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Executive Summary
The cost of late resolution is not confined to the technical fix. It includes everything built around 
the assumption that the problem did not exist. An impurity outside specification, a process that fails 
to scale, a yield decline, or variability discovered in validation may begin as a technical issue with a 
technical owner. Its largest consequences arise after capital, timelines, partnerships, and 
expectations have accumulated around the unresolved uncertainty.

A manufacturing issue found early is usually manageable — there is time to investigate, generate 
data, weigh alternatives, and adapt before major commitments are in place. The same issue found 
later can become an enterprise event. By the time a program approaches Phase 2, financing 
strategies, clinical plans, commercial forecasts, partnership discussions, and investor expectations 
have often already been built around it. The uncertainty no longer exists in isolation; it exists inside 
a network of organizational commitments.

This is the premise of the Cost of Late Resolution™ framework: enterprise impact is shaped less by 
the technical difficulty of a manufacturing issue than by how much exposure has accumulated 
around it by the time it is resolved. A polymorphic transition, an impurity-control challenge, a yield 
limitation, or a scale-dependent process behavior can be technically identical whether discovered 
early or late. What changes is the environment surrounding it. As development advances, 
Enterprise Exposure can grow faster than Demonstrated Readiness, and the gap between what has 
been established and what is merely assumed can widen quietly for years before it becomes visible. 
Manufacturing understanding is one component of readiness; it is not the full formal axis.

When the uncertainty becomes visible, runway compresses, financing becomes harder, 
partnerships stall or restructure, commercial plans require revision, and management attention 
shifts from value creation to damage control. By then, the enterprise consequence is no longer 
contained by the manufacturing work required to resolve it.

The central argument is straightforward:

Manufacturing fragility becomes enterprise risk when 
Enterprise Exposure grows faster than Demonstrated 
Readiness.

Organizations rarely suffer because uncertainty exists; they suffer because strategic, financial, and 
operational commitments were built around assumptions that later proved incomplete. The earlier 
critical uncertainty is resolved, the more options remain. The longer it persists, the more expensive 
resolution becomes.
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Introduction
The Phase 2 Manufacturing Wall™, introduced in Paper #1, describes a recurring pattern in drug 
development: manufacturing systems appear capable of supporting progress long before they are 
understood well enough to support scale, reproducibility, regulatory expectations, or 
commercialization. Early success builds confidence, milestones are achieved, and development 
advances, while important manufacturing uncertainties remain unresolved beneath the surface. 
The Wall is the point at which the gap between perceived and actual readiness becomes impossible 
to ignore.1

Paper #1 explained how that gap forms. This paper examines what it costs. Reaching the Wall is 
usually read through a technical lens — a process that will not scale, a validation campaign that 
reveals variability, a yield limitation — and handed to manufacturing for a manufacturing fix. That 
reading captures only part of the impact. By the time the uncertainty is visible, the enterprise has 
already built capital, timelines, partnerships, and commercial forecasts around an assumption of 
readiness it never established — and it is the cost of that accumulated exposure, not the technical 
fix, that the Cost of Late Resolution™ framework sets out to explain.

The sections that follow trace how manufacturing fragility converts into enterprise risk: the 
mechanisms that carry it across the organization, the financial models that fail to price it, the 
historical cases that illustrate it, and the readiness posture that prevents it.

The framework is intended to apply across modalities, but it does not assume that the mechanisms 
behave identically. Their speed, magnitude, and interaction can vary with product and process 
complexity, dose and demand, analytical burden, supply-network dependence, and how reversible 
manufacturing decisions remain.

1. Manufacturing Costs Are Rarely Manufacturing Costs
The largest costs of a manufacturing problem land outside manufacturing—dispersed across 
functions no single owner sees and underestimated because no one holds the sum.

A manufacturing problem is almost always classified as an operational event: a yield miss, a critical 
impurity at scale, a transfer that uncovers unexpected variability, a validation campaign that 
exposes a process limitation. It is assigned to technical operations, quality, or regulatory, on the 
reasonable-sounding assumption that a problem originating in manufacturing has consequences 
that stay in manufacturing.

