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Pharma companies are facing increased pricing 
pressures, intensifying competition, and shrinking 
price margins for small molecules and biologics that 
have lost their exclusivity. Active pharmaceutical 
ingredients (APIs)—the therapeutic core of every 
finished drug product—account for 30 percent of 
total drug product costs for small molecules and 
up to 55 percent for biosimilars and generics.1 As a 
result, API manufacturers have a continuing need to 
improve performance while reducing costs.

Fermentation-derived2 APIs, made using microbial 
or cell-line hosts (also called expression systems), 
are a $55 billion market (Exhibit 1). Fermentation’s 
importance is growing due to the rise of biologic 
drugs made almost exclusively this way. 

The hosts are complex miniature biofactories with 
thousands of controllable parameters. Tuning these 
parameters through “strain improvement” (including 
mammalian cell-line development) has long been 
part of research-and-development efforts to 
accelerate time to market, reduce manufacturing 

costs, and carve out protection in increasingly 
crowded intellectual-property landscapes.

In a recent survey of industry professionals, 
however, we found that many companies are 
not taking full advantage of strain improvement, 
missing out on value creation as high as hundreds 
of millions of dollars for a single product. Given 
advances in technology, there has never been a 
better time to pursue this opportunity.

How technology is boosting 
the potential benefits of strain 
improvement
Strain improvement has already delivered 
tremendous value to the industry, and the future 
looks even brighter. Historically, two approaches 
have been used to improve hosts in existing 
fermentation processes: random screening of 
host mutations to identify improved mutants 
and hypothesis-driven pathway engineering 
with recombinant DNA technology (see sidebar 

1 Based on McKinsey analysis; non-API costs include formulation, sales and marketing, R&D, and general and administrative.
2“Fermentation,” as used in this article, includes both microbial fermentation and “cell culture” of mammalian cell lines.

Exhibit 1

The global market for fermentation-derived active pharmaceutical ingredients 
is estimated at approximately $55 billion. 

API value1 by segment, $ million API value1 by host,2 $ million

Antibody

Peptide

Protein

Small 
molecule

Vaccine

18,000

15,000

13,000

9,000

2,000

Mammalian

48

Bacterial

32

Fungal

20

1Based on active pharmaceutical ingredients (API) sales as a percentage of drug sales. 
2For products that use multiple hosts (eg, host A OR host B), market share is split evenly between hosts; for products that use a combination of hosts (eg, 
host A AND host B), market share is attributed to both hosts.
Source: McKinsey analysis

The global market for fermentation-derived active pharmaceutical ingredients 
is estimated at approximately $55 billion. 
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“Historical strain-improvement techniques”). 
Whereas the first approach is limited by lack of 
precision and the logic of induced genetic changes, 
the pathway engineering approach is limited by our 
finite understanding of cellular biochemistry.

However, a wave of technology developments, 
including cheap and reliable DNA sequencing, 
powerful and precise gene editing, automation  

and robotics innovation, and digital and data 
advances, is enabling entirely new approaches 
to exploring and optimizing genomes for API 
production (see sidebar “Technical innovations 
in strain improvement”). Whereas before, strain-
optimization campaigns could create only a few 
hundred strain variants at best, scientists can 
now generate and screen thousands in a single 
campaign, each with precise, systematic variations. 

Historical strain-improvement techniques

In random mutagenesis, genetic 
variation is generated by exposing the 
producing strain to ultraviolet light or 
other agents that disrupt DNA and create 
first-generation mutations. Derivative 
strains are screened for improved  
performance and, when identified, are 
subjected to the same process. The  
process is repeated over successive  
generations to drive incremental perfor-
mance improvements. 

This approach has several limitations; 
high-performing strains accumulate an 
increasing burden of negative mutations 

over successive generations, which  
ultimately attenuate gains from positive 
mutations. Because positive mutations are 
typically incremental, they are difficult to 
distinguish from statistical noise. Most  
critically, such processes (despite many 
being automated) are difficult and time- 
intensive, often taking years to produce 
statistically meaningful improvements. 

