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As we enter the age of precision 

and personalized medicines, cell 

and gene therapies will increas-

ingly play a prominent role, not only for 

patients with rare diseases, but also for 

those with more common illnesses such as 

cancer or cardiovascular disease. With this 

in mind, it is critical that biopharmaceutical 

manufacturing processes are able to supply 

these medicines in sufficient quantities to 

meet demand. That demand ranges from 

relatively small (for medicines that are 

highly potent or destined for the treatment 

of rare diseases), to relatively large (for 

drugs needed in high dosages or to treat 

more common disorders). The greater com-

plexity of cell and gene therapies compared 

with traditional small molecule and bio-

logical drugs introduces new challenges in 

bioprocessing and manufacture.

Several companies in the industry are now 

helping develop new technologies and meth-

odologies designed to meet these challenges, 

but this means that new assessments, guid-

ances and regulations are required from 

regulatory bodies. These are just some of the 

challenges that underlie the questions being 

raised about how we can produce cost-effec-

tive therapies at the required industrial scales.

This gives us a sense of déjà-vu since the 

same challenges arose 30 years ago with 

the development of monoclonal antibodies 

(mAbs). So, to address current gene ther-

apy manufacturing challenges, we should 

leverage lessons from the past.

WHAT WE LEARNED FROM MABS
Major advances like optimization of expres-

sion systems, cell line modifications and 

Clearing the hurdles of gene 
therapy manufacturing 
Optimizing processes and reducing costs for industrial scale production

Rene Gantier, Director Process Research & Development, Pall Biotech 
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customization of cell culture media enabled 

the production of mAbs at very high pro-

ductivity levels. In fact, these advances 

have led to a 100-fold increase over three 

decades in mAb concentration produced 

from engineered cells.

At the same time, improved downstream 

separation methods significantly increased 

the yield of recovery, while improving prod-

uct safety. For mAbs, downstream yields 

have increased up to 80 percent over the 

last 30 years; for viral vectors, the current 

yield is about 30 percent (varying from 

approximately five to 60 percent). These 

improvements required a concerted effort 

combining both biological and engineering 

expertise. The same collaboration between 

disciplines will be key to making gene and 

cell therapies accessible to a large popula-

tion at an affordable price.

That said, producing viruses is not the same 

as producing mAbs. There are more com-

plex requirements at virtually every stage 

of the process, making it necessary to con-

sider each bioprocess step, while still being 

mindful of the overall process. For example, 

unlike with mAbs, the use of stable pro-

ducer cell lines grown in suspension mode 

is substantially more complicated with viral 

vector production due to the toxicity of the 

virus to the producer cells. This has limited 

the possibility to develop high productivity 

producer cell lines. In most cases a higher 

virus titer is achieved when growing the 

cells in adherent mode, using plastic flasks 

and bottles, which considerably reduces the 

ability to scale-up the process.

OPTIMIZING EACH PHASE 
OF PRODUCTION
To address the scalability and productivity 

issues, upstream processes can be trans-

ferred from flatware to three-dimensional 

fixed-bed bioreactors. This type of biore-

actor is well suited for the production of 

viruses because it allows cells to grow to 

a high density, at the surface of a porous 

material, in a carefully controlled environ-

ment optimized for adherent cell culture. 

The bioreactor is designed to enable per-

fusion and recirculation with low shear 

stress on the cells, to provide optimal gas 

exchange, nutrient supply and by-prod-

uct elimination.
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The seed train protocol can also be opti-

mized and simplified to further maximize 

the achievement of high cellular density in 

the bioreactor. Further, cell culture condi-

tions — such as the media, temperature, pH, 

media linear speed, (which affects nutri-

ent usage by the cells and gas exchange), 

and aeration — can be defined, to better 

achieve consistently high productivity. For 

adeno-associated virus (AAV), the most 

commonly used virus for viral vectors in 

gene therapies, batches yielding >1016 viral 

genomes can routinely be achieved using an 

automated, single-use, fixed-bed bioreactor.