In practice, the direct cost — additional characterization, repeated campaigns, external support — 
is the part that is easy to estimate and easy to budget. It is also, by the time a program approaches 
Phase 2, usually the smaller part. The larger consequences appear elsewhere: a delayed campaign 
moves a clinical timeline, a regulatory slip postpones a milestone payment, a process limitation 
constrains commercial planning, an unexpected setback shifts investor confidence. By the time the 
full impact is visible, most of it no longer resides in manufacturing at all.
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This is why no single function owns the total cost. Manufacturing sees the technical issue, finance 
sees the capital implication, business development sees the partnership consequence, clinical sees 
the timeline effect — and only executive leadership experiences the sum. Each function, viewing its 
own fragment, finds the problem manageable; the enterprise impact becomes visible only when the 
fragments are aggregated, which often happens too late to aggregate cheaply. This is the cost-side 
echo of the Fragmented Interpretation described in Paper #1: there, organizations read the same 
operational signal through different lenses; here, they absorb the same cost through different 
ledgers, and the whole is systematically underestimated because no one holds it.

Figure 1. Cost of Late Resolution™. Conceptual illustration.

The Cost of Late Resolution™
The conventional view treats cost as proportional to technical difficulty — harder problems, larger 
costs. That view is not wrong so much as incomplete, and its incompleteness is exactly what it 
cannot explain: why two organizations can encounter a nearly identical technical issue and 
experience entirely different outcomes. One adjusts plans, reallocates resources, and resolves the 
issue while alternatives are still open; the consequence stays operational. The other discovers the 
same issue after financing plans, partnership discussions, timelines, and forecasts have already 
been built on the assumption it did not exist; the technical solution is identical, but the enterprise 
consequence is not.

The difference is not the problem. It is the amount of organizational commitment that accumulated 
before the problem was understood. This is the central claim of the Cost of Late Resolution™ 
framework: enterprise impact is shaped less by the manufacturing issue itself than by how much 
exposure has formed around it by the time it is resolved. The two interact rather than add — a 
stable technical uncertainty becomes more consequential as the enterprise built on it grows.
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What makes this more than a restatement is that the underlying issue typically changes very little 
over time. A yield limitation found in Phase 2 may be the same one that existed in Phase 1; an 
impurity challenge surfaced in validation may have originated years earlier; a scale-dependent 
characteristic usually exists long before scale exposes it. The issue holds roughly constant. The 
environment around it does not. Each financing round, each signed agreement, each completed 
transfer, each commercial assumption embedded in a forecast adds exposure, so the organization is 
not merely carrying manufacturing uncertainty forward, it is accumulating organizational 
dependency around it. The longer that runs, the more the eventual resolution must absorb. The 
issue creates the risk. Timing determines the cost.

The Debt Analogy
The dynamic resembles financial debt. The manufacturing issue is the principal; the accumulating 
enterprise exposure is interest. The principal may grow somewhat as constraints harden — a filed 
process and an installed line can make the same fix harder to execute late than early — but it grows 
slowly next to the interest, which compounds for as long as the obligation is carried until the 
accumulated interest exceeds the principal itself.

What makes the cost so easy to miss is that the assumptions behind it stay invisible precisely 
because they are never challenged. The system performs adequately, development continues, the 
assumptions look correct. When the uncertainty finally surfaces, it reveals not only a technical gap 
but the larger fact that the enterprise had already scaled around it. The organization does not pay 
for the issue. It pays for discovering it after the commitments were made.

2. How Manufacturing Fragility Becomes Enterprise Risk
Six mechanisms convert manufacturing fragility into financial consequence, and they compound—
which is why a problem that would have been a line item early becomes an enterprise event late.

A manufacturing problem rarely presents as a financial event. It presents as an investigation, a 
failed lot, a comparability question, a missed yield — each reading, at the moment it appears, as a 
technical matter with a technical owner. The financial consequence is real but indirect: it travels 
through the enterprise along pathways no single function tracks end to end. This section follows 
those pathways. The claim is not that every manufacturing problem produces each consequence, 
nor that the magnitudes are predictable. It is that the direction of conversion is consistent, and the 
mechanisms compound.

This paper does not estimate a universal dollar cost of late resolution. The magnitude is program-
specific and path-dependent; the purpose here is to identify the mechanisms through which 
unresolved manufacturing uncertainty can convert into enterprise cost, not to assign a transferable 
coefficient or benchmark.

