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Introduction

With the availability of autologous cell and gene therapies 
(CGTs) projected to explode over the next decade, much has 
been written about the challenges these new treatments 
will present to authorization holders. 

Less ink, and perhaps time, has been devoted to determining 
what will be required to ramp up the manufacturing and 
quality assurance (QA) processes needed to provide these 
therapies on a commercial scale. The process is radically 
different from the typical, recipe-driven, high-volume batch 
production process used for most small molecules and 
necessarily relies on multiple external vendors/partners such 
as supply-chain organizers, cryopreservation and logistics 
providers and contract manufacturing organizations (CMOs). 
Thus, as soon as commercialization seems likely for a CGT, 
sponsors must make some critical decisions about how  
they will proceed. 

Here we give an overview of what biopharmaceutical 
companies entering this space will need to consider and 
offer a blueprint to guide their decision-making process. 
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A Departure From Decades of Industrial Practices

In the mid-1960s, when Peter Drucker was asked to evaluate Pfizer’s structure, he declared 
that the company was in the business of selling knowledge; its manufacturing was “incidental.” 
From that point on, the industry began to see itself in the drug discovery business.1

That “incidental” aspect of the business has operated efficiently for decades, producing high-volume 
batches of products using precise recipes and standard operating procedures that conform to good 
manufacturing practices (GMPs). Yet, very little of what the industry has invested in equipment and 
processes is transferrable to the world of CGTs where individual batches are produced that use 
patients’ own cells to create the active pharmaceutical ingredient (API) (see Figure 1).

In this new paradigm, the biopharmaceutical industry cannot deliver the entire CGT manufacturing 
value chain on its own. While on the surface this seems to fit nicely with the concept of manufacturing 
as “incidental” because certain aspects are outsourced, that is the entirely wrong viewpoint. 
Manufacturing in this new context is an intricate, complex and time-sensitive process and 
involves a whole new set of risk factors.2 Accordingly, we must embrace a new construct with 
CGTs: process is the product.
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Figure 1. The CGT Treatment/Production Pathway 

3

1 2Eligibility
determination

Patient prescription



Production Involves a Wide Network

The complete treatment-production paradigm involves a variety of vendors/partners who are 
needed to extract the patient’s cells, ship them to a gene modification facility, manufacture  
the drug substance and ship the modified genes to the healthcare professional, who then 
administers them to the patient. 

Specifically, the process relies on: 

• Specialized supply-chain orchestrators who are tasked with maintaining the chain of  
custody (CoC) and chain of identity (CoI) as components of the therapy move through  
the treatment-production process 

•  Sites and clinics that coordinate the apheresis and infusion procedures with patients  
and require new scheduling software that is integrated with manufacturing capabilities 

•  Cryopreservation and logistics providers that ship patient material to and from the  
multiple, international manufacturing sites

•  Vector manufacturers that must have product readily available and adapt to rapid  
increases in market demand 

•  Contract manufacturers (when used) who must establish clearly defined processes  
across clients, sites and modalities (in-house, outsourced or hybrid)

Thus, commercial readiness in CGT manufacturing clearly extends outside of the factory walls.  
Sponsors must establish a wide network of trusted, third-party providers. 

Over the past four years, the industry has made great strides in advancing the capabilities of the 
“external” portions of this value chain3 and there are clear winners in these spaces. Most notably, 
orchestrator technology companies have developed more mature offerings to include products 
and services that are either fully customized, modularized or hybrids. They all boast strong CoC 
and CoI functionality at their core. Meanwhile, cryopreservation and/or logistics providers have 
optimized their offerings to support CGT manufacturers with consistent shipping timelines and 
sophisticated monitoring controls. And, innovative vector manufacturers have increased their 
supply drastically while reducing the costs for raw material that was previously quite rare.
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Thus, commercial readiness in CGT manufacturing clearly 
extends outside of the factor walls. Sponsors must establish 
a wide network of trusted, third-party advisors.



A Look Inward

Given these advances, the most significant challenges that remain are those within 
biopharmaceutical companies’ direct control: defining and implementing a scalable 
manufacturing strategy from a choice of three major modalities:

1 Building an in-house capability.

This entails investing in new or modified manufacturing sites that focus on cell factories 
via clean rooms or specialized assembly spaces. Typically, companies only build these 
once they have made significant strategic investments in developing CGT assets.

