelphia, 

PA) is another company that may 

be close to marketing a gene ther-

apy product. FDA accepted the 

company’s BLA in July 2017 for 

voretigene neparvovec (trade name: 

Luxturna), an investigational, 

gene therapy candidate for treat-

ing vision loss due to confirmed 

biallelic RPE65-mediated inherited 

retinal disease (IRD). FDA granted 

the BLA priority review and gave 

voretigene neparvovec a rare pedi-

atric disease designation. FDA is 

expected to make a decision on 

the candidate on Jan. 12, 2018, the 

assigned PDUFA date (13).

ROADBLOCKS IN MANUFACTURING

Cell and gene therapies have 

hurdles to overcome on the road 

to market, particularly logistics, 

safety issues, and appropriate ana-

lytical testing in manufacturing. 

Unlike traditional small-molecule 

and conventional biologic drugs, 

in which producing commercial 

product is a matter of scaling-up 

the manufacturing process, or 

making larger batches for broad 

distribution, many emerging ther-

apies, particularly cell and gene 

therapies, are patient-specific, for 

which a simple scale-up may not 

be applicable.

“Pat ient-speci f ic autologous 

therapies require manufacturing 

batches of one-per-patient, in a 

massively parallel fashion. This 

requires the set-up of multiple 

workflow unit operations as par-

allel production lines, or even 

rooms in a facility,” says Phil 

Vanek, general manager, cel l 

therapy growth strategy at GE 

Healthcare, a provider of medical 

technologies and services, includ-

ing biopharmaceutical manufac-

turing technologies.

“Physically connecting and auto-

mating the process can reduce 

the complexity, and therefore the 

risk, in manufacturing. The com-

plexity of translating clinical pro-

cesses, where perhaps only 10 to 20 

patients are treated per year to full 

commercial production, introduces 

challenges of scaling operations, 

managing sample custody through 

the entire production process, 

and de-risking many  individual 

Inherited disorders, 

some types of cancer, 

and certain viral 

infections can  potentially 

benefit from gene 

therapy, but it is risky. 
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 manually intensive steps along the 

workflow,” Vanek says.

Developing a commercial-scale 

manufacturing strategy depends 

on the therapy itself, says John 

Knighton, head/vice-president of 

API-large molecule development, 

pharmaceutical development and 

manufacturing sciences, Johnson 

& Johnson (J&J). In some cases, it 

is a matter of scaling up produc-

tion, which is a more traditional 

approach for protein therapeutics. 

In other cases, it is more of a large 

scale-out program, where individ-

ual patient cells are tracked from 

leukapharesis to return delivery to 

the same patient. 

“That, as you move into a mas-

sive commercial-scale, also has its 

challenges even though it is not a 

scale-up process, but rather a scale-

out one. The magnitude of under-

standing the logistics of getting 

that product back to that patient 

while tracking it and ensuring 

safety all has to be taken into 

account,” Knighton says.

For Dendreon, the first company 

to have a cellular immunother-

apy on the market, development 

challenges for Provenge included 

acquiring and transporting the 

leu kapheres i s  produc t  f rom 

patients across the US to the com-

pany’s manufacturing facility in a 

timely fashion, and in which the 

cells would still be viable; mak-

ing the immunotherapeutic; and 

infusing it back to the patient 

under a tight timeline (Figure 2). 

“From beginning to end, we 

have just three days to collect, 

manufacture the immunothera-

peutic, and reinfuse Provenge back 

into the patient. In order to do 

so, we must receive the patient’s 

blood within hours or we can’t 

use it. That clock starts again once 

Provenge leaves our manufactur-

ing facility. On both ends there 

has been nearly 100% viability of 

the product. That’s a remarkable 

achievement,” says Sheikh. 