Mechanism 1 — Schedule compression.
The first conversion is the most immediate: a manufacturing delay rarely stays a manufacturing 
delay. It propagates.
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A six-month delay to resolve a process or analytical issue does not cost six months of 
manufacturing effort. It cascades into the activities timed around the expected material. A clinical 
campaign waiting on supply slips. Enrollment windows move. A regulatory submission keyed to 
that data shifts. Each downstream function re-plans around the new date, and the slip compounds 
rather than adds — a delay in supply can cost more than its own duration once the dependent 
activities re-sequence around it.

Figure 2. Six Conversion Mechanisms. Conceptual illustration.

What makes this mechanism distinct from the others is that the lost time often becomes more 
valuable than the manufacturing problem that caused it. The fix may be modest; the schedule it 
disturbs may sit on the critical path to the next financing event, the next competitive milestone, or a 
partner's contractual trigger. In development-stage companies, time on the critical path is the 
scarcest resource the enterprise holds, and a manufacturing delay spends it without the 
manufacturing budget ever showing the true cost.

Mechanism 2 — Capital compression.
The second conversion is how manufacturing uncertainty consumes capital, and it does so in two 
ways that compound.

The direct way is visible and budgetable: additional characterization, analytical investigation, 
engineering studies, validation, external support. The indirect way is larger and less visible: delay 
extends timelines, and every additional month is another month of payroll, infrastructure, and 
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burn while revenue remains absent. The issue is not simply that more money is required. It is that 
the requirement arrives when less time remains to secure it.

This is the heart of compression. A problem resolved early is resolved against a long runway and a 
flexible cost base. The same problem resolved late lands inside a financing window deliberately 
compressed toward the next value-inflection event — because tight runway is disciplined, and 
capital efficiency is the explicit goal of late-stage development. That same discipline removes the 
slack that would have absorbed a manufacturing surprise cheaply. The organization optimized 
away its own shock absorber, and the surprise now forces a choice among unattractive options: 
raise earlier than planned, raise on worse terms, descope, or carry the risk forward. The company 
raises from weakness instead of strength — later, at a lower valuation, with more dilution. Each of 
those is a financial decision created by a technical problem, and none appears on the 
manufacturing ledger.

Mechanism 3 — Strategic optionality loss.
The third conversion is subtler and, for an enterprise, often the most expensive: as exposure 
accumulates, the menu of available responses shrinks.

Early in development, a manufacturing problem can be answered many ways. The process can be 
redesigned. A different CDMO can be selected. The formulation can change. The molecule can even 
be deprioritized at modest cost. Each is a real option with real value, and at this stage the options 
are cheap to exercise because little has been committed around any of them.

Every subsequent commitment forecloses some of these options. A signed manufacturing 
agreement makes switching partners expensive. A completed tech transfer makes redesign a re-
validation event. A regulatory filing anchors the process as described. A partnership attaches a 
counterparty's expectations to the timeline. None of these is a mistake — each is the correct action 
for advancing the program — but each converts a previously open choice into a fixed constraint.

By the time a manufacturing problem becomes visible at scale, most of the cheap responses have 
already been foreclosed by commitments made when the problem was still invisible. The 
organization is left to solve a problem it could once have designed around, using only the expensive 
responses that remain. This is the financial expression of Paper #1's intervention window: the 
window is open while cheap responses still exist, and it closes as commitment forecloses them — 
not because the problem grew harder, but because the option set that could have absorbed it 
shrank.

Mechanism 4 — Organizational distortion.
The fourth conversion is the one organizations find most difficult to see on a ledger, because it 
consumes a resource they don't price: attention.

A manufacturing surprise pulls the organization's scarce senior capacity toward recovery. 
Technical teams shift from advancing the program to stabilizing it. Leadership time goes to 
explaining delays, revising plans, updating stakeholders, and rebuilding confidence. Decision-
making becomes reactive. Capital and headcount that were allocated to value creation are 
redirected toward solving a problem that earlier resolution would have prevented.
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The cost here is an opportunity cost, and it compounds with the others: the same period in which 
capital is compressing and options are foreclosing is the period in which the people who might 
have found the cheaper path are consumed by managing the expensive one. It rarely appears in 
any budget, which is precisely why it is systematically underestimated.

Mechanism 5 — Commercial value erosion.
The fifth conversion reaches the asset's ultimate value: the market it was meant to reach.