Outsourcing to a contract (development) manufacturing organization. 

In this scenario, a CMO or a contract development manufacturing organization 
(CDMO) manufactures the drug product, often leveraging the CMO’s proprietary 
instrumentation platform.

Adopting a hybrid approach.

A company may elect to use both in-house and outsourcing capabilities to meet 
market demand and/or to mitigate logistics issues and risks (e.g., tight time frames 
and customs requirements).

The overall challenge of scaling QA and QC to match 
manufacturing capacity is critical as these functions are 
the only part of the value chain that biopharmaceutical 
companies will always own and be liable for if regulators 
raise issues with CGT products. 
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Choosing a Manufacturing Strategy

Sponsors of autologous CGT products must assess the advantages and disadvantages of 
potential manufacturing strategies based on a set of strategic considerations:

Technical 
Manufacturing 
Requirements

Manufacturing 
Capacity 
Management

Global/Regional 
Logistics 
Management

Quality  
Assurance 
Procedures

Manufacturing  
Data and  
Quality Control

• Customization  
of manufacturing 
capability

• Factory design

• Ability to scale to 
meet demand

• Overflow capacity

• Customs checks

• Cryopreservation 
requirements

• CoC and CoI

• Efficient use of  
QA resources

• Use of technology 
to support batch 
review and release

• Process 
improvement data

• Quality trend 
analysis

Note that as of this writing, no one has arrived at a definitive manufacturing strategy, and those 
that have tried have come to very different hypotheses as to the best way forward. Because 
of where we are in the innovation cycle in this space, we have yet to see a set of clear, winning 
practices that can be applied universally to every sponsor type and situation. However, we 
have made several observations from working with CGT clients across different functional 
contexts within Syneos Health®. Table 1 on the next page outlines the critical set of strategic 
considerations and offers our assessment of the pros and cons of each approach. To be most 
useful, we have indicated the relative weight each approach should be given in the decision 
process, with one asterisk “*” meaning the lowest weight and three asterisks “***” meaning the 
greatest weight. 
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Strategic 
Considerations

Building In-House 
Manufacturing

Buying CDMO/CMO 
Capability

Hybrid  
Approach

Relative weight each approach should be given in the decision process  
( “***”  =  greatest weight, “*” = lowest weight)

Technical 
Manufacturing 
Requirements

*** ** ***
Starting from a premise that 
the manufacturing facility 
will be in-house potentially 
provides additional flexibility 
in choosing the right  factory 
design, equipment and 
instrumentation platform  
in ways that a CMO-only  
model cannot 

The drawback is the upfront 
investments required in the 
process definition, equipment 
and instrumentation

CDMOs/CMOs vary widely  
in their willingness (and 
maturity level) to customize 
their manufacturing platforms to 
their clients’ specific needs, and 
vendor management/contracting 
activities are required to update 
the scope of work

However, relatively low upfront 
investment is required and the 
experience of setting up initial 
small scale factories is shared

A hybrid approach is only 
optimal once processes 
are set and suitable scale 
is required (usually during 
commercial stages)

Manufacturing 
Capacity 
Management

* ***
Because in-house 
manufacturing requires 
significant upfront investment 
and the hiring of specialized 
employees (manufacturing, 
automation techs, clean 
room operators, etc.), there is 
much less flexibility to reduce 
headcount during peak demand

Overflow management and production capacity is one of the 
best reasons for outsourced/hybrid models in this space as 
these specialized CMOs usually have  multiple clients who can 
absorb additional capacity as required

Global/Regional 
Logistics 
Management

* ** ***
With the challenges associated 
with getting CGT treatments 
across customs in highly 
controlled micro-environments 
(i.e., monitored ice-boxes), any 
potential delay or complication 
associated with trans-Atlantic 
travel is highly undesirable

The preferred solution is to 
have regional manufacturing 
sites, which for in-house 
solutions requires even  
more investment

Most established CMOs have 
multiple sites already, with a 
presence in the U.S. and EU at  
a minimum

