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1.0 Introduction: The Convergence Narrative and the Operational Reality Gap

The biopharmaceutical sector is currently captivated by a compelling, yet fundamentally flawed, narrative: the
convergence of Antibody-Drug Conjugates (ADCs) and Radioligand Therapies (RLTs). The clinical promise of "Radio-
Conjugates" (ARCs) - assets combining the targeting precision of antibodies with the high-linear energy transfer (LET)
lethality of radioisotopes - has fueled aggressive M&A activity and massive capital expenditure programs.

The acquisitions of RayzeBio, Fusion Pharmaceuticals, and Mariana Oncology signal a multi-billion dollar bet on this
emerging modality. However, this investment enthusiasm is predicated on a dangerous misconception: the
assumption that ADCs and RLTs are operationally analogous.

The narrative suggests that because both modalities are "targeted therapies," they can be manufactured in "Hybrid"
facilities, or that existing high-potency ADC infrastructure can be "retrofitted" to accommodate nuclear medicine
production. This is a strategic error, born from a failure to respect the immutable physical laws governing these two
domains.

e ADCs are a challenge of Biochemistry. Their manufacturing risk profile centers on the containment of
Highly Potent Active Pharmaceutical Ingredients (HPAPIs), requiring OEB 4 or 5 controls. The solutions are
based on airflow management, isolators, and meticulous aseptic technique. The infrastructure is
sophisticated but relatively lightweight.

e RLTs are a challenge of Nuclear Physics. The risk profile is dominated by ionizing radiation, the
management of radioactive gases, and the necessity of massive shielding. The solutions rely on lead,
concrete, high-density materials, and specialized atmospheric controls.

The "Hybrid Delusion" is the belief that capital can bridge this chasm. In reality, attempting to force a nuclear
operation into a biochemical facility introduces profound structural fragility and operational inefficiency. This report
dissects the physical, human, and regulatory barriers that render the retrofit strategy not merely imprudent, but
often physically impossible.
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PART 1: The Physics of Failure

Engineering and Structural Incompatibility
2.0 The Structural Fracture Point: Mass, Density, and the Floor Loading Crisis

The most immediate, capital-intensive, and insurmountable barrier to the hybrid model lies in the structural
specifications of the building shell. The fundamental distinction between ADC containment and RLT shielding
fundamentally alters the static load profiles of the facility. While containment relies on barriers (glass, steel),
shielding relies on mass and density.

2.1 The Physics of Shielding In ADC manufacturing, containment is achieved using negative pressure isolators. A
standard 4-glove isolator weighs approximately 500-800 kg. Consequently, standard pharmaceutical cleanrooms are
designed with floor loading capacities adequate for this equipment, typically engineered to support between 340
kg/m? and 500 kg/m? (approximately 70-100 lb/ft?).

RLT manufacturing, however, necessitates the use of "Hot Cells." These are shielded containment chambers essential
for handling radioisotopes. While the industry focus is shifting to alpha-emitters like Actinium-225 (Ac-225) and
Lead-212 (Pb-212)—which themselves are easily shielded—their decay chains frequently produce daughter isotopes
(e.g., Bismuth-213, Thallium-208) that emit high-energy, penetrating gamma rays. To attenuate this radiation and
protect the operator, hot cells are constructed with solid lead walls ranging from 50mm to 100mm (2 to 4 inches)
thick.

2.2 The 18x Differential The structural divergence is quantifiable and extreme. Lead has a density of 11.34 g/cm?3,
significantly higher than steel. When this density is applied to the volume required for a production-scale hot cell,
the resulting mass is staggering.

e A modular hot cell configured with 4-inch (100mm) lead shielding - necessary for commercial-scale alpha-
emitter production - weighs approximately 26,900 kg (59,300 Ibs).

e The critical engineering failure point is the localized Area Load. A 26,900 kg hot cell typically occupies a
footprint of roughly 3 m2.

e Thisresults in a localized area load of nearly 9,000 kg/m?2.

When compared to the standard ADC cleanroom capacity of 500 kg/m?, the RLT requirement exceeds the design
specification by a factor of 18x. This is not an engineering inconvenience; it is a fundamental structural
incompatibility. Placing such a load on a standard cleanroom floor or typical slab-on-grade system risks catastrophic
structural failure.