When manufacturing problems delay a program approaching commercialization, the consequence 
is not only added cost — it is lost position. A delayed launch is a shorter effective patent runway, a 
narrower lead over fast-followers, and in competitive categories, ceded first-mover advantage. 
Market opportunity is time-sensitive in a way manufacturing timelines often are not treated as 
being; a six-month slip near launch can move a product from first to third in its class, with a 
permanent revenue consequence that dwarfs the fix that caused it.

This mechanism is distinct because its damage is not recovered when the problem is solved. Capital 
can be re-raised and attention can be redirected, but a lost launch window and a competitor's 
established share do not return. It is the mechanism most likely to convert a solvable technical 
problem into a permanent reduction in the asset's value.

Mechanism 6 — Valuation fragility.
The sixth conversion is the one that matters most to a board, because it explains a phenomenon 
boards repeatedly experience and rarely anticipate: a program that looked healthy re-prices 
sharply on a single disclosure.

A program's valuation reflects what is known about it. Clinical progress is continuously visible, so 
clinical risk is more or less continuously priced. Manufacturing fragility, as Paper #1 argued, is not 
continuously visible — it is fragmented across operational signals that never aggregate into a 
board-level view. The result is a valuation that has priced the clinical risk it can see while carrying 
manufacturing risk it cannot.

This is fragility in the precise financial sense: a value stable only as long as a particular piece of 
information stays hidden. When manufacturing fragility finally becomes visible — at scale, at 
transfer, at a failed comparability — it does not re-price gradually the way clinical risk does. It re-
prices abruptly, because the market incorporates in a single moment a risk that had been 
accumulating invisibly for years. The discontinuity is not the manufacturing event; it is the sudden 
correction of a valuation that had been carrying undisclosed risk. The board experiences as a 
collision what was, underneath, the delayed repricing of a risk the enterprise had carried all along.

The mechanisms compound.
These six pathways are not independent; they engage in sequence as commitment accumulates. 
Optionality loss sets the trap — cheap responses foreclose while the problem is still invisible. 
Capital compression and schedule compression spring it — the problem surfaces against a tight 
runway and a loaded critical path, with the slack already optimized away. Organizational distortion 
deepens it — the people who might find the cheap path are consumed managing the expensive one. 
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Commercial erosion makes part of the damage permanent. And valuation fragility delivers the 
magnitude — the accumulated, undisclosed risk corrects all at once.

This compounding is what the widening gap between exposure and understanding represents. The 
gap grows not because any single cost is growing, but because these mechanisms engage in 
sequence as exposure accumulates. The financial damage of a late manufacturing problem is large 
not because the problem is large, but because by the time it is visible, every mechanism that 
converts fragility into financial consequence is already in motion.

Worked Manufacturing-Readiness Scenario: Two Development Paths

When does continued reliance on a successful clinical-
supply route become an enterprise-risk decision?

Consider an illustrative small-molecule program entering Phase 1 with an adapted medicinal-
chemistry route. The route can make the required API, release compliant batches, and supply the 
trial. It has therefore succeeded at the job it was selected to do. But it also carries features that may 
be acceptable for early clinical supply and increasingly difficult to defend as the program advances: 
a long linear sequence, chromatography dependence, expensive or geographically concentrated 
starting materials, scale-sensitive operations, incomplete impurity-fate understanding, limited 
supplier redundancy, and uncertain fit with the equipment and throughput of a future 
manufacturing network.2,3,4,5

The scenario is not a case study and contains no program-specific empirical data. It does not 
prescribe a finalized commercial process before Phase 2, or a separate parallel route-development 
workstream for every program. The phase-appropriate response depends on modality, dose, 
demand, synthetic complexity, clinical probability, capital, and available development time. It asks 
a narrower question: has the intended manufacturing strategy matured enough to support the 
exposure the company is about to assume, or is successful clinical supply being mistaken for 
evidence of longer-term readiness? Two plausible paths show why the distinction matters.

