Cell and Gene Therapy (CGT) Tech Transfer Failure Modes and Effects
Analysis (FMEA) Report

1. Executive Summary & Strategic FMEA Scope

In the current biopharmaceutical landscape, technology transfer represents the high-stakes
bridge between clinical proof-of-concept and commercial viability. For Cell and Gene Therapy
(CGT), this transition is a perilous shift from the art of an academic or R&D bench to the
rigorous, fully characterized manufacturing process of a Good Manufacturing Practice (GMP)
facility. FMEA is a mandatory strategic tool for de-risking this transition, providing CMC teams
and investors a framework to identify failure points before they manifest in a 6 to 7 figure clinical
batch failure.The operational boundaries of CGT present unique challenges compared to
traditional monoclonal antibody (mAb) workflows. While mAb production is 90% platformized,
CGT currently lacks such standardization; innovators essentially start from ground zero with
each new process, creating a massive surface area for failure [CEO]. Furthermore, the scarcity
of starting material creates an absolute mandate for success. In autologous therapies, the
one-off nature of patient samples means a failed run is not merely a financial loss but a potential
cause of patient mortality [CEO]. While allogeneic models move the risk toward larger scale
and higher manufacturing costs, they offer slightly more leeway by utilizing healthy donor
samples rather than the critically scarce materials found in autologous workflows [CEQ]. This
report utilizes a structured FMEA framework to transition these operations from reactive voodoo
reasoning to proactive, data-driven control [CMC Consultant].

2. The CGT Tech Transfer FMEA Matrix

Failure Mode Root Cause Potential Effects Consequence
a) Subjective  Use of vague terms ~ Metabolic drift; Undocumented variations
SOP like "Gently Swirl";  cells growing too  change the environment,
Descriptors failure of text to fast or dying off and cells are "products of
convey mechanical  before harvest; their environment" [CMC
torque and pipette unknown cellular ~ Consultant].
depth. behavior [CMC

Consultant].




b) GMP Compliance Lactate spikes; Without metadata to capture
Cleanroom protocols causing intracellular stress; these drifts, teams often
Time Lags "30-minute bench to  metabolic outcome resort to non-scientific
2-hour GMP" changes that voodoo reasoning for
transitions [CMC remain undetected  failures [CMC Consultant].
Consultant]. until the end of the
run [CMC
Consultant].
¢) Bioreactor  Scaling from 2D Poor oxygen Failure to use scale-down

Geometry (G-Rex) to 3D transfer; altered models (e.g., Ambr 250)
Misalignment reactors without glycosylation; leads to unpredictable
applying engineering inability to mimic  behavior at the S00L+ scale
principles or GMP conditions in  [BD @ CDMO].
dimensionless scale-down models
numbers. [BD @ CDMO].
d) Pumping High-frequency Irreversible protein  Shear stress impacts CQAs
and Slurry pumps used on cell ~ precipitation,; but is often only detected
Shear Stress  slurries during product post-harvest during final
scale-up. degradation; analytical testing.
reduced viable cell
concentration

(VCC).




e) Aseptic Open manual liquid  Contamination sterility failures often aren't

Manual handling; reliance on (sterility failure); caught until release testing
Manipulation tribal knowledge in  total batch loss; [CEO].
pipetting technique.  patient mortality
risk [CEO].

3. Runway and Clinical Effects Analysis (The Cost of Failure)

Technical failures in CGT tech transfer are the primary drivers of capital erosion. The Series A
Milestone Trap occurs when investor pressure forces speed-over-control, leading teams to
short-circuit the documentation and quality process [CEOQ].

Quantifying the Troubleshooting Tax

When procedural ambiguities arise, the result is an immediate 20-to-40 hour labor loss
associated with resolving protocols documented on paper towels handed over by PhD-level
R&D scientists to operators with Associate’s degrees who lack the expertise to solve problems
on the fly BD @ CDMO / [CEOQ]. This burden is exacerbated by the need for persons-in-plant
(PiP) travel to distant CDMOs to provide the tribal knowledge missing from the written SOPs.

Capital Erosion Analysis

The financial disparity between proactive de-risking and reactive troubleshooting is catastrophic:
e Engineering Runs: Costing $100k—$ 180k (and up to $1M for complex processes),
these are essential sandboxes for vetting documentation, training personnel, and
ensuring the Master batch record translates into a facility-specific Executable record

[CEQ], [CDMO Site Head].

e GMP Failure: A failed GMP clinical batch costs between $500k and $1M+. Skipping the
"middle ground" of engineering runs to save cost almost always increases the
exponential chance of failure, leading to months of delays and potential company
collapse [CEQ].



4. Recommended CAPAs & De-Risking via Integrated Digital Infrastructure

To ensure scalability, biotechs must shift toward a digital-first CMC strategy that institutionalizes
process knowledge.

Proactive Process Control and "Review by Exception"

CMC teams must utilize scale-down models (Ambr 250, G-Rex, Vertical Wheel) and Quality by
Design (QbD) to define Critical Process Parameters (CPPs) early [BD @ CDMO]. Integrating
digital systems allows for Review by Exception, moving product disposition from a 60-day
paper-based ordeal to a 48-hour or even 20-minute real-time release by only flagging deviations
[CEOQ].

The "Dashcam for the Scientist" (Video-SOPs)

Al-driven, video-embedded SOPs capture up to 55% more unwritten tribal knowledge than
paper-on-glass systems (see case study). Video conveys the art of the process such as
mechanical torque and pipette depth during cell resuspension that text cannot [QMS Software
Expert & CMC Consultant]. This dramatically reduces the training burden and the "curse of
knowledge" that causes tech transfer friction [CEQ].

Integration Architecture and the 9-Month Validation Shortcut

Innovators can leverage APIs (like Method Made) to inject structured SOP data directly into
validated wrappers such as MasterControl or Dot Compliance. This strategy allows biotechs to
use their already-validated QMS/LMS platforms to entirely skip the grueling 9-month GMP
software validation process required for new standalone manufacturing systems [QMS Software
Expert & CMC Consultant].

Regulatory & Compliance Footer

Under 21 CFR Part 211, manual aseptic manipulations in CGT require a second-person scribe
in the cleanroom to document actions as they occur [CDMO Site Head]. While digital tools and
video-SOPs significantly streamline the scribe’s workflow and ensure document-as-you-go
compliance, they do not yet replace the legal mandate for two-person verification in manual
aseptic environments.

Final Synthesis

Technical rigor and digital integration are the only sustainable paths to CGT commercialization.
By shifting from subjective reasoning to structured digital data and robust engineering runs,
CMC teams can ensure that the one-off patient sample is never wasted and that life-saving
therapies reach the clinic on schedule.


https://www.methodmade.ca/detail-capture
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