2.3 The Retrofit Nightmare and the Upper Floor Impossibility The implication of the 18x differential is that
retrofitting an ADC suite is not a matter of modification; it is an exercise in demolition and reconstruction. To safely
install a hot cell, the existing flooring must be demolished. Specialized structural engineers must then design and
install isolated, reinforced concrete plinths capable of supporting tens of tons per square meter. This often involves
integrating the plinth directly with the building's foundation.

The situation becomes exponentially worse in multi-story facilities, common in biotech parks and large CDMO
campuses. Installing a 26,900 kg hot cell on an upper floor is virtually impossible without re-engineering the
building's entire steel skeleton. The load must be transferred down to the foundation. This requires invasive
engineering interventions:

e  Micropiling: Drilling deep into the substrate beneath the building to create new foundational support, a
massively disruptive process that requires vacating the floors below.
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e Skeletal Reinforcement: Adding significant structural steel stiffeners and new columns, reducing the usable
square footage of the facility and potentially compromising existing validated cleanroom spaces.

e Vibration Remediation: Beyond sheer weight, RLT operations rely on remote manipulators inside the hot
cells. Insufficient floor stiffness causes micro-deflections that translate into "drift" at the manipulator tips,
leading to operational errors or radioactive spills. Retrofitted floors often fail to meet these stringent
vibration criteria, requiring further mass to be added.

The cost and disruption associated with these structural modifications frequently exceed the cost of a purpose-built
greenfield facility. The "asset" of the existing ADC shell rapidly becomes a liability.

3.0 Atmospheric Conflict: The HVAC "Wicked Triangle"

If the structural loads represent the concrete barrier, the Heating, Ventilation, and Air Conditioning (HVAC)
requirements represent an invisible, yet equally insurmountable, conflict. Facility design for ADCs focuses on a single
vector: keeping the potent drug in. RLT facility design, however, is complicated by the "Wicked Triangle" of nuclear
engineering: balancing Aseptic Quality (GMP), Radiological Containment (Safety), and the management of gaseous
radioactive byproducts.

The HVAC infrastructure of an ADC plant is wholly unsuited for this challenge.

3.1 The Pressure Paradox There is a fundamental aerodynamic conflict between the requirements for sterile
manufacturing and radiation safety:

e  GMP Aseptic Requirement (Sterility): Requires Positive Pressure. To maintain sterility for injectable drugs,
the critical processing zone (ISO 5) must be kept at higher pressure relative to the surroundings. This
ensures that air flows out, preventing microbial contaminants from entering the critical zone.

o NRC Radiological Requirement (Safety): Requires Negative Pressure. To prevent the escape of radioactive
material, the hot cell and the active lab must be kept at lower pressure relative to the corridor. This ensures
that air flows in, keeping the radiation confined.

An RLT facility must nest a "negative sink" (the hot cell) inside a "positive grade" (the cleanroom). This requires
complex cascading airlocks and sophisticated HVAC systems capable of maintaining high negative pressure
differentials (often -200 Pa to -500 Pa for the hot cell) while simultaneously ensuring the high air change rates
required for the cleanroom environment. Standard ADC HVAC systems lack the control sophistication and the static
pressure capacity to manage this delicate, localized pressure vortex.

3.2 The Invisible Threat: Radon Gas and the Failure of HEPA The most critical atmospheric distinction, particularly
with the rise of alpha-emitters, is the nature of the hazard. ADC hazards are strictly particulate (powder/aerosol). RLT
hazards include radioactive noble gases.

Alpha-emitting isotopes like Pb-212 and Ac-225 are part of decay chains that produce Radon gas (e.g., Radon-220,
Radon-219). Standard ADC facilities rely entirely on High-Efficiency Particulate Air (HEPA) filters to trap potent
particles.