Path A — Parallel route development during the intervention window

The company continues using the adapted route for Phase 1 supply while process chemistry 
develops the route the program may need for Phase 2 and beyond. The parallel track is not a 
premature validation program. It is a staged effort to retire the uncertainties most likely to become 
expensive later: route convergence and step count; yield, throughput, and cost of goods; critical 
starting-material availability and alternate sourcing; geographic concentration, import and export 
constraints, duties and tariffs; hazardous or difficult-to-scale operations; impurity formation, purge, 
and analytical control; equipment and facility fit; robustness, reproducibility, technology transfer, 
and commercial scalability.2,3,4,5

This path spends earlier, but it spends while technical choices, suppliers, CDMOs, equipment 
options, and development time remain available. The route does not have to be final. It has to be 
credible enough that the company knows what must be demonstrated next, what could force 
redesign, and which commitments should not yet be made.
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Path B — Continued dependence until exposure accumulates

The second company interprets successful Phase 1 supply as evidence that manufacturing is ready. 
Parallel route work is deferred. Phase 2 begins, enrollment and demand increase, capital is raised, 
regulatory commitments accumulate, CDMO slots are reserved, and timelines harden. Only then 
does the organization conclude that the adapted route must be replaced or materially redesigned.

The chemistry may still be solvable. What changed is the environment in which it must be solved. 
Route scouting, scale-up, analytical redevelopment, comparability, sourcing, and technology 
transfer must now proceed while the company protects clinical supply and commitments already 
communicated to investors, partners, regulators, and patients. The technical problem has become 
an enterprise-risk decision.

How the same route decision activates all six mechanisms

Mechanism Path A — earlier resolution Path B — late resolution

Schedule 
compression

Route work proceeds against a development plan 
with contingency.

Route scouting, scale-up, comparability, and 
transfer collide with the clinical clock.

Capital 
compression

Spending is staged against evidence and decision 
points.

Premium spending is used to preserve schedule 
and existing commitments.

Strategic 
optionality loss

Alternative chemistry, suppliers, CDMOs, and 
equipment remain selectable.

Existing contracts, filings, supply plans, and 
timelines narrow the feasible response.

Organizational 
distortion

Teams can compare options and stop weak 
approaches deliberately.

Teams protect the current plan and manage 
urgent supply rather than optimize the 
manufacturing architecture.

Commercial value 
erosion

Cost of goods (COGS), throughput, waste, cycle 
time, and resilience can influence route choice.

Poor economics or weak supply resilience persist 
longer and become harder to remove.

Valuation fragility Readiness evidence supports diligence and more 
credible planning.

A technical route issue begins to threaten 
financing, partnership, launch, or confidence in 
management's plan.

The comparison reveals the core asymmetry. The route's underlying chemistry did not necessarily 
become harder. The cost, constraints, and enterprise consequences of changing it became greater 
because exposure accumulated while the uncertainty remained unresolved.

A reader's diagnostic lens

1. Is the current route explicitly temporary, or is it becoming the commercial route by default?
2. Which unresolved route uncertainties become harder to change after Phase 2 begins?
3. Are critical starting-material cost, origin, capacity, logistics, duties, tariffs, and supply-

continuity risks understood beyond the next campaign?
4. Are route alternatives being evaluated while technical and supplier optionality still exists?
5. Is the organization measuring manufacturing readiness, or merely counting successful 

batches?
6. Which commitments will accumulate before the route uncertainty is resolved?
7. What would become more expensive if the same technical limitation were confronted 18 

months later?
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Successful clinical supply demonstrates that the current 
route can serve the present program. It does not 
demonstrate that the route is ready for the exposure the 
company is about to assume.

3. Why Most Financial Models Miss Manufacturing Risk
Standard valuation models carry manufacturing readiness as an unstated assumption rather than a 
visible input. The correction is not a new coefficient, but a governance question asked at each 
commitment.

The mechanisms described in the previous section raise an uncomfortable question. If 
manufacturing fragility can destroy enterprise value through schedule compression, capital 
compression, optionality loss, organizational distortion, commercial erosion, and valuation 
fragility, why is it so rarely visible in the financial models that govern biotech decision-making?

The answer is not that investors, boards, or management teams necessarily underestimate 
manufacturing; the answer is structural. Standard valuation models can represent manufacturing 
effects through cost, timing, probability, and scenario assumptions, but they do not consistently 
isolate manufacturing readiness as a distinct, visible decision input.

What the Models See
A development-stage biotech asset is typically valued through some form of risk-adjusted net 
present value (rNPV). Future cash flows are discounted back to the present and adjusted for the 
probability that the program survives long enough to generate them.6

Those probabilities are built from three familiar categories of risk:

 Clinical risk
 Regulatory risk
 Commercial risk

Each of these is visible: it can be discussed, benchmarked, and discounted. An investor reviewing a 
program expects to see them, a board expects to see them, and every diligence process examines 
them.