The downstream process must also be 

optimized. Chromatography and filtration 

steps can be designed to achieve maximum 

virus separation and purification. For exam-

ple, empty or incomplete capsids that can 

reduce the viral potency and create immune 

reactions can be effectively removed, 

along with other impurities such as 

double-stranded DNA, cells and cellular pro-

teins, through the use of an anion-exchange 

chromatography membrane technology. 

The final concentration and formulation of 

the virus preparation can also be designed 

to maintain the maximized virus yield. Such 

refinements at every relevant stage of the 

entire bioprocess can significantly increase 

the productivity and reduce the cost of viral 

vector manufacturing.

ADDING ADVANCED 
TECHNOLOGIES
Even further improvement is achievable by 

implementing continuous manufacturing 

techniques. Having recognized how contin-

uous manufacturing has transformed other 

sectors, such as the automotive, and food 

and beverage industries, it is no wonder 

that the biopharmaceutical industry is now 

considering a shift from conventional batch 

production to continuous biomanufacturing. 

In anticipation and encouragement of this 

much needed advance, several companies 

have invested heavily into the development 

of end-to-end integrated platforms, con-

sisting of innovative enabling technologies 

To address current gene therapy 
manufacturing challenges, we should 

leverage lessons from the past.

www.PharmaManufacturing.com

﻿ eBOOK: 2020 Facility Trends 6



and unit operations that can bolt together 

in manifold ways to optimally manufacture 

on an industrial scale a variety of biophar-

maceuticals including recombinant proteins 

and mAbs, but also viral vectors such as 

lentiviruses or AAV.

Continuous bioprocessing has been devel-

oped for monoclonal antibodies. Compared 

to batch processing, continuous can reduce 

the footprint of a manufacturing site by 

anywhere from 40-90 percent and reduce 

both operating expense (OpEx) and cap-

ital expenditure (CapEx) by up to 60 

percent. Having demonstrated that con-

tinuous manufacturing of mAbs reduces 

the operating and capital costs, the time 

to process and the facility footprint, while 

securing a high and consistent product 

quality, we are developing a similar pro-

cess to produce viral vectors with the same 

high expectations. By working closely with 

customers to understand their existing 

processes, identify the process needs, and 

define the manufacturing objectives, ven-

dors can customize the entire platform, 

providing solutions tailored to the biopro-

cessing of gene therapy viral vectors. The 

immediate benefit of implementing con-

tinuous bioprocessing for viral vectors will 

be a significant increase in yield of product 

recovered since residence time in the con-

tinuous mode is reduced when compared to 

batch processing.

If compliance requirements, such as those 

for current Good Manufacturing Prac-

tices (cGMP), are addressed, companies 

can tackle issues and troubleshoot at the 

outset and avoid more costly issues further 

down the line. For instance, by including 

single-use components that contribute to 

minimizing potential sources of contam-

ination, as well as reusable components, 

companies can reduce operation and 

capital investment costs. An integrated 

approach, which encompasses the hard-

ware, consumables and automation for both 

unit operations and the entire bioprocess, 

should enable companies to develop and 

implement a more cohesive design that 

meets the requirements of the entire bio-

process as a whole.

To facilitate such an approach, the design 

can be made with the use of tools such as 

those using virtual reality (VR). Recent VR 

P
ho

to
 c

o
ur

te
sy

 o
f 

P
al

l C
o

rp
o

ra
ti

o
n

www.PharmaManufacturing.com

﻿ eBOOK: 2020 Facility Trends 7



platforms have been developed to allow 

customers to walk through the biomanufac-

turing facility at the design stage. This gives 

them the opportunity to check that the 

space and infrastructure are set up and laid 

out to enable the easy manipulation and use 

of the equipment, for example, making sure 

that there is enough space to assemble and 

disassemble single-use bioreactors into the 

manifold. That way, adjustments could be 

made “on paper,” avoiding costly changes 

later on, after the facility or its components 

are constructed.