HEPA filters are porous to gases. They offer zero protection against the release of Radon. This singular fact renders
the entire exhaust infrastructure of an ADC facility unusable for RLT production. Releasing radioactive noble gases
directly to the environment violates regulatory mandates (e.g., NESHAP in the US).
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3.3 The Necessity of Delay Lines To manage radioactive gases, RLT ventilation requires specialized infrastructure that
does not exist in standard pharmaceutical manufacturing:

e Delay Lines (Decay Tanks): These systems are designed to physically delay the exhaust of short-lived
isotopes, allowing them to decay into solid particulates (which are then caught by secondary HEPAs) or
stable isotopes before release.

e Activated Charcoal Adsorber Beds: Used to trap certain radioactive gases (like lodine vapor) through
adsorption.

For example, Radon-220 (from the Pb-212 chain) has a half-life of approximately 56 seconds. The ventilation system
must include a delay volume—long, complex ductwork or large holding tanks—that keeps the gas inside the system
for approximately 10 minutes (10 half-lives) before it reaches the stack.

Retrofitting this infrastructure into an existing ADC facility is a near impossibility. The physical volume required for
delay lines is massive. Furthermore, the ductwork and tanks themselves become radiation sources and must be
shielded with lead or concrete. ADC facilities do not have the interstitial space or the structural support (especially in
ceilings/roofs) to accommodate this heavy, bulky infrastructure.

Moreover, the existing HVAC fans lack the static pressure capacity to push air through dense charcoal beds or long
delay loops. The retrofit requires the installation of an entirely new, independent exhaust system, often necessitating
structural reinforcement of the roof to handle dedicated, high-velocity exhaust stacks (>15 m/s) required for
atmospheric dispersion.

4.0 The Capital Expenditure lllusion: Why Retrofit Costs Exceed Greenfield Builds

The argument for retrofitting rests on the illusion of capital efficiency—the idea that leveraging an existing shell
saves money. For investors evaluating CDMO expansion strategies, it is crucial to understand that in the context of
RLTs, this efficiency is rapidly eroded by the scope of required modifications.

The "retrofit" is not an upgrade; it is a fundamental transformation of the asset's purpose. The required
interventions include:

1. Demolition and Structural Reinforcement: The cost of demolishing existing floors, micropiling, and
reinforcing the steel skeleton to accommodate the 9,000 kg/m? floor loading often approaches the cost of
pouring a new foundation.

2. Complete HVAC Replacement: The existing ductwork, air handling units, and control systems are unusable
due to the Radon gas threat and the pressure paradox. Installing new, shielded delay lines and independent
exhaust systems requires specialized nuclear engineering and massive physical intrusion into the existing
structure.

3. Operational Downtime and Risk: The extensive construction required paralyzes the existing facility. The
downtime costs and the risk of compromising validated ADC suites during the structural reinforcement of
adjacent areas further burden the project's ROI.

When these factors are rigorously modeled, the financial argument collapses. The specialized engineering, materials,
and construction required to make an ADC facility compliant for nuclear operations almost invariably results in a
higher total project cost and a longer timeline than a purpose-built greenfield facility.

The "Hybrid Delusion" leads investors down a path of escalating CAPEX and compromised operational design. A
purpose-built RLT facility, designed from the ground up to handle the weight of lead and the containment of Radon,
is the only rigorous path to a robust and compliant manufacturing asset.
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PART 2: The Human Capital & Safety Crisis

The Inelastic Supply of Expertise

The prevailing market enthusiasm for the convergence of Antibody-Drug Conjugates (ADCs) and Radioligand
Therapies (RLTs) - the creation of Antibody-Radio-Conjugates (ARCs) - is predicated on a dangerous assumption: that
the human capital required to manufacture these complex modalities is scalable, trainable, and interchangeable.

This is the fatal flaw in the "Hybrid" CDMO strategy. While capital expenditure can purchase reactors, hot cells, and
square footage, it cannot rapidly synthesize the highly specialized expertise required to manage the intersection of
nuclear physics and aseptic biology.

Our analysis reveals that the industry faces an acute, inelastic supply of specialized talent. This shortage is not
merely an HR inconvenience; it is the primary rate-limiting step for the sector and a profound operational risk. The
attempt to staff "Hybrid" facilities by cross-training generalist biologics operators or relying on standard CDOMO
personnel is leading to a degradation of safety culture, culminating in catastrophic regulatory failures.