What is striking is not that manufacturing cannot be modeled, but that readiness assumptions are 
often implicit, program-specific, and nonstandardized. A model may reflect manufacturing risk 
through development cost, timing, technical probability, capital requirements, or scenarios without 
naming the readiness evidence behind those inputs. The practical weakness is therefore visibility 
and governance: manufacturing may influence many assumptions while remaining difficult to 
identify, challenge, and update as a distinct decision input.
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Why the Omission Persists
This omission is not careless; it is surprisingly difficult to correct, for three reasons.

First, manufacturing readiness lacks a widely accepted public base rate comparable with 
commonly cited clinical-transition tables. Clinical probabilities have been analyzed across large 
program datasets and are repeatedly benchmarked. In the bounded public-source review 
performed for this revision, no equivalent cross-industry table was identified for the probability 
that a Phase 1 process will support Phase 3, validation, launch, or commercial scale. That is a dated 
search finding, not proof that no proprietary, modality-specific, or future benchmark exists. The 
immediate modeling problem is that no broadly accepted number is available for routine use as a 
manufacturing-readiness discount.

Second, manufacturing fragility behaves differently than the risks the model was built to capture. 
Clinical and regulatory uncertainty generally decline as a program advances, each successful 
milestone removing a portion of what remains. Manufacturing fragility often follows a different 
trajectory: as Paper #1 argued, enterprise exposure can accumulate faster than manufacturing 
understanding, and the organization becomes increasingly dependent on assumptions that have 
not yet been fully tested under scale, transfer, validation, or commercial conditions. The risk is not 
shrinking simply because the program is progressing — in some cases it is growing — which makes 
it fundamentally different from the risks the model was designed to discount.

Third, manufacturing fragility is often revealed discontinuously. Clinical risk is repriced gradually 
as data emerge; manufacturing fragility frequently remains hidden until a specific event exposes it 
— a scale-up campaign, a transfer, a comparability exercise, a validation program, or a commercial 
launch. The consequence is not a gradual adjustment but an abrupt correction. The model assumes 
a smooth risk profile; the underlying risk behaves like a step function.

The result is a blind spot that emerges precisely where enterprise exposure is greatest. The model 
captures the clinical, regulatory, and commercial risks it can explicitly name, while the 
manufacturing risk it cannot quantify is carried implicitly as an assumption. This creates a 
dangerous illusion of completeness: a valuation may appear rigorous while still depending on 
readiness assumptions that have never been formally examined.

The model is not wrong about the risks it includes; it is incomplete about the one it has no slot for.

What a Corrected View Requires
The instinct, after identifying a missing variable, is to create a new coefficient. This paper does not 
propose one. No defensible manufacturing-readiness discount currently exists, and inventing one 
would introduce false precision into a framework that would quickly begin treating that precision 
as fact. The solution is not a new number; it is a new question. A board, investor, or executive team 
should ask:
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Figure 3. What Boards Miss. Conceptual illustration.

Is Enterprise Exposure growing faster than Demonstrated Readiness?

The question has to be read precisely, because read loosely it answers itself. Exposure grows in 
every program — every financing round, every signed agreement, every completed transfer adds to 
it. A version that asked only whether exposure is growing would always return yes and would 
collapse into a standing instruction to spend more. That is not the test. The comparison is relative: 
whether exposure is growing faster than demonstrated readiness — whether the gap between what 
the enterprise has committed to and what it has actually established is widening or holding.

That version discriminates, because it has real negative answers. A program that resolves scale-
dependent behavior before signing a commercial supply agreement, establishes comparability 
before installing capacity, or proves its analytical methods before filing is demonstrating readiness 
before each increment of exposure is locked in. For such a program the honest answer is no: 
exposure is growing, but demonstrated readiness is keeping pace. The question earns its value 
precisely because it can be answered either way; a test that only ever returns one answer tests 
nothing.

This is also what makes it operational rather than rhetorical. The question is owned by a named 
individual and asked at each commitment that raises exposure. Before the agreement is signed, the 
transfer completed, the forecast built, or the filing made, has the organization demonstrated 
enough readiness to support this specific commitment? Asked that way, the question is a 
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checkpoint, not a slogan. It can be answered, it can be answered wrongly, and a program can be 
shown over time to have drifted into the gap one commitment at a time.