TRANSITIONING INTO THE FUTURE
These are just a number of ways that costs 

can be reduced, and cost effectiveness built 

into the bioprocessing and manufacture 

of cell and gene therapies. By moving to 

continuous processing, biopharmaceutical 

companies are experiencing the benefits 

of improved process economics, increased 

process design flexibility, shorter develop-

ment times, and easier scale-up/down.

During the transition, the industry has been 

working closely with regulators to come up 

with rules that ensure patient safety remains 

at the forefront. If we produce these 

promising, novel cell and gene therapies 

continuously, we will bring them to market 

and clinic sooner, and make precision and 

personalized regenerative medicines a real-

ity for patients the world over. 

An integrated approach should enable 
companies to develop and implement a more 
cohesive design that meets the requirements 

of the entire bioprocess as a whole.
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Asset maintenance is often one of 

the single largest items included in 

the budget of any manufacturing 

business regardless of the industry — and 

there are reasons for that. Regular and 

well-executed maintenance is vital for keep-

ing equipment, machines, and the entire 

plant safe and functional.

For pharmaceutical plants, asset mainte-

nance is essential for all the above reasons 

and much more. The pharmaceutical indus-

try is subject to strict regulations such as 

the U.S. Food and Drug Administration’s 

(FDA) Current Good Manufacturing Prac-

tice (cGMP) regulations. Apart from the 

stringent standards for drug production, 

pharmaceutical brands are also compelled 

to guarantee the integrity of each drug until 

it gets to every patient.

We have seen, time and again, the damage 

that poorly maintained assets can have 

on a company’s reputation and longevity. 

Among other things, poor or inadequate 

maintenance leads to operational inef-

ficiency, dangerous work situations, 

accidents, and health problems. If a brand 

is associated with any of these common 

effects of poor maintenance, patients will 

likely begin to avoid those products.

Before discussing the impact of poor 

maintenance, it’s helpful to briefly look at 

the typical operational scenario in a poor-

ly-maintained plant.

Reputation maintenance 
Pharma can protect its brand reputation with proactive 
and well-executed asset maintenance strategies

Bryan Christiansen, Founder and CEO, Limble CMMS
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A TYPICAL POORLY 
MAINTAINED PLANT
A poorly maintained pharmaceutical plant 

will face several challenges which can mani-

fest in any of the following ways:

Heavy reliance on reactive maintenance

One of the common signs of poor main-

tenance, repair, and overhaul (MRO) 

operations in a plant is a continual recourse 

to reactive maintenance. This happens 

because such a system lacks a structured 

approach to maintenance.

From the absence of the most basic 

controls (like routine maintenance and 

inspections) to the unavailability of more 

advanced tracking systems (e.g condi-

tion-based monitoring and CMMS), and 

other resources that can provide visibility 

into the condition of critical assets, the 

chances of preempting potential equip-

ment failure are slim to none. This lack of 

structure results in a distracted mainte-

nance team that spends a large part of 

their workday attending to one emergency 

after another.

Prolonged equipment downtime

In the kind of plant described above, faulty 

assets are likely to remain out of use for 

extended periods. Imagine the result of 

unplanned downtime on critical equipment 

such as mixing vessels or homogenizers 

— especially the continual interruptions to 

production deadlines that will happen.

Deteriorating services

Over time, indifference to minor faults in 

the plant, machinery, and buildings will 

create a problem of escalating maintenance 

cost due to expensive and frequent repairs 

that could have been minimized by being 

more proactive.

With that in mind, for a pharmaceutical 

company, how can a poor asset mainte-

nance culture affect brand reputation?

INCREASED RISK OF QUALITY 
CONTROL ISSUES
The danger of product contamination or 

microbial multiplication during the man-

ufacturing process is a major concern at 

pharmaceutical plants. Unfortunately, there 

Even missteps in everyday maintenance 
activities like cleaning can cause widespread 

contamination and fatalities.

www.PharmaManufacturing.com
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are almost endless opportunities for contami-

nation along the production line. For instance, 

if an over-lubricated machine part comes in 

contact with the product, that has already 

affected product quality. Even missteps in 

everyday maintenance activities like cleaning 

can cause widespread contamination and 

fatalities leading to cGMP non-compliance.