The evidence demonstrates that "Human Capital Density" - not physical capacity - is the critical metric for
operational viability.

1.0 The "Trifecta" Talent Gap: Anatomy of the Impossible Hire

The operational crisis in the Radio-Conjugate sector is frequently mischaracterized as a general workforce shortage.
This view is dangerously reductionist. The deficit is one of a specific, hybrid competency model that is structurally
resistant to rapid scaling.

We are witnessing the consequences of a two-decade atrophy in the US educational pipeline, which now produces
fewer than ten new radiochemistry PhDs annually, despite a quintupling of demand.

The industry is aggressively pursuing what we have termed the "Trifecta Leader"—a Site Head or Lead Operator
profile that is statistically nearly impossible to recruit. The "Trifecta" requires concurrent, deep expertise across three
domains with zero historical overlap and fundamentally conflicting operational philosophies:

1. Aseptic Bioprocessing (USP/GMP): Mastery of sterile fill-finish, ISO 5 critical zones, and the handling of
fragile large-molecule biologics. The ingrained mindset is "Protect the Product."

2. Radiological Physics and NRC Compliance (10 CFR Part 35): Expertise in dosimetry, shielding physics, ALARA
(As Low As Reasonably Achievable) principles, and radioactive waste management. The ingrained mindset is
"Protect the Operator."

3. Decay-Timed Logistics: Managing a "Just-in-Time" supply chain where the product (e.g., Lu-177, half-life 6.7
days) is physically vanishing hourly, requiring management of "at-risk" releases. The ingrained mindset is
"Beat the Clock."

The scarcity metric is stark. Our market intelligence indicates that the ratio of qualified candidates for a standard
biologics manufacturing role versus a specialized radioligand manufacturing role is approximately 50:1. This scarcity
invalidates any operational model that assumes a readily available, cross-trainable talent pool.

The Cognitive Dissonance of the Hybrid Operator The fundamental conflict between these disciplines creates a
hazardous cognitive dissonance for operators. This is best illustrated by the "Pressure Cascade Paradox"—the
physical conflict between sterility and radiation safety engineering controls discussed in Part 1.
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A facility must be engineered to balance these opposing forces, nesting a negative pressure sink (the hot cell) inside
a positive pressure environment (the cleanroom). This engineering complexity transfers directly to the human
operator. An operator trained solely in traditional pharma may instinctively prioritize sterility (the positive pressure
mindset), potentially breaching containment protocols and exposing themselves to radiation. Conversely, a nuclear
technician might prioritize shielding and containment (the negative pressure mindset), inadvertently compromising
the aseptic field.

The required operator must simultaneously possess the "radiological conscience" to respect the isotope and the
"aseptic discipline" to protect the patient. Finding individuals who can toggle between these conflicting mindsets is
the essence of the talent challenge.

2.0 The Regulatory Barrier: The "Authorized User" (AU) Bottleneck

A critical constraint that paralyzes the "Hybrid" model's ability to scale rapidly is the regulatory requirement for
"Authorized User" (AU) status. This is not a job title or an internal certification; it is a federal designation mandated
by the Nuclear Regulatory Commission (NRC) under 10 CFR Part 35.

The AU is the individual legally responsible for the safe receipt, possession, use, and disposal of radioactive materials
at the facility. Without an AU, a facility cannot legally operate. The barrier to entry for this designation is prohibitive
and represents a structural, inelastic supply constraint.

The 700-Hour Mandate and the Multi-Year Lead Time To become an AU for the medical use of radioisotopes, an
individual must meet stringent requirements, including:

e Specialized Training: Completion of 700 hours of structured training and experience.

e Classroom Instruction: This includes a minimum of 80 hours of classroom and laboratory instruction in
radiation physics, protection, mathematics, radiation biology, and radiopharmaceutical chemistry.

e Board Certification: Often requires certification by recognized bodies such as the American Board of
Radiology (ABR) or the American Board of Nuclear Medicine (ABNM).

This regulatory framework creates a rigid lead time for talent development. A company pursuing the "Hybrid" model
cannot simply hire a talented biochemist or an experienced ADC operator and "train them up" in a few weeks to
manage a hot cell. The path to AU status is measured in years.