“Because  our  immunother-

apy approach targets the entire 

immune system in a natural vacci-

nation process outside of the body, 

the primary challenge was the 

cross-country logistics that would 

keep cells viable and allow for pro-

cessing and activation of the cells 

of the immune system. Today we 

have perfected those processes 

and logistics, ensuring the success-

ful treatment of over 20,000 men 

with advanced prostate cancer,” 

Sheikh says.

Provenge is administered in 

three treatment courses, and each 

course requires fresh leukapher-

esis product that must be delivered 

to the manufacturing facilities 

for processing and then delivered 

back to the patient, according to 

Sheikh. “We do that three times in 

each treatment course, so in treat-

ing 20,000 patients, we’ve had to 

do this commercially 60,000 times 

over the past seven years. In addi-

tion to the commercial processes, 

former and current clinical trials 

together have resulted in many 

more thousands of successful pro-

cesses being completed,” he says.

“Much effort went into devel-

oping Provenge, from translat-

ing the scientific concept into a 

manufacturing process, to meet-

ing the challenges of being able 

to get the immunotherapeutic to 

the patient in a timely manner,” 

Sheikh says. “The success, or even 

failure, of other cellular therapies 

will depend on the way that drug-

makers navigate complex issues 

around logistics, manufacturing, 

and safety issues,” he adds.

In addition to issues with scale-

up/scale-out and logistics, other 

challenges to manufacturing and 

developing cell and gene thera-

pies are having the right analytical 

tools/assays to characterize these 

types of products, according to 

Ravinder Bhatia, director, pharma-

ceutical development and manu-

facturing sciences, J&J.

“Cell therapy and gene therapy 

are complex products, often het-

erogeneous mixtures, with com-

plex mechanisms of action. Because 

of this, more sensitive analytical 

assays are needed to characterize 

Figure 2: Among the challenges in cell and gene therapy manufacturing is the 

tight timeline required to deliver the therapy back to the patient for infusion.
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the  product and to understand their 

mechanisms of action. I see this as 

one of the challenges to develop 

these types of therapies,” Bhatia says.

PLANNING AHEAD

Because manufacturing cell and 

gene therapies can be complicated, 

forethought is needed early on in 

the product development cycle to 

plan ahead for commercialization 

of the manufacturing process. 

“Suff icient advance thought 

must be given to the operational 

complexity of ult imately pro-

ducing and distributing tens of 

thousands of a patient’s processed 

samples in a carefully orches-

trated, t ime-sensitive manner. 

Specifically, process optimization 

is key in the early stages of clinical 

development to assure an appro-

priately scaled capability that 

can deliver commercial volumes 

of patient doses in a robust and 

reproducible manner,” says Vanek.

“For these types of products, 

especially cell therapies and gene 

therapies—these are not very well 

characterized molecules—we have 

to think about commercialization 

of our process at a very early stage. 

If we are developing a process, we 

should also have a commercial 

process in mind to plan ahead for 

what the scale-up will look like. 

We make changes to the process as 

we scale-up to commercial level,” 

says Bhatia. 

Some drugmakers, in planning 

ahead, are strategically invest-

ing in manufacturing now. Pfizer, 

for example, is moving forward 

with plans to invest in a new 

clinical and commercial gene 

therapy manufacturing facility 

in Sanford, NC. The company 

said in a statement that work on 

the facility is still in the prelimi-

nary stages. The investment of 

$100 million will build upon a 

technology first developed at the 

University of North Carolina at 

Chapel Hill (14).

Pfizer intensified its pursuit of 

developing gene therapies with 

the August 2016 acquisition of 

Bamboo Therapeutics, a privately 

held biotechnolog y company 

based in Chapel Hill focused on 

developing gene therapies for 

rare diseases related to neuro-

muscular conditions and central 

nervous system disorders (15). 

Pfizer also committed $4 million 

to support postdoctoral fellow-

ships in North Carolina universi-

ties for training in gene therapy 

research (14).

OTHER HURDLES

Other challenges include the 

inherent complexity that cell and 

gene therapies have. Add to that 

the complexity of the human 

immune system, which is not fully 

understood and which forms the 

basis of development for these 

types of therapies.