In a poorly maintained plant, anything from 

neglected cracks and holes on the walls and 

ceilings, to a leaking roof and loose machine 

parts and fragments can contaminate 

the product. The loss of revenue due to a 

wasted batch of products or spoiled mate-

rials is often significant and can run into 

hundreds of thousands of dollars. But that is 

still secondary when compared to the nega-

tive publicity of associating that brand with 

contaminated products.

MANUFACTURING AND 
OPERATIONAL INEFFICIENCIES
An indication of systemic inefficiency in 

a manufacturing plant is a lack of clear-

ly-defined objectives for the maintenance 

unit. Or where these objectives exist, per-

formance is not being tracked through 

maintenance key performance indicators 

(KPIs) and accompanying metrics. For 

manufacturers, a pattern of sustained 

operational inefficiency increases the risks 

of unplanned equipment downtime and 

wasted resources (e.g. labor, time and 

funds). When combined, these factors can 

jeopardize production deadlines.

For instance, let’s look at the potential 

effects of equipment downtime. Data from 

ARC Advisory Group case studies indicates 

that an hour of downtime could cost phar-

maceutical manufacturers to lose up to 

$500,000/batch or approximately $8,300/

minute on a scrapped batch.1 A typical 

situation where this can happen is when 

unplanned downtime disrupts production 

(due to component failure, etc.), but the 

issue is compounded because the main-

tenance technicians are waiting around 

for appropriate spare parts to complete 

the repairs.

Another issue with downtime is the ripple 

effect that it has on other areas of the 

system. When malfunctioning equipment is 

not detected in time, it can damage or oth-

erwise affect other assets. Also, downtime 

wastes labor hours for the repair techni-

cians as well as the machine operators. 

Again, other equipment problems, e.g. slow 

running or intermittent stoppage during 

production can spoil products and ruin an 

entire batch causing even more losses.

All these issues increase the probability that 

the affected plant will miss important pro-

duction deadlines. If their products are not 

available in the market, over time, patients 

will definitely opt for other brands. Even 

worse, the products may reach the market 

but will have to be recalled. Product recalls 

in the pharmaceutical industry can have the 

most damaging effect on a brand because 

www.PharmaManufacturing.com
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recalls tell a patient that a particular brand 

could put their health at risk. It is incred-

ibly difficult to erase this stigma from a 

brand’s reputation.

REGULATORY 
COMPLIANCE ISSUES
As mentioned before, this is a highly 

regulated industry and running short of reg-

ulatory standards is one of the most critical 

challenges that a pharmaceutical brand 

could face.

At inception, evidence of safe processes in 

a pharma plant is a paramount prerequi-

site before receiving a license to operate. 

A major part of safe processes is the con-

dition of the manufacturing equipment 

being deployed. After a plant’s equipment 

have been certified fit and released for 

GMP use, it is the maintenance practices 

that occur thereafter that will ensure ongo-

ing compliance.

In countries like the United States, poor 

asset maintenance practices guarantee that 

a brand will fail compliance audits. If the 

users of a drug become ill and auditors can 

establish that cGMP wasn’t followed during 

production, the company could face severe 

consequences. These consequences include 

the inevitable negative publicity that will 

follow criminal prosecution and heavy fines, 

losing its operating license, or government 

permanently closing down the plant.

POSITIONED FOR SUCCESS
Similar to the rest of the health care 

industry, there is minimal tolerance for 

maintenance errors in pharmaceuticals. 

Every step of the manufacturing process 

requires strict monitoring. Therefore, main-

tenance is essential for a pharma brand’s 

sustainability, competitiveness, brand repu-

tation, and value in the market.