This makes the existing pool of AUs a strategic, finite resource. The retirement of the "Baby Boomer" generation of
radiochemists, trained during the height of the nuclear energy era, is exacerbating this shortage. Promises of rapid
capacity expansion are meaningless if the specialized human leadership required to legally utilize that capacity does
not exist.

3.0 Forensic Case Study: The Curium Pharma Safety Collapse (April 2025)

When companies rapidly expand and attempt to dilute specialized radiological expertise with generalist pharma
talent, the safety culture inevitably collapses. The catastrophic incident at Curium Pharma’s Noblesville, Indiana
facility in April 2025 is the definitive warning against the "Hybrid" approach and the dangers of rapid, undertrained
scaling.

The Incident and Exposure Data During routine waste handling activities involving Strontium-82 production, two
workers committed a severe breach of established protocol. A high-level liquid waste container was removed from
its shielded barrel and placed directly on the floor of the facility, outside of its protective shielding.
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The resulting radiation exposure was extreme. Dose reconstruction by the NRC revealed that one worker received a
Shallow Dose Equivalent (SDE) of 240 Rem (2.4 Sv) to the extremities. This exposure is nearly five times the federal
annual occupational limit of 50 Rem. The second worker also exceeded annual limits.

Root Cause Analysis: Cognitive Overload and Failed Controls The forensic investigation revealed a critical human
factors failure that underscores the risks of operating in this complex environment. Crucially, the workers' electronic
dosimeters did function correctly and sounded audible alarms. However, the investigation found the workers failed
to notice or react to the alarms.

The root cause was identified as cognitive overload due to the cumbersome Personal Protective Equipment (PPE),
including respirators, required for the task. The operators were so focused on the physical demands of the PPE and
the complexity of the task that the safety alarms were mentally overridden.

The Strategic Lesson The regulatory consequence was severe: the NRC launched a Special Inspection, an
enforcement action reserved for significant lapses in control, citing a clear "degradation of safety culture".

This incident provides unequivocal proof that engineering controls (shielding, alarms) are rendered useless if the
human operational layer lacks the ingrained "radiological conscience" and experience necessary to manage the
environment. A generalist CDMO attempting to manage nuclear operations by integrating them into a standard
biologics workflow will inevitably face this level of regulatory and safety breach.

4.0 The Mercenary Market and the "Human Capital Density" Metric

The "Trifecta" talent scarcity and the rigid AU bottleneck have created a hyper-competitive, mercenary
compensation environment. The war for talent is zero-sum.

Wage Inflation and Geographic Concentration We are witnessing significant wage inflation for specialized roles.
Mid-level technical staff with radiological experience can command premiums of 30-50% by moving between the
few established hubs of activity. The talent pool is geographically concentrated, principally in Indianapolis (the
"Radiopharma Belt") and specific areas of New Jersey.

With major players like Novo, Eli Lilly, BMS, and Novartis all expanding simultaneously within these same geographic
hubs, the retention risk for mid-level technical staff is acute.

The M&A Pivot: The "Acqui-hire" Imperative The M&A activity of the last 24 months signals that Big Pharma
recognizes the impossibility of building this talent base de novo. Acquisitions are increasingly structured as "acqui-
hires." Eli Lilly’s acquisition of POINT Biopharma was explicitly driven by the need to secure POINT'’s Indianapolis
manufacturing campus and, more importantly, its workforce already trained in GMP radioligand production.

Investor Takeaway: A New Diligence Metric For investors evaluating the viability of "Hybrid" strategies or pure-play
RLT investments, the due diligence process must shift focus. Traditional metrics like square footage and CapEx
deployment are secondary. The primary metric for operational robustness is now "Human Capital Density."

Diligence must focus on the organizational chart, not just the facility blueprints:
e What is the retention rate of Qualified Persons (QPs) and Authorized Users (AUs)?

e Does the site have a dedicated Radiation Safety Officer (RSO) with specific experience in the isotopes of
interest (Alpha vs. Beta emitters)?

e What is the ratio of veteran nuclear operators to newly cross-trained generalist staff?