So posed, the question complements the model. It compares trajectories rather than inventing a 
probability, surfaces risk before revelation rather than repricing it afterward, and does not require 
a universal industry benchmark because it evaluates the relationship between exposure and 
demonstrated readiness inside a single program. In practice, it makes the readiness assumptions 
behind financial inputs visible as a governance question.

The objective is not to replace financial models. It is to recognize their blind spot before that blind 
spot becomes an enterprise event.

Executive Questions Every Board Should Ask
1. Which manufacturing uncertainties remain unresolved, and how critical are they to future 

execution?
2. At each commitment that raises exposure, has Demonstrated Readiness advanced enough to 

support it — or is the Readiness–Exposure Gap™ widening?
3. What strategic options would disappear if this uncertainty became visible six months from 

now?
4. Which assumptions supporting today's valuation depend on manufacturing readiness that has 

not yet been demonstrated?
5. Who is accountable for comparing Demonstrated Readiness against Enterprise Exposure before 

additional commitments are approved?

4. Four Case Studies Revisited
Whether a risk was known, discoverable but undemonstrated, or emergent at the relevant decision 
point, the consequence was governed by how much the enterprise had committed before it surfaced.

These cases are not offered as proof of the framework. The Cost of Late Resolution™ does not 
depend on any single company, product, or manufacturing event; the framework stands on its own. 
They are included to illustrate what it asserts but cannot demonstrate in the abstract: that the 
magnitude of a manufacturing problem's consequence is governed less by the technical difficulty of 
the issue than by how much capital, infrastructure, commercial planning, and organizational 
commitment had accumulated around it before it surfaced.

The cases are read through a three-part evidence spectrum rather than a binary verdict: known 
and unresolved; discoverable but undemonstrated under the work actually performed; and 
emergent or weakly detectable at the relevant decision point. Myozyme and Kymriah primarily 
illustrate uncertainties that could be evaluated and governed before exposure hardened. The 
sartans and Norvir test the framework under lower detectability. The historical record does not 
justify calling either event categorically unknowable or prevention impossible. The harder question 
is whether exposure still governs consequence when a risk was not demonstrated under prevailing 
controls and practice.



PORTFOLIO CMC ADVISORS

The Cost of Late Resolution™  •  14

In all four cases, exposure set the cost. What differs between the pairs is not whether the 
framework holds but which response it implies.

Known, Discoverable, and Emergent Risk

Myozyme: Deferred Comparability

Myozyme was approved in the United States using material produced at the 160-liter scale. 
Genzyme pursued a separate U.S. biologics-license pathway for 2,000-liter material; FDA concluded 
that the larger-scale product required separate review and additional clinical support. The later 
4,000-liter Geel manufacturing scale followed its own regulatory path. The chronology supports a 
late scale-and-comparability burden, but the public record does not establish comparability as the 
sole cause of the overall timing outcome.7,8,9

Comparability was one material issue within a broader regulatory and manufacturing sequence. By 
the time the larger-scale pathway required additional evidence, capacity had been installed, 
commercial expectations had formed, and patients were waiting on the supply it was meant to 
provide. The case illustrates how unresolved scale-transition evidence becomes more consequential 
as exposure accumulates, without assigning the full delay to a single causal gate.

Kymriah: Commercial Reality

Novartis' first-in-class CAR-T therapy demonstrated a different version of the same pattern. The U.S. 
commercial-release specification required at least 80% viable cells, compared with at least 70% in 
the pivotal trial and in certain other markets. That difference created a real commercial 
manufacturing constraint, but the public record does not support treating one threshold as a 
universal measure of clinical equivalence or manufacturing readiness.10

The process and its controls were not static: subsequent manufacturing improvements and 
operational experience changed performance over time. The defensible lesson is narrower. A 
release attribute that can be managed differently in development becomes enterprise-significant 
when commercial supply, patient commitments, and launch objectives depend on consistent 
execution under the applicable market specification.

Lower-Detectability Risk
The next two cases are the harder test. They show why a diagnostic must distinguish actual 
knowledge from potential discoverability and from risks that remained emergent or weakly 
detectable under the controls then in use. If exposure governs consequence even in that setting, the 
framework is making a claim about governing exposure, not merely about doing more early work.

