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The first sentence of Tolstoy’s opus Anna
Karenina starts by declaring that “All happy
families are alike; each unhappy family is un-
happy in its own way.” Popularized as ‘Anna
Karenina principle’, and applied in multiple
scientific and social disciplines, the concept
suggests that successful endeavors all share a
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common set of main traits, while there are
many routes to misery if there is a deficien-
cy in any of the key attributes. Paraphrasing
Tolstoy, while successful manufacturing plat-
forms are all alike (e.g. with regards to titers
and yield), every unsuccessful manufacturing
platform is deficient in its own way.

“Therapeutics developers are searching for a
viable viral vector manufacturing platform as the
industry is at the inflection point. Paraphrasing

Tolstoy, while successful manufacturing platforms
are all alike, every unsuccessful manufacturing
platform is deficient in its own way.”
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With over 1,200 clinical trials globally in
cell and gene therapy, the field is reaching
an inflection point with maturing late-stage
pipelines and upcoming wave(s) of commer-
cialization. Over two-thirds of all clinical
trials in this area are currently in Phase 2/
Phase 3 [1]. Using oft-cited numbers, FDA
predicts that by 2025, it will be approving
10-20 cell and gene therapy products per
year, with over 200 INDs filled annually [2].

As the field matures, so does the demand
for viral vector manufacturing, in particular
for lentivirus (LV) and adeno-associated vi-
rus (AAV) production, two dominant vectors
used for ex vivo and in vivo gene therapies.
While searching for a successful manufactur-
ing platform, the ultimate objective of thera-
peutics developers is to make the manufactur-
ing process commercially viable. Commercial
viability is tied to both quality of manufactur-
ing process acceptable for filing by the regu-
lators and cost of virus per patient justifiable
from business point of view as a percent of the
overall COGS. The latter aspect is closely tied
to process scalability.

When addressing the question of commer-
cial viability, therapeutics developers face a
crucial question: do you opt for adherent or
suspension based viral vector manufacturing
process? The article summarizes the pros and
cons of each approach, and concludes that
there is place for both.

The case for adherent based
platforms:

Dominant approach in the industry,
‘good enough’ to commercialize
at least some products while not
letting perfection to be the enemy of
progress

In biologics, two techniques of growing
cells in culture can be distinguished: adherent
and suspension. In adherent cell culture, cells
are grown while attached to a substrate as
monolayers. In suspension cell culture, cells
are free floating in the culture medium. Cur-
rently, adherent cells are used in the manufac-
turing of about 70% of viral vector products
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[3]. The most common mode of manufactur-
ing AAV and LVV vectors is by using adher-
ent human embryonic HEK293 cells. Typi-
cally, human embryonic HEK293 cells — or
HEK293-derived 293T cells, are transfected
with a vector construct (containing GOI) and
helper/packaging plasmids.

Traditionally used adherent culture system
units include the likes of roller bottles, flasks,
Corning’s HYPERStacks® and Thermo Fisch-
er’s Nunc™ Cell Factory™ systems. Relying on
2D adherent plasticware platforms as a start-
ing method of choice for upstream manufac-
turing, is easily understandable from art least
three angles [4]:

1. They can be readily procured off the shelf

2. They are relatively easy to cultivate at lab
scale

3. They require less expert bioengineering
know-how compared to three-dimensional
platforms

Moreover, basic adherent culture system
units require low upfront CaPex investments
and are hence practical starting points for
(early) research purposes and beyond. Heavy
CaPex investments is hardly a priority — or
an option, for, say, an academic player or a
fresh university spin-off. Considering that
much of the innovation in cell and gene
therapy comes from smaller sized biotech
companies [5], not uncommonly, cell and
gene therapy therapeutics developers inher-
it the process developed in and/or licensed
from academia.

Probably one of the most documented
examples of an adherent based process mak-
ing it to market is that of Luxturna® (voreti-
gene neparvovec), that uses AAV2 to carry a
functional copy of the RPEG5 gene into the
retinal pigment epithelial (RPE) cells. The
product was developed by Spark Therapeutics
(now part of Roche), and received an FDA
approval in Dec 2017. Luxturnas AAV up-
stream manufacturing process relies on a roll-
er bottle — basic 2-D cell culture system, us-