This helps manage the  
logistic challenge and keeps 
issues regionalized

A hybrid approach may work 
well to establish sites that are 
closer to the patients’ origin

Table 1: Weighted Considerations in Selecting a Manufacturing Strategy
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Strategic 
Considerations

Building In-House 
Manufacturing

Buying CDMO/CMO 
Capability

Hybrid  
Approach

Relative weight each approach should be given in the decision process  
( “***”  =  greatest weight, “*” = lowest weight)

Quality 
Assurance 
Process

*** * *
One of the major benefits 
of internal manufacturing is 
the ability to directly access 
the batch record data in real 
time, which enables electronic 
batch records and release-by-
exception review models

Additional investment into 
data integrator technology will 
be required to enable these 
automated models, but they 
are well worth it in the long run 
when scalability of QA and QC 
activity becomes paramount

This is one of the biggest (if 
not the biggest) drawbacks of 
working with CMOs/CDMOs 
who are still typically  
delivering batch record  
data in hand-written,  
paper-based forms

Additionally, even if the  
CMO/CDMO is willing to 
provide digital access to batch 
data, this requires alignment  
of IT solution to the  
CMO/CDMO’s preferred  
vendor or internal solution

The hybrid strategy does 
not fundamentally improve 
Sponsors’ data strategy  
from the CDMO/CMO only 
strategy and in fact may  
create additional complexity 
from a QA perspective to 
manage different batch 
records across modalities

Manufacturing 
Data and  
Quality Control

*** * **
Similar to the QA data 
management issue, having 
direct control of the source 
data and the technology 
vendors that can be employed 
to deliver ongoing monitoring 
and analysis of key performance 
metrics is much easier with  
in-house sites

Similarly to the QA data flow, 
access to the CMO/CDMOs 
batch trend data will require 
negotiations as part of the 
master services agreement, 
and any changes/options 
for additional analysis often 
require amendments to the 
SOWs in question

Hybrid approaches are slightly 
better than CMO/CDMO  
only approaches here due to 
the likelihood that pharma 
companies’ trending data 
requirements are likely more 
established via the existing 
in-house capabilities

Table 1: Weighted Considerations in Selecting a Manufacturing Strategy (continued)

While sponsors will all have unique guiding principles and priorities to bring to the decision 
process, it is recommended that they place significant importance on how well the 
manufacturing strategy enables concurrent scaling of their QA procedures through use of 
technology and automation.

This is the case for three main reasons:

• The QA/product release portion of the value chain is the only part of the process that 
biopharmaceutical companies will always own (as even the manufacturing component may 
be outsourced to CMOs/CDMOs)

• Qualified QA talent is highly sought after and also somewhat rare in the CGT space. This 
constraint prohibits companies from relying on a manual review for each patient batch

• The scalability and speed of manufacturing is 100 percent dependent on the equal scale  
and speed of product release
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Setting Up a Complementary QA Process

The first step in designing a QA process that will support the chosen manufacturing strategy is to answer a 
number of questions, starting with: What is the ideal QA process and output? In other words, what does “good” 
look like in QA and what are the best practices for achieving it?

Fundamentally, all aspects of a good QA process require the ability for skilled QA resources to have access to the 
most important data related to the manufacturing process at the right time in order to take appropriate actions.

To support this requirement, it is recommended to acquire or develop the following technology-enabled  
QA capabilities: 

Automated Systems for 
Disposition Compilation
A tool that automatically 
compiles the full disposition 
record (including batch 
record), overcoming the 
challenges of paper-based 
processes for complex CGT 
manufacturing.

Deviation Management
A system that communicates 
deviations in real-time and 
facilitates multi-stakeholder 
resolution and tracking.

Monitoring and Analysis of 
Critical Quality Attributes
Use of data analytics to 
monitor and develop 
actionable insights from 
the manufacturing process 
across batches and sites.

Review-by-Exception
Software is available that 
can scan batch records, 
approving those that fall 
within designated parameters 
and flagging those with 
anomalies for human review 
and investigation. Minimizing 
lead-time and enabling QA 
specialists to focus on higher 
priority tasks.