By implementing a proactive and well-ex-

ecuted asset maintenance strategy 

supported by modern tools like comput-

erized maintenance management systems 

(CMMS), and top-notch technologies like 

condition-based monitoring and predictive 

maintenance, pharmaceutical plants are 

better positioned to achieve the necessary 

levels of safety, product quality, and overall 

functionality required for a seamless pro-

duction cycle.  

REFERENCES
1.	 McGrath, Dan. Is Your Plant Network 

Helping You Avoid Downtime? Industry 

Week. May 2017.
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If you could save well over 1,000 metric 

tons of CO2 and hundreds of thousands 

of dollars annually while improving your 

lab’s reliability, would you?

Surprisingly, the answer is often “No.” 

Because even in labs with optimized 

HVAC systems, the default mode 

is “hands off” the air handling units 

(AHUs). Given the importance of precise 

environmental controls to product quality 

and scientist safety, lab facility managers 

often feel uncomfortable with the idea 

of intervening in AHUs’ constant high-

energy operation — whether that level 

of output is needed or not. But AHU 

optimization done right doesn’t degrade 

safety or reliability; it actually improves key 

performance measures.

Air quality, freshness and humidity are 

important in sensitive environments, and 

an optimization project should give facility 

operators better control of those factors. 

The implementation process may also reveal 

issues that have been masked. For example, 

a facility may find that its air filtration system 

also needs an upgrade, and that work can be 

folded into the AHU optimization project.

Optimization is about running AHUs effi-

ciently, not operating outside lab limits. A 

comprehensive optimization solution will 

include system monitoring and alerts that 

warn facility managers when equipment 

performance is lagging or problems occur. 

Ultimately, it will not only save money but 

also help to prevent unanticipated equip-

ment failures that increase downtime risks.

Hands-on air handling
How air handling units can be the source of 
significant carbon and cost savings

Ian Dempster, Senior Director, Optimum Energy, CEM
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HARDEST-WORKING, 
GREATEST SAVINGS
Most labs pull 100 percent of their fresh 

air from outside the building rather than 

recirculating a portion of it as office 

buildings do. That means they can’t use 

economizers, and they need to deliver 

high air flow through lab areas to keep 

them safe. These requirements are so 

energy intensive that optimizing AHUs 

usually produces a 35 percent reduction in 

energy use, compared with a reduction of 

30 percent for optimizing the rest of the 

HVAC system.

The biggest savings come from high-use 

labs that are conditioned 24-7. If the air 

supply temperature is stuck at one set point 

regardless of occupancy and activity type, 

the lab is a good candidate for optimization. 

Fume hoods also signal opportunity. Facil-

ity managers often assume that equipment 

designed to vent noxious fumes outside 

the lab — to limit occupants’ exposure — 

requires a constant fan power and pressure. 

But fume hoods aren’t in full use most of 

the time, and they too can be optimized.

As a knock-on effect, AHU optimization 

also reduces water use. Cooling 100-per-

cent outside air to a constant temperature 

set point consumes large amounts of chiller 

energy and causes a lot of water evapora-

tion through the tower. When the set point 

dynamically adapts to provide the amount 

of cooling that is actually needed, chilled 

water usage falls substantially and evapora-

tion losses drop in tandem.

UNDER THE HOOD
A global manufacturer of optical care prod-

ucts took on AHU optimization at one of 

its European production facilities despite 

initial skepticism that there was much to 

be gained from addressing the AHUs at a 

site with an already optimized chiller plant 

and strict air temperature, humidity and 

pressure parameters. The project moved 

forward after a high-level go/no-go fea-

sibility analysis, followed by a detailed 

basis-of-design scoping study, revealed 

substantial potential savings from optimiz-

ing 35 of the facility’s 60 AHUs.

The first priority was to get all of the target 

AHUs up to modern efficiency standards 

and prep them for the air-side optimiza-

tion software. The project team needed to 

address each AHU individually. For exam-

ple, some units had broken sensors, some 

required new variable frequency drives, and 

most needed tuning to building automation 

system (BAS) sequences.