ing adherent HEK 293 cells process. Classic




‘scale-out’ approach applies here — the only
way to increase a manufacturing output is to
add more roller bottles — rather than increase
the volume of the vessel (‘scale-up’), which
could have been an option if this was a sus-
pension-based process. Diane Blumenthal,
at the time (2019) Spark’s Head of Technical
Operations, argued for the principle of “don’t
let perfection be the enemy of progress” [6].
What clearly made adherent platform viable
enough is a relatively low dosage required
(sub-retinal injection) and relatively low
number of target patient population.
Another well-documented example of an
adherent based process making it to market
is that of Zolgensma® (onasemnogene abep-
arvovec-xioi), AAV9-based gene therapy used
to treat spinal muscular atrophy (SMA). The
product developed by AveXis (now part of
Novartis), received an FDA approval in May
2019. Zolgensmas AAV upstream manufac-
turing process relies on an iCELLis” fixed bed
bioreactor (FBR) adherent platform. iCEL-
Lis FBR platform has been cited as the ‘most
cost-effective option’ for adherent cell culture
[7], and has been used as a commercially via-
ble solution without the need to switch to a
suspension platform. There is extensive data
available to demonstrate how one may scale
a, say, 48L Cell Factories based process to a
200L iCELLis” FBR without changing critical
quality attributes (CQAs) of the product [8].
Apart from commercial launches of Lux-
turna and Zolgensma, there is documented
evidence of some developers making an ex-
plicit decision of intending to commercialize
part of the pipeline on an adherent platform,
and part in suspension, as well as gradual tran-
sition to suspension. To note, in its SEC filing
back in 2013, Bluebird Bio, one of the gene
therapy pioneers, explicitly pointed out that
they intend to ‘continue manufacturing’ its
Lenti-D vectors (SKYSONA™ — approved by
EMA in July 2021) on an adherent platform,
while adapting its Lenti-Globin (ZYNTEG-
LO™ - conditionally approved by the Europe-
an Commission in June 2019) vectors in sus-
pension [9]. Interestingly, in its SEC filing in
2020, BMS disclosed that it would assume the
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contract manufacturing agreements for ide-cel
(ABECMA® — a CAR-T product approved by
FDA in March 2021) on an adherent plat-
form, while ‘over time’ the manufacturing will
be performed in suspension [10].

The case for suspension based
platforms:

Well-established in traditional
biologics, still in early stage of
maturity in cell and gene therapy
industry, though viewed as “must
have” for certain types of products/
indications

Adherent manufacturing mode typically
implies that to increase the manufacturing
output, one has to ‘scale out’, rather than
‘scale up’ — well established in traditional bi-
ologics and typically, though not exclusive-
ly, associated with stirred tank bioreactors
(STRs).

Frequently cited limitations of basic 2D
upstream manufacturing units include lim-
ited options for scale — which can make
manufacturing prohibitively expensive, and
batch-to-batch consistency, which may pose
regulatory challenges. Adherent based manu-
facturing process also tends to be performed
using fetal bovine serum (FBS) — that may
pose safety, consistency, and ultimately, reg-
ulatory challenges [11]. On the other hand,
switching to serum free, suspension platform
is not always a viable solution and is far from
being a failure free endeavor. While, for ex-
ample, HEK293 cells have been adapted to
grow in suspension [12], and there are alter-
native suspension-based cell lines, these are
not without their challenges — with regards
to timelines, costs, quantity and quality of
viral vector. Moreover, as ‘the product is the
process’, switching the process may mean that
the product is no longer the same, and may
require e.g. bridging/comparability studies. A
dilemma frequently facing therapeutics devel-
opers is whether the existing (adherent) pro-
cess is ‘good enough’ for commercialization
and how much they are willing or able to wait
and invest to try switching to suspension.
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Perhaps one of the best-documented cas-
es for the suspension-based process making
it to market is that of Glybera, AAV1-based
product, launched by UniQure, and wide-
ly dubbed as the ‘first gene therapy in the
Western world [13]. The drug was approved
by EMA in October 2012 to treat hereditary
lipoprotein lipase deficiency (LPLD). While
adherent HEK293 process was used for the
pre-clinical studies and the first clinical tri-
al in 2005, as higher quantity of vector was
needed, HEK293 platform was changed to
suspension based on baculovirus production
system [14]. NIH scientists first demonstrat-
ed the suitability of this method by infecting
Spodoptera frugiperda (S19) insect cells with
three different baculoviruses — used both as
a ‘helper’ virus and as the vehicle for AAV
genetic material [15]. The baculovirus based
manufacturing platform is not without its
own challenges. For example, in the case of
Glybera, while switching the platform helped
with generating higher quantities of vector,
the impurities profile was viewed as ‘unac-
ceptably high’ in the assessment report by
the EMA [16]. To note, the carryover of the
baculovirus DNA was highlighted as a ‘major
concern’, and the therapeutics developer was
requested to perform a detailed risk assess-
ment. A comparability study also had to be
conducted comparing plasmid based adher-
ent HEK293 process vs. suspension baculovi-
rus based platform [14].