The "Hybrid" model, by definition, dilutes this specialized Human Capital Density by attempting to force the
convergence of conflicting operational cultures. This strategy maximizes complexity and exposes the operation to
existential risks of safety failure and regulatory paralysis. The only viable path forward is the centralization of this
scarce talent pool within specialized, purpose-built RLT operations.
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PART 3: The Strategic Verdict

Regulatory Paralysis, Waste, and the Investor Playbook

The preceding sections of this analysis established the profound physical barriers (the 18x floor loading differential
and HVAC incompatibility) and the acute human capital crisis (the scarcity of the "Trifecta" Leader) that render the
"Hybrid" ADC/Radiopharma manufacturing model structurally unsound.

This final installment addresses the operational "kill switch" that paralyzes these hybrid facilities: the regulatory
deadlock of waste management. Furthermore, we deliver the strategic verdict on the current CDMO landscape,
contrasting the high-risk strategies of generalized giants with the robust approach of specialized pure-plays, and
provide a tactical playbook for investor diligence.

1.0 The "Waste" Kill Switch: The Mixed Waste Paradox

The most underestimated, yet most operationally fatal, barrier to the hybrid model is the management of waste
streams. While Antibody-Drug Conjugates (ADCs) generate cytotoxic chemical waste—a well-understood industrial
pathway—Radioligand Therapies (RLTs) generate "Mixed Waste." This designation defines material that is
simultaneously chemically hazardous and radioactive, creating a regulatory entanglement that standard
pharmaceutical infrastructure cannot resolve.

The Regulatory Collision: RCRA vs. NRC In the United States, waste management is governed by two distinct federal
frameworks that were never designed to intersect:

e Environmental Protection Agency (EPA): Regulates hazardous chemical waste under the Resource
Conservation and Recovery Act (RCRA). The standard disposal route for cytotoxic ADC waste is high-
temperature incineration, which destroys the hazardous molecule.

e Nuclear Regulatory Commission (NRC): Regulates source, byproduct, and special nuclear material under
the Atomic Energy Act (AEA).

The paradox of Mixed Waste is straightforward yet operationally devastating:

1. You cannot incinerate it because it is radioactive. The NRC restricts the release of radionuclides into the
atmosphere.

2. You cannot landfill it because it contains RCRA-listed hazardous chemicals (e.g., solvents, cytotoxic linkers).
RCRA prohibits the burial of untreated toxic materials due to groundwater leaching risks.

A hybrid facility attempting to manage both modalities becomes trapped between these conflicting mandates. The
infrastructure designed for RCRA compliance is wholly inadequate for NRC compliance, and vice-versa.

The Alpha-Emitter Incineration Ban (The WAC Wall) The industry's strategic pivot towards Alpha-emitters (such as
Actinium-225 and Lead-212) exacerbates this paralysis. While beta-emitters present challenges, the incineration of
alpha waste is highly restricted due to the unique physical properties of alpha particles.

Alpha particles are intensely cytotoxic if inhaled or ingested. Incinerating alpha-contaminated waste carries the risk
of volatilization; if the incinerator's filtration system experiences even a momentary failure, the alpha particles can
be dispersed into the atmosphere, posing a significant public health risk.

Consequently, most commercial hazardous waste incinerators have instituted stringent Waste Acceptance Criteria
(WAC) that explicitly ban alpha-emitters or set extremely low activity limits. It is common to see WAC limits set at
<100 nCi/g (nanocuries per gram) for alpha radionuclides. This effectively blocks the primary disposal route used for
standard ADC waste.
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The Decay-in-Storage (DIS) Trap: The Architectural Impossibility The inability to incinerate forces RLT facilities into a
strategy of "Decay-in-Storage" (DIS). Mixed waste must be stored on-site in shielded vaults until the radioactivity
decays to background levels. Regulatory guidance typically mandates storage for 10 half-lives. Once the material is
no longer radioactive, it "Returns to RCRA" jurisdiction and can be managed as standard chemical waste.

However, the temporal and physical demands of DIS are immense:
o Lutetium-177 (Half-life 6.7 days): Requires storage for ~67 days.
e Actinium-225 (Half-life 10 days): Requires storage for ~100 days.