“Amongst the biggest challenges 

in mass production is the biologi-

cal diversity with which the indus-

try has to contend, such that every 

manufactured dose conforms to 

quality and performance standards, 

since the incoming patient samples 

are likely highly variable,” says 

Vanek. 

He also points out that, like 

most living biological materials, 

these therapies have short shelf-

lives. Because of this, cold storage, 

or having a cold supply chain, is 

also a critical detail to take into 

account during formulation of 

the drug product (Figure 3). “Thus, 

introducing a cryopreservation step 

during formulation can add a time 

buffer in the distribution chain, 

something that needs to be opti-

mized well in advance of commer-

cial distribution,” Vanek explains. 

“Overal l, the complexity of 

manufacturing these new bio-

logical therapies in state-of-the-

art facilities, while managing a 

sophist icated, highly var iable 

supply chain, make production 

of these therapies somewhat 

more cha l leng ing than pro -

d u c i n g  c h e m i c a l  a n d  b i o -

log ic a l  d r ugs ,”  Va ne k  s ay s . 

“Technology companies like GE 

recognize these surmountable 

Figure 3: Cell and gene therapies typically require storage at ultra-cold 

temperatures to remain viable, another critical factor in their development.
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 manufacturing challenges, and 

thus invest to provide the tools 

and processes to enable research-

ers and pharmaceutical compa-

nies to bring these new therapies 

into widespread clinical use,” 

“One of the challenges we see in 

cell and gene therapies is the sta-

bility of the product. To maintain 

product stability, gene therapy 

products are stored at or below 

-70 °C and cell therapy products

are stored in liquid nitrogen vapor

phase at a temperature below -130

°C,” notes Bhatia.

Ultra-cold-temperature stor-

age could pose a challenge, par-

ticularly in setting up the supply 

chain to distribute the product. 

“As we start to mass produce these 

types of drugs, it is important 

that the ultra-cold supply chain is 

established to distribute the prod-

ucts to hospitals. In long-term, we 

need to invest in the development 

of formulations/technologies to 

keep the product stable at room 

temperature or refrigerated tem-

perature (2–8 °C),” Bhatia says.
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In a study conducted by H.F. Moffett et al., researchers 

developed targeted messenger RNA (mRNA) nanocarriers 

to address the manufacturing complexities of cell and gene 

therapies. These were mixed simply with cells to reprogram 

them through transient expressions.

With this approach, the researchers tested three ways to 

effect cell transformation using the mRNA nanocarriers to:  

knock out selected genes in anti-cancer T-cells; transfect 

T-cells with mRNAs that encode a key transcription factor

of memory formation to imprint a long-lived phenotype

with improved anti-tumor activities into those T-cells; and

program hematopoietic stem cells with improved self-renewal

properties (1).

“Unfortunately, the available gene-therapy toolbox, which 

includes virus-mediated transduction approaches and 

physical electroporation methods, does not allow clinicians 

to apply the potential of genetic engineering without adding 

specialized protocols to an already complex and costly 

manufacturing process,” reported Moffett et al. in their 

study results.

The study demonstrated that by using two therapeutic cell-

based products—in this case, CAR-programmed T-cells and 

stem cells—appropriately designed mRNA nanocarriers can 

transiently program gene expression to improve therapeutic 

potential. 

“We show how cell function and/or differentiation can 

be permanently reprogrammed by the simple addition of 

bioengineered NPs [nanoparticles] to cultures of cells used 

for therapy. This nanotechnology platform does not require 

special cell handling, so it can be easily integrated into 

established protocols for the manufacture of therapeutic cells 

without changing the workflow, or the equipment used in the 

process. Compared to RNA electroporation, which is currently 

the method of choice for ‘hit-and-run’ gene therapy in cell-

based products, this could provide a significant advantage in 

manufacturing,” the report authors said.
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Nanoparticles in the Mix
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