In traditional pathway engineering— 
using recombinant DNA technologies—
modifications are made to the host genome 
based on existing understandings of 
relevant pathways. This hypothesis-driven 

approach attempts to increase  
pathway throughput. For instance, 
enzymes catalyzing key conversion steps 
may be upregulated or modified for higher 
binding efficiency, or genes coding  
competing pathways may be suppressed. 
While this provides a more systematic 
approach to strain improvement, it is 
limited by scientific understanding of the 
pathway and its underlying metabolic  
drivers. “On-pathway” improvements are 
often protected by existing intellectual 
property (IP), while “off-pathway” genes 
with less understood relationships to  
pathway function are not explored at all. 

Strain improvement has already  
delivered tremendous value to the  
industry, and the future looks  
even brighter.
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Simultaneously, big data analytics and machine 
learning can be applied to the significant datasets 
created by this high-throughput approach, 
allowing an empirical search approach to augment 
hypothesis-driven modifications to the genome. 
This approach can identify entirely unintuitive 
combinations of genetic perturbations, including 

“off-pathway” edits in unexplored genomic spaces 
with no known relation to the pathway of interest.

Practically speaking, what does this mean for 
pharma companies? In effect, the ceiling for 
fermentation performance has been raised. New 
strain-improvement approaches can unlock raw 
performance improvements, in one instance 
increasing yield more in one year than traditional 
approaches had unlocked in more than a 

decade. They also allow optimization over several 
parameters at once—for example, increasing titer 
while reducing impurities. Pharma manufacturers 
can now leverage strain improvement to its  
full potential.

Leveraging the full potential of  
strain improvement
Although strain improvement can create great 
value, many companies are not taking full 
advantage. A significant barrier is the increased 
regulatory burden of postapproval changes. In our 
survey, only 13 percent of respondents described 
postapproval strain improvement as occurring 
often or sometimes, with more than 90 percent 
listing regulatory hurdles as a key reason for not 

Technical innovations in strain improvement

 — Cheap and reliable DNA sequencing: 
Historically, DNA sequencing has 
been time-intensive and expensive. 
Complete genomes can now be 
sequenced in a matter of days with 
costs as low as $1,000 for mammalian 
genomes and E. coli under $10  
per genome.

 — Powerful and precise gene-editing 
technology: Traditional recombinant 
DNA techniques often rely on 
restriction sites, virus vectors, or 
thermo-chemical methods to insert 
and modify host genomes. These 
techniques are often host-specific, 
limited, and imprecise—inserting 
sequences randomly in a host genome 
or at a limited set of sites. In contrast, 

CRISPR and similar advanced gene-
editing techniques allow modification 
of genomic DNA down to a single 
nucleotide in any host organism, 
cheaply and with high fidelity.

 — Automation and robotics innovation: 
Decades of steady advancement in 
robotics has enabled automation 
in almost every sector, creating 
scalability in areas with high 
repetition and throughput. By 
enabling automation at pace, scale, 
and precision, these advances drive 
improved accuracy and reduce 
variance while increasing throughput 
and replicability. In addition, increased 
automation enables end-to-end data 
measurement and capture, essential 

to generating the large datasets that 
underpin artificial intelligence (AI) and 
advanced analytics insights.

 — Digital innovations: Cloud computing, 
which offers extensive storage 
capacity and the ability to process 
large data volumes, coupled with 
mathematical innovations, has given 
rise to AI technology. Whereas 
previously, the management of big 
data and the application of machine 
learning would have required 
supercomputing power or advanced 
intellectual property, any start-
up, laboratory, or individual can 
now access and analyze massive 
unstructured datasets on cloud- 
based platforms.
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New strain-improvement approaches 
can unlock raw performance  
improvements, in one instance  
increasing yield more in one year  
than traditional approaches had  
unlocked in more than a decade.

doing it (Exhibit 2). Despite this, significant process 
changes requiring a Prior Approval Supplement, a 
category that includes strain improvements, are 
relatively common in fermentation-derived and 
biological drug classes (Exhibit 3).