The challenges associated with switching
to suspension still seemed to have paid off
in the case of Glybera — despite the volun-
tary market withdrawal of the product in
2017. Depending on the indication/dosage/
quantity of vector required, therapeutics
developers may feel obliged to opt for sus-
pension, as the only sustainable option. For
example, while assessing viral vector needs
for muscular myopathies, Salabarria ez al.
(2020), concluded that adherent platforms
are ‘simply not feasible’ for AAV manufac-
turing for scales exceeding 1-5E+10" vg, and
hence would not be suitable for late phase/
commercial applications in these indications
[17]. For these particular cases, it is suggested
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that alternative, suspension-based methods
are to be used, such as HEK293 adapted in
suspension, infection based platforms (e.g.
using baculovirus), or a stable producer cell
line, with the upstream scale to 500L and
beyond. In a similar vein, Pfizer announced
ramping up its AAV upstream manufactur-
ing to 2,000L to support its late phase AAV9
trial to treat Duchenne muscular dystrophy
— DMD [18].

While, as highlighted earlier in the article,
fixed bed bioreactors (iCELLis®) have been
assessed as the ‘most cost effective’ solution
on an adherent culture, the same study found
suspension based STR manufacturing as the
most cost-effective technology “...when a
suspension-adapted cell line was available”
[7]. The availability of a suspension-adapted
cell line, and its characteristics, is a critical
qualifier. For example, as has been argued
elsewhere [19], producer cell lines in suspen-
sion are superior to transient transfection
methods — when it comes to cost, reproduc-
ibility and scalability, though can be ‘cumber-
some’ and time-consuming to develop, with
no guarantee of success.

While there are documented examples of
successful manufacturing in suspension, in-
cluding successful adaptation to suspension
from the adherent process [19], in my profes-
sional career in the industry, I have also come
across multiple cases where a therapeutics
developer tried moving to suspension, failed
to do so, and focused the efforts on optimiz-
ing the adherent process instead. While not
uncommon, failures to move to suspension is
not something therapeutics developers readi-
ly and openly advertise.

CONCLUDING REMARKS: THERE
IS NO SILVER BULLET

It is clear that there are challenges associat-
ed with either adherent or suspension meth-
od of manufacturing. What is also evident is
that adherent mode of manufacturing can be
a viable solution in certain cases, and not in
others. At the same time, suspension-based




manufacturing, while viewed as a ‘must have’
in certain cases, might not always be the way
to go. There is no silver bullet, and the man-
ufacturing strategy has to be evaluated on a
case-to-case basis. As therapeutics developers
bring cell and gene therapies to market, they
tend to juggle among multiple and at times
conflicting dilemmas, including:

» Is the manufacturing process ‘good enough’
for commercialization in the given disease
indication?

» How much process development/
optimization is needed to make the process
commercially viable?

» What is the right tradeoff between
speed to market and time to develop a
manufacturing process?

» At what point (if at any at all) is it wise to
switch to suspension: before the market
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approval or after? (with all associated
implications - e.g. comparability/bridging
studies).

» If suspension-based process is sub-optimal,
should one opt for adherent process
instead or continue investing in developing
a suspension process?

» What type of suspension-based process
should one opt for? (e.g. HEK293 transient
transfection, co-infection, stable producer
cell line)

While juggling among these and other di-
lemmas, it is critical for therapeutics devel-
opers not to get sidetracked by a mammalian
bias — as sometimes, less is more. Depending
on the process productivity (total transducing
unit (TU) or vg/batch), one might be able to
treat more patients from, say, a 48L adherent
platform, than from a 200L suspension-based
STR.