With the mechanical upgrades completed, 

the team installed an AHU-specific optimi-

zation solution and integrated it with the 

BAS. The software, which is connected to 

a cloud-based measurement and verifica-

tion platform, provides coordinated control 

of the two main factors that determine 

how much energy an AHU consumes: fan 

www.PharmaManufacturing.com
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speed and air temperature. With contin-

uous optimization of the air handlers to 

meet temperature, air flow and humidity 

requirements, the AHUs react dynamically 

as conditions change, saving energy at both 

the AHUs and the central chiller plant.

After six months of full operation, the 

project had reduced overall fan energy con-

sumption by 44 percent and exceeded the 

original savings projection by 30 percent 

overall. The site’s energy manager expected 

the savings to increase over time, and they 

have: The estimated annual savings were 

$412,000 and 3.3 million kWh; in the past 

12 months, savings were $567,000 and 4.5 

million kWh. The project is delivering over 

1.4 metric tons of CO2 reduction.

“We’ve been able to step back the speed 

of the fans, and it’s phenomenal how much 

we’ve reduced the amount of power they 

use — from 20 to 50 percent, depending on 

the unit,” the energy manager said. “We’ve 

been able to seamlessly achieve the correct 

temperatures using a lot less energy.”

He also pointed out unexpected improve-

ments in facilities and operations 

management as a result of the optimization 

SAVINGS DASHBOARD
In a single dashboard, plant operators can see energy, water and money savings, as well as AHU 
and chiller status. 
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project. Because the fans are moving less 

air than before, he believes the AHUs’ fans, 

motors and belts will last longer. And the 

software alerts managers if temperatures 

slip or if there’s an equipment failure, like a 

faulty fan.

DESIGN DECISIONS MAKE 
A DIFFERENCE
The initial design of air handling systems 

makes a real difference in long-term energy 

usage and costs. Combined or hybrid sys-

tems, such as a mix of fume hoods and 

office ventilation, may be cheaper to install 

but reduce the optimization potential. Sep-

arate systems, each focused on its own 

job, can be controlled individually and you 

can often be a lot more aggressive about 

reducing energy use with the air condi-

tioning system than with a system focused 

on safety.

Another way labs lose out on savings is by 

assuming that new equipment doesn’t need 

to be optimized. Even labs designed and 

equipped for energy efficiency benefit from 

optimizing control software. Without it, you 

can end up with efficient equipment running 

at full speed all the time — that is better 

than old equipment running at full blast, but 

not nearly as good as what the new equip-

ment is capable of with advanced controls.

AHU MODEL
The right optimization platform can provide fault detection diagnostics that give plant managers 
a visual model of AHU components, including their operational status and relationship to 
one another.

www.PharmaManufacturing.com
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CONNECTIVITY IS KEY
One final note on ensuring savings: With-

out ongoing monitoring, results will start 

to degrade after about a year or so. A two-

way data flow between a facility’s HVAC 

equipment and BAS and an optimization 

provider’s network operations center 

enables real-time monitoring, analysis, main-

tenance and fine-tuning of the HVAC system. 

It’s the only way to maintain the efficiencies 

gained through an HVAC system upgrade.

In the first year after optimization, results 

may remain constant without cloud con-

nectivity. By the second year, though, the 

equipment is beginning to age and the facil-

ities team probably has changed settings 

in the BAS, causing savings to fall off. By 

the third year without cloud connectivity, a 

site can lose as much as half of its original 

carbon and cost savings through natu-

ral system performance degradation and 

operational overrides. Without the external 

“brain” a cloud connection provides, the 

falloff can go unnoticed for quite a while, 

costing the facility thousands of dollars.

With cloud connectivity, you can maintain 

savings and equip your lab to have even 

smarter controls in the future. Machine 

learning and artificial intelligence are poised 

to enable even better control of HVAC 

systems. We’re already starting to see 

companies gain an additional five to seven 

percent efficiency improvement through 

machine learning programs added onto 

their optimization platforms, and there’s 

more innovation to come. 
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