What is a drug manufacturer to do? While 
postapproval strain improvement, particularly in 
the case of biologics, can require repeat trials 
costing tens of millions of dollars or more, the 
benefits can be even greater in many cases. Some 

Exhibit 2
Postapproval strain improvement is less common due to cost and 
regulatory barriers.

Question: Over the course of your career, how 
often have you seen strain optimization take 
place postapproval?, % of survey respondents

Question: Why would a company decide not 
to move forward with strain optimization 
postapproval?, % of survey respondents

Complexity of the molecule 
(eg, large vs small)

Not having internal
capability

Restrictive supply chain 
or partnership contracts

Often Intellectual property
reasons

Sometimes
Remaining life cycle
(eg, length of remaining 
patent exclusivity period)

Rarely Cost

Never Regulatory hurdles

7

7

37

50

27

27

30

33

57

80

93

Note: Figures may not sum to 100%, because of rounding.

Postapproval strain improvement is less common due to cost and  
regulatory barriers.
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Exhibit 3
Despite regulatory timelines, companies are still likely to engage in major 
changes, especially within approximately the �rst �ve years after launch.

Prior Approval Supplement (PAS) approvals by drug type,1,2 average number of approvals for a drug 
per year after original �ling

1Post Approval Supplements (PAS) need to be approved by the FDA for any major changes after drug launch (ie, approval of original NDA, BLA, or ANDA).
2Data on rejected applications not available from the FDA, but experts estimate majority (~80–90%) of PAS �lings are eventually approved.
3New Drug Application. 
4Biologics License Application.
5Abbreviated New Drug Application.
Source: FDA; McKinsey analysis

Fermentation-derived small molecules, years since NDA3 �ling

Average of 9 PAS 
�lings per NDA3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Biologics, years since BLA4 �ling, includes biosimilars

Average of 11 PAS 
�lings per BLA4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Fermentation-derived generic small molecules, years since ANDA5 �ling

Average of 18 PAS 
�lings per ANDA5
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Despite regulatory timelines, companies are still likely to engage in major 
changes, especially within approximately the first five years after launch.
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companies have saved hundreds of millions of 
dollars in manufacturing costs and eliminated 
the need for billion-dollar capacity expansions. 
It is clear from our research that many pharma 
players are making bold postapproval process 
improvements, while others may not be capturing 
the full return on investment of product launches. 
And new strain-improvement techniques are 
changing the calculus by delivering greater 
advancements in performance at a faster rate, 
thereby enhancing the strain-improvement 
business case for postapproval changes and 
at-risk investments during development. 

Our survey identified the most pursued goals  
of strain improvement (Exhibit 4). They fall into 
three categories:

1. Accelerate time to market.

2. Improve cost and intellectual  
property (IP) position.

3. Maximize use of fixed assets.

To maximize the value of strain improvement, our 
research identified three optimal points in the 
product life cycle:

 — During development: Early in development, 
strain improvement can accelerate and 
increase the likelihood of reaching the market. 
Survey respondents frequently cited improved 
product safety and efficacy profiles, including 
reduced immunogenicity and improved 
pharmacokinetics. As drugs advance through 

Exhibit 4

Increasing productivity is the most common aim of implementing genetic 
changes, while strengthening the protection of intellectual property is also top 
of mind.

Question: What are the typical goals of those genetic changes?, % of survey respondents

Strengthening
intellectual-property

protection

37%

Optimizing 
PK/PD1 properties

30%

Reducing 
regulatory risk

30%

Consolidating
or improving
supply chain

3%

Increasing
yield

87%

Minimizing
production cost

50%

Increasing
production speed

50%

Minimizing
impurities

47%

Reducing
immunogenicity

40%

1Pharmacokinetics and pharmacodynamics.