This is the definitive kill switch for the "Hybrid" retrofit model. ADC facilities are designed with zero capacity for DIS.
Storing 100 days' worth of daily production waste requires massive, bunker-like vaults. The waste must be stored in
heavy lead-shielded drums ("pigs").

A hybrid facility fundamentally lacks the physical footprint for these vaults and, critically, the structural floor loading
capacity to support the concentrated weight of hundreds of lead drums. As the facility operates, the volume of
accumulating waste grows exponentially. The hybrid facility inevitably becomes paralyzed, choked by its own waste
with no regulatory-compliant pathway for disposal.

2.0 The Strategic Verdict: Specialization vs. The High-Risk Hybrid

The physical, human capital, and regulatory evidence demands a rigorous re-evaluation of the strategies deployed by
major Contract Development and Manufacturing Organizations (CDMOs). The market is diverging into two distinct
models: the high-risk, generalized hybrid and the robust, specialized pure-play.

The "Massive Hybrid" Delusion (High Risk) Giants in the CDMO sector are deploying billions in capital expenditure
to construct massive "All-in-One" facilities, explicitly marketing their ability to handle ADCs, biologics, and "Radio-
Conjugates" under one roof. This strategy is predicated on the illusion of efficiency through scale.

e  WuXi XDC: Their aggressive expansion, particularly the massive new facility in Singapore, targets the
integrated RDC/ADC market based on a "Global Dual-Sourcing" framework.

e Samsung Biologics: The development of Bio Campus Il (with Plant 5 expected operational by April 2025)
and dedicated ADC infrastructure signal a move towards complex conjugates, leveraging their massive
antibody production scale.

This "All-in-One" strategy carries the highest risk of operational failure and regulatory censure. These organizations
are attempting to force the convergence of conflicting physical principles (containment vs. shielding) and rely on
recruiting the scarce "Trifecta" talent at an unprecedented scale.

By attempting to co-locate or share infrastructure, they maximize operational complexity and expose themselves to
the paralyzing "Mixed Waste" problem. Furthermore, the risk of cross-contamination—where a trace amount of
radionuclide could contaminate a non-radioactive ADC batch—is magnified in a shared facility. Regulatory bodies
(e.g., FDA Q7A Guidance) strongly recommend dedicated production areas for such potent modalities.

Scale cannot overcome the fundamental laws of nuclear physics or the realities of regulatory deadlock. These
generalized giants risk repeating the failures seen when CDMOs struggle with complex modalities, such as the
Complete Response Letter issued for Patritumab Deruxtecan due to execution failures at Catalent. When scale is
built upon a fragile operational foundation, failure is amplified.
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The "Specialized Pure-Play" Imperative (Robust Strategy) The winning strategy belongs to the specialized, purpose-
built players. These organizations recognize that RLT manufacturing is a fundamentally different industrial process
than ADC production and have designed their infrastructure, culture, and workforce accordingly.

Nucleus RadioPharma: Represents the archetype of the purpose-built RLT CDMO. Backed by strategic
partners including AstraZeneca and GE HealthCare, Nucleus is designed from the ground up —structurally
(reinforced floors), atmospherically (delay lines), and culturally (radiological conscience)—to handle the
unique demands of radiopharma. Their philosophy of "Complete, not compete" allows them to centralize
the scarce "Trifecta" talent pool into a shared industry utility, offering specialized expertise that generalized
CDMOs cannot match.

NorthStar Medical Radioisotopes: Pioneers the "vertical integration" model. By co-locating commercial-
scale Actinium-225 production with specialized CDMO services, NorthStar eliminates the primary supply
chain risk (isotope transport) and concentrates deep nuclear expertise.

The robust strategy is to acknowledge the divergence of these modalities and invest in infrastructure that respects
the immutable constraints of nuclear medicine.

3.0 The Investor Diligence Playbook: 90-Day Action Plan

Before deploying capital into any facility claiming "Hybrid" or "Radio-Conjugate" capabilities, investors must move
beyond glossy presentations and conduct forensic operational diligence. The following "Killer Questions" are
designed to expose the structural fragility inherent in the hybrid model.