REFERENCES
1.  ARM. 2021 Cell & Gene Therapy State 6. Blumenthal, D. Manufacturing: the next ~ 11. Murray J. A Challenging Future for Fetal
of the Industry Briefing, Jan 2021. breakthrough in gene therapy. STAT; Bovine Serum. BioProcess International;
2019. 2019.
2. EDA. Statement from FDA Commis-
sioner Scott Gottlieb, MD, and Peter 7.  Comisel R-M, Kara B, Fiesser FH, Farid 12.  Malm M, Saghaleyni R, Lundqvist M ez
Marks, MD, PhD, Director of the Cen- S. Lentiviral vector bioprocess economics al. Evolution from adherent to suspen-
ter for Biologics Evaluation and Research for cell and gene therapy commercializa- sion: systems biology of HEK293 cell
on new policies to advance development tion. Biochem. Eng. 2021; 167: 107868. line development. Sci. Rep. 2020; 10:
of safe and effective cell and gene thera- 18996.
. 8.  Biolnsights. Large-scale LVV production:
pies; 2019.
from industry-leading process develop- 13. Regalado A. The World’s Most Expensive
3. Dettit S, Glover C, Hitchcock T, Leg- ment to high quality GMP vector; 2021. Medicine Is a Bust. MIT Technology
mann R, Startt D. Upstream Manufac- N Review; 2016.
. . . — -
turing of Gene Therapy Viral Vectors. ? SEC. = Securities and Exchange Com
Cell Culture Dishs 2021. mission. Amendment No. 2 to Form 14. Kastelein JJ, Ross CJ, Hayden MR. From
S-1 Registration Statement Under The mutation identification to therapy: dis-
4. Chatel A, Drugmand ]-C. Commercial Securities Act Of 1933. Bluebird Bio, covery and origins of the first approved
Production of Gene Therapies Using Inc. 2013. gene therapy in the Western world. Hum.
Suspension or Adherent Cell Lines. Gene Ther. 2013; 24(5): 472-8.
) . . 3 - .
BioPharm International: 2020, 10. SEC — Securities and Exchange Commis
sion. Form10-Q For the quarterly period ~ 15. Nature. A helping hand for gene therapy
5. Baghirzade R. Process development: how ended June 30, 2020. Bristol-Myers production; 2018.
to win the race in cell & gene therapy. Squibb Company.
16. EMA. Assessment Report. Glybera;

Cell Gene Ther. Ins. 2020; 6(10), 1351-6.

Cell & Gene Therapy Insights - ISSN: 2059-7800

2012.

1369



http://alliancerm.org/wp-content/uploads/2021/01/SOTI-2021-pdf.pdf
http://alliancerm.org/wp-content/uploads/2021/01/SOTI-2021-pdf.pdf
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-and-peter-marks-md-phd-director-center-biologics
https://cellculturedish.com/upstream-manufacturing-gene-therapy-viral-vectors-2/
https://cellculturedish.com/upstream-manufacturing-gene-therapy-viral-vectors-2/
https://cellculturedish.com/upstream-manufacturing-gene-therapy-viral-vectors-2/
https://cellculturedish.com/upstream-manufacturing-gene-therapy-viral-vectors-2/
https://www.biopharminternational.com/view/commercial-production-of-gene-therapies-using-suspension-or-adherent-cell-lines
https://www.biopharminternational.com/view/commercial-production-of-gene-therapies-using-suspension-or-adherent-cell-lines
https://www.biopharminternational.com/view/commercial-production-of-gene-therapies-using-suspension-or-adherent-cell-lines
https://www.biopharminternational.com/view/commercial-production-of-gene-therapies-using-suspension-or-adherent-cell-lines
https://www.statnews.com/2019/12/18/manufacturing-the-next-breakthrough-in-gene-therapy/
https://www.statnews.com/2019/12/18/manufacturing-the-next-breakthrough-in-gene-therapy/
https://www.statnews.com/2019/12/18/manufacturing-the-next-breakthrough-in-gene-therapy/
https://www.insights.bio/cell-and-gene-therapy-insights/webinars/224/Large-scale-LVV-production-from-industry-leading-process-development-to-high-quality-GMP-vector
https://www.insights.bio/cell-and-gene-therapy-insights/webinars/224/Large-scale-LVV-production-from-industry-leading-process-development-to-high-quality-GMP-vector
https://www.insights.bio/cell-and-gene-therapy-insights/webinars/224/Large-scale-LVV-production-from-industry-leading-process-development-to-high-quality-GMP-vector
https://www.sec.gov/Archives/edgar/data/1293971/000119312513246004/d500108ds1a.htm
https://www.sec.gov/Archives/edgar/data/1293971/000119312513246004/d500108ds1a.htm
https://www.sec.gov/Archives/edgar/data/1293971/000119312513246004/d500108ds1a.htm
https://www.sec.gov/Archives/edgar/data/1293971/000119312513246004/d500108ds1a.htm
https://www.sec.gov/Archives/edgar/data/1293971/000119312513246004/d500108ds1a.htm
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000014272/a22abd8a-a650-4c9b-b1f2-5f5bab5fa7d8.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000014272/a22abd8a-a650-4c9b-b1f2-5f5bab5fa7d8.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000014272/a22abd8a-a650-4c9b-b1f2-5f5bab5fa7d8.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000014272/a22abd8a-a650-4c9b-b1f2-5f5bab5fa7d8.pdf
https://bioprocessintl.com/upstream-processing/biochemicals-raw-materials/challenging-future-for-fetal-bovine-serum/
https://bioprocessintl.com/upstream-processing/biochemicals-raw-materials/challenging-future-for-fetal-bovine-serum/
https://bioprocessintl.com/upstream-processing/biochemicals-raw-materials/challenging-future-for-fetal-bovine-serum/
https://www.technologyreview.com/2016/05/04/245988/the-worlds-most-expensive-medicine-is-a-bust/
https://www.technologyreview.com/2016/05/04/245988/the-worlds-most-expensive-medicine-is-a-bust/
https://www.technologyreview.com/2016/05/04/245988/the-worlds-most-expensive-medicine-is-a-bust/
https://www.nature.com/articles/d42473-018-00114-z
https://www.nature.com/articles/d42473-018-00114-z
https://www.ema.europa.eu/en/documents/assessment-report/glybera-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/glybera-epar-public-assessment-report_en.pdf