Increasing productivity is the most common aim of implementing genetic 
changes, while strengthening the protection of intellectual property is also top 
of mind.
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the development life cycle, strain optimization 
can increase the bottom line at launch and 
beyond by improving process productivity 
and locking in lower production costs. Early 
in development, strain improvement is 
essentially at risk since the product may never 
be approved. But once in Phase III, changes to 
the production process may require additional 
regulatory steps, weakening the business case 
for strain improvement.

 — Postlaunch: While a label expansion for new 
indications is good news for a pharma company, 
it may stress manufacturing capacity. For 
a company faced with the choice to invest 
millions or extend its contract development 
and manufacturing organization (CDMO) 
contracts, strain improvement can be a cost-
effective alternative. The potential upside of 
many fermentation processes is substantial: we 
have seen productivity improvements of more 
than 50 percent for on-market drugs. Not only 
does this development reduce the need for 
investment, but it also improves unit economics 
as fixed facility costs are spread across higher 
production volumes, lifting margins. Given  
the upside to strain improvement can be a 
product cost reduction of tens to hundreds  
of millions of dollars a year, the investment is 
often worthwhile.

This ability of strain improvement to increase 
productivity and lower costs was widely cited in 
our survey: nearly 90 percent of respondents 
pointed to increased yield, and nearly half 
cited reduced impurities, which can lower 
downstream purification costs. After launch, 
the trade-offs between process improvements 
and potential additional approvals are relatively 
manageable for small molecules, requiring 
only a demonstration of chemical equivalence. 
Biologics, however, may require more 
substantial approvals, sometimes including the 
repetition of clinical trials. 

 — As loss of exclusivity (LOE) approaches: More 
than $60 billion worth of biologics are expected 
to lose their patent protection between 2020 
and 2024. Branded biologics players can use 
strain improvement to better their cost position 
and strengthen their IP (cited by more than a 
third of survey respondents) to fend off generic 
and biosimilar competition. Companies that want 
to follow this route should begin working on 
strain improvement two to five years before LOE. 
For their part, generic and biosimilar players 
can use strain improvement to lower their 
manufacturing costs, too.

Beyond the question of when, pharma players must 
also determine how to leverage advances in strain 

As drugs advance through the  
development life cycle, strain  
optimization can increase the bottom 
line at launch and beyond by improving 
process productivity and locking in  
lower production costs.
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improvement—by developing capabilities in-house 
or tapping external partners. In contrast to earlier 
approaches, strain improvement today requires the 
integration of several capabilities to truly reach its 
potential, including high-throughput robotics and 
automation, precision DNA editing, end-to-end data 
capture and analytics, and technology transfer from 
lab to production. Increasingly, therefore, strain 
improvement may become the domain of specialists 
such as CDMOs, contract research organizations, 
and biotech platform players. 

This may necessitate a change in innovation 
models for many pharma incumbents. While 
respondents leverage external expertise for 
most strain improvements, 40 percent are still 
conducted entirely in-house (Exhibit 5). Companies 
that do not aggressively access the best 
capabilities may be left behind while others take 
full advantage of strain improvement.

Exhibit 5
In a majority of cases, strain improvements require external expertise, but 
40 percent are still conducted fully in-house.

Question: Over the course of your career, what percentage of the time have you observed the 
following approaches being used in drug development?, % of survey respondents

Expression 
system sourced 
externally with 

limited or no
modi�cations 

in-house

Expression 
system sourced 
externally with 

signi�cant 
modi�cations 

in-house

Expression 
system developed 

internally but
optimized with 
the help of an 
external entity

Expression system 
developed 

and modi�ed
 entirely internally

27% 17% 16% 41%

Note: Figures may not sum to 100%, because of rounding.

In a majority of cases, strain improvements require external expertise, but 40 
percent are still conducted fully in-house.
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