The "Killer Questions" for Operational Vetting

1.

The Mixed Waste Strategy: "Detail your compliance strategy for Mixed Waste at the intersection of RCRA
and NRC regulations. Specifically, what is your Waste Acceptance Criteria (WAC) for Alpha-emitters (Ac-
225/Pb-212), and which commercial incinerators have agreed in writing to accept this waste profile?"

o Red Flag: Vague answers about "waste brokers." Demand to see WAC agreements confirming
acceptance of >100 nCi/g alpha activity.

The Decay-in-Storage (DIS) Capacity: "Provide the engineering blueprints and structural load calculations
for your DIS vaults. How many days of storage capacity do you have for Ac-225 waste (100 days), and what
is the maximum floor loading (kg/m?) in the storage area?"

o Red Flag: Reliance on "just-in-time" waste removal or undersized storage areas that cannot handle
the weight of lead shielding.

The HVAC and Radon Mitigation: "Alpha-emitters produce radioactive noble gases (e.g., Radon-220). Show
me the schematics for your HVAC exhaust system, specifically highlighting the shielded 'Delay Lines'
designed to hold exhaust gas for approximately 10 minutes before release."

o Red Flag: Reliance solely on HEPA filters or the absence of dedicated, shielded exhaust
infrastructure.

The "Authorized User" Roster: "Provide the CVs and NRC certifications for your site leadership. How many
staff members hold active Authorized User (AU) status under 10 CFR Part 35, and what is their specific
experience with aseptic bioprocessing?"

o Red Flag: Generalist pharma leaders without specific radiological physics expertise or an
understaffed radiation safety team.
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5. The Structural Load Test: "RLT hot cells impose localized area loads of nearly 9,000 kg/m?. Provide the
structural engineering report demonstrating that your flooring exceeds this requirement, specifically
detailing the use of isolated, reinforced concrete plinths."

o Red Flag: Standard cleanroom floor specifications (500 kg/m?) or vague assurances of
reinforcement without engineering reports.

4.0 Final Conclusion: The lllusion of Efficiency

The market narrative of "convergence" between ADCs and RLTs is scientifically compelling but operationally
deceptive. The belief that these two modalities can be efficiently co-located in "Hybrid" facilities ignores the
immutable laws of physics and the rigidity of the regulatory landscape.

The forensic analysis presented in this whitepaper proves that the operational domains of ADCs and RLTs are
fundamentally incompatible:

e Physical Barriers: The 18x differential in floor loading required for RLT shielding renders ADC facilities
structurally inadequate.

e Atmospheric Conflict: The opposing requirements of aseptic positive pressure and radiological negative
pressure, along with the need for Radon Delay Lines, cannot be safely reconciled in shared HVAC systems.

e Human Capital Scarcity: The "Trifecta" leader possessing expertise in aseptic biologics, radiological physics,
and decay-timed logistics is statistically impossible to scale. Diluting this expertise risks catastrophic
incidents, as evidenced by the Curium Pharma safety collapse.

e The Waste Deadlock: The regulatory paralysis of "Mixed Waste" (RCRA vs. NRC) and the physical demands
of Decay-in-Storage paralyze facilities lacking purpose-built nuclear infrastructure.

The attempt to shoehorn a nuclear operation into a chemical/biological facility is strategic negligence. The "Hybrid"
model is an illusion of capital efficiency that will be rapidly eroded by structural failures, operational paralysis, and
the inevitable dilution of safety culture.

The Verdict is Unequivocal: Specialization is not merely a competitive advantage; it is the only viable path to
survival. The future of the radioconjugate sector belongs to specialized, purpose-built infrastructure.
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LET'S CONNECT

ProGen Search partners with leading Radiopharmaceutical innovators to secure the leadership
talent they need to scale.

If you're navigating growth, facing talent challenges, or planning your leadership roadmap in the
Radiopharmaceutical space, we would welcome the opportunity to connect and share insights.

Need to Hire Candidates?
Want to Discuss Hiring Plans?
Or just have questions to discuss?

Click here to book in a call today.
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Byron Fitzgerald

Founder, ProGen Search

www.progensearch.com
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