CELL & GENE THERAPY INSIGHTS

17.  Salabarria SM, Nair J, Clement N ez al. 18. Taylor N. Pfizer ramps up bioprocessing ~ 19. Bulcha JT, Wang Y, Ma H ¢z a/. Viral

Advancements in AAV-mediated Gene capacity for DMD gene therapy trial. vector platforms within the gene therapy
Therapy for Pompe Disease. /. Neuromus- BioPharma Reporter; 2019. landscape. Sig. Transduct. Target Ther.
cul. Dis. 20205 7(1): 15-31. 2021; 6: 53.

BIO

Ramin Baghirzade

Dr Ramin Baghirzade is the Global Head for Cell & Gene Therapy (C&GT) at AGC Biologics. With 15+
years of experience in life science and healthcare, Dr Baghirzade previously held roles of increasing
responsibility at Roche and Lonza in global business development, strategic marketing and market
intelligence functions. He holds a PhD Degree in Medical Sciences, as well as an MBA.

AGC Biologics provides world-class development and manufacture of mammalian and microbi-
al-based therapeutic proteins, plasmid DNA (pDNA), viral vectors and genetically engineered cells.
AGC Biologics’ global network spans three continents, with cGMP-compliant facilities in Seattle,
Washington; Boulder and Longmont, Colorado; Copenhagen, Denmark; Heidelberg, Germany; Milan,
Italy; and Chiba, Japan

, AGC Biologics

Right. On Time.

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: All named authors take responsibility for the integrity of the work as a whole, and have given their approval for this

version to be published.
Acknowledgements: None.
Disclosure and potential conflicts of interest: The author declares that they have no conflicts of interest.

Funding declaration: The author received no financial support for the research, authorship and/or publication of this article.

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Cell and Gene Therapy Insights under Creative Commons License Deed CC BY NC ND 4.0 which allows anyone
to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial use without

permission.

Attribution: Copyright © 2021 Ramin Baghirzade. Published by Cell and Gene Therapy Insights under Creative Commons License
Deed CC BY NC ND 4.0.

Article source: Invited.

Revised manuscript received: Oct 25 2021; Publication date: Nov 8 2021.

1370 DOI: 10.18609/cgti.2021.180


 https://www.biopharma-reporter.com/Article/2019/08/08/Pfizer-ramps-up-bioprocessing-capacity-for-DMD-gene-therapy-trial
 https://www.biopharma-reporter.com/Article/2019/08/08/Pfizer-ramps-up-bioprocessing-capacity-for-DMD-gene-therapy-trial
 https://www.biopharma-reporter.com/Article/2019/08/08/Pfizer-ramps-up-bioprocessing-capacity-for-DMD-gene-therapy-trial
https://www.agcbio.com

Win the Cell &
Gene Therapy Race

How you start matters. 3

The cell & gene therapy race is crowded with drug developers fighting for fundiﬂg,'
seeking ways to differentiate themselves and vying for market approval. '

To win, you need the right partner. We are the only cell & gene therapy CDMO 1o "
bring its own product to market. We offer industry-leading process development Wr—

with more than 95% of our analytics performed in-house. We accelera [OCew—— A
to GMP and run side-by-side with you every step of the way. —
w -

AGC Biologics is your partner of choice.
z ; ® " l- g
ey _'--.}:1 N Py
| b NV DN
http://www.agcbio.com~ . . A - -

. TR [ I 5 Ny

#WinTheRace


https://www.agcbio.com/