To deliver these QA capabilities, particularly in the complex and data intensive area of CGT manufacturing, 
it is critical that the data from the manufacturing process is available in real time though a configured 
manufacturing execution system (MES), including an electronic batch record functionality.
 
Currently, technology vendors in the area offer the described capabilities to varying degrees. Crucially 
depending on the manufacturing strategy selected, different permutations to deliver these capabilities are 
more advantageous, with some vendors providing combined QA technology functionality and MES systems 
and others specializing in specific functionalities.

Automated tools may be essential to allowing QA capabilities to be 
commensurate with the scale of the chosen manufacturing strategy. 

Standards to consider for a robust QA process: 

•   Efficient use of highly skilled QA resources 
(including qualified persons (QPs) in EU)

•    Centralization of QA processes across multiple 
manufacturing sites for comparative oversight

•   Early involvement in priority deviation resolution 
and corrective and preventive actions (CAPAs)

•   Rapid access and review  
of batch-release documents

•   Ability to quickly develop confidence in  
the process and quality systems in place  
(particularly when setting up a new 
manufacturing process/site)
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Immediately Actionable Next Steps

For CGT sponsors who would like to move beyond the hypothetical and maximize their 
organization’s investments in devising a manufacturing and QA strategy that is forward-looking 
and scalable, a four-stage approach is recommended. This methodology has helped many 
teams streamline and clarify their manufacturing, QA and technology investments to prepare 
for the coming years.

1
GUIDING  

PRINCIPLES

Establish the guiding principles

Start by considering the following:
• What are the key objectives that the 

manufacturing/QA strategy must 
achieve at this stage (i.e., supporting 
upcoming early stage trials vs. 
supporting commercialization)?

• What are key issues associated with 
the current strategy/plans?

• What are the must-haves for the  
future-state solution?

•  What resources are available today  
vs. in the future state?

•  What budgetary constraints will affect  
your decision-making process?

2
BUSINESS 

REQUIREMENTS 
GATHERING AND 

RESEARCH

Gather the business requirements 

Build a clear picture of the requirements that the manufacturing capabilities 
will need to fulfill and conduct research into available options:
• Has the (new) manufacturing and  

QA process been established?
•  What assumptions are in place 

regarding the execution of this process?
•  What technology capabilities will 

support the new process? 

• What options (i.e., vendors and  
tech platforms) can support the  
new process?

•  What are the best viable options to 
deliver the requirements? At what 
cost? And what time frame?

3
BUSINESS CASE 
DEVELOPMENT

Develop the business case 

Build an internal business case for senior leadership buy-in, investment 
and commitment: 
• For each viable option, map out the likely cost vs. benefit (i.e., return on 

investment) scenarios in order to recommend the best path forward

4
IMPLEMENTATION 

PLANNING

Plan the implementation 

Assuming senior-level approval has occurred between steps 3 and 4, we 
are now ready to begin implementation of new solutions. The critical 
components here are typical to any transformational program:
• Clearly defined scope 
• Strong executive sponsorship/

leadership
• Strong project management and 

execution

• Knowledgeable subject matter experts
• Effective change management 

throughout the program
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The success of these programs is highly dependent on each of these components. If you are in 
the midst of evaluating ways to optimize your organization’s manufacturing and QA strategies, 
an experienced and knowledgeable partner in this space can be the difference between success 
and failure.

From our experience and interactions with sponsors, as well as, vendors across the CGT 
landscape, Syneos Health is in a unique position to develop the best strategy and approach  
to set up your future-state QA process to support selection and implementation of your CGT 
manufacturing strategy.

Conclusion

Given the pipeline for autologous CGT therapies, the 
next few years represent a critical period for many 
sponsors who must scale up their manufacturing 
capabilities and establish a corresponding QA process. 
The industry’s decades-old manufacturing mode must 
be re-examined based on a company’s customization 
capabilities, factory design, overflow capacity and 
global logistical requirements. And, the QA process—
the only component of the production value chain that 
will always be the responsibility of the authorization 
holder—must be re-engineered accordingly. One 
modification that will be important in accommodating 
demand will be to move to a review-by-exception model.
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