The Sartans: Exposure Without Visibility

The 2018 detection of N-nitrosodimethylamine (NDMA) in valsartan exposed a control-strategy 
blind spot rather than a compound that was analytically impossible to measure. European 
regulators reported that, before June 2018, NDMA and N-nitrosodiethylamine (NDEA) were not 
identified impurities in sartan medicines and therefore were not detected by routine tests. FDA 
likewise stated that the tests reviewed during its 2017 inspection of a major valsartan API 
manufacturer were tests in which nitrosamines would not normally have been detected, and that 
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formation in the specific angiotensin-II-receptor-blocker API processes had not previously been 
clear.11,12

The same record does not justify calling the risk unknowable or prevention impossible. In a site-
specific warning letter, FDA found inadequate investigation of unidentified chromatographic peaks, 
inadequate assessment of mutagenic-impurity formation during a process change, and failure to 
evaluate the need for additional analytical methods; FDA stated that deeper investigation might 
have revealed indicators of NDMA. The defensible conclusion is that visibility was incomplete and 
uneven: the risk had not been recognized and incorporated into prevailing routine controls, while 
some site-specific warning signals and preventable control failures existed. The impurity was 
hidden from routine control, but the commercial exposure surrounding it was not. Once the issue 
surfaced, distributed product, supply-chain reach, patient dependence, and regulatory 
commitments governed the magnitude of the consequence. That final exposure interpretation is 
Portfolio CMC synthesis; it does not claim that earlier discovery or prevention was guaranteed.13

Norvir: The Cost of a Hidden Assumption

During ritonavir's development, only the original crystal form had been observed. In 1998, a less 
soluble and more stable form emerged in manufacturing, disrupted capsule supply, and forced a 
formulation and process response. Later crystallization studies demonstrated greater solid-form 
diversity than the original program had revealed. The record supports a narrower conclusion than 
'unforeseeable': the risk was not demonstrated at the relevant decision point and became 
exceptionally difficult to control once seeded.14,15,16

The historical counterfactual cannot be proven. The evidence does not show that Form II would 
have been readily discovered by a different reasonable prelaunch program, and it does not show 
that discovery was impossible. What can be shown is that a commercial system had accumulated 
around an incomplete solid-form understanding, so the consequence expanded far beyond the 
crystallization event itself.

The Common Pattern
Across the spectrum, exposure determined how expensive resolution became. For known or 
discoverable uncertainties, the implication is to resolve them while choices remain. For emergent 
or weakly detectable risks, the implication is not retrospective certainty; it is to govern exposure, 
preserve options, and make the assumptions supporting each commitment visible.

The framework therefore does not claim that all uncertainty can be eliminated. Where uncertainty 
can reasonably be resolved, it should be resolved before exposure accumulates around it. Where 
detectability is weak or evidence remains incomplete, the response is the governance posture of 
Section 3: preserve options, record the assumption, and assign accountability for deciding whether 
exposure is outrunning demonstrated readiness.

If the Cost of Late Resolution™ explains the penalty for delayed understanding, the Readiness 
Premium™ explains the value preserved when understanding keeps pace with exposure.
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5. Why Early Manufacturing Investment Appears Expensive
Early readiness looks expensive because its cost is visible while the risk it retires is not. The penalty 
for spending too early is bounded; the penalty for spending too late can extend across the enterprise.

The argument for delaying manufacturing investment looks rational. Drug development is 
uncertain, most programs never reach commercialization, clinical failure rates are high, and 
capital is finite. Within that reality, heavy early investment in process understanding, analytical 
development, and scalability can be hard to justify: why spend against a program that may never 
succeed? If it fails clinically, much of that spend returns nothing.

The logic is sound but rests on one assumption — that the primary risk is investing too early. The 
Cost of Late Resolution™ framework points to the opposite risk. The penalty for investing too early 
is bounded: it is limited to the investment itself, and only matters if the program fails. The penalty 
for investing too late is not bounded — it reaches timelines, financing, valuation, optionality, and 
commercial position at once, and only if the program succeeds.

If a program fails clinically, early manufacturing investment may prove unnecessary. If the 
program succeeds, inadequate manufacturing understanding grows more expensive as enterprise 
exposure accumulates around it.

This is the asymmetry of success. Organizations tend to focus on the first risk because it is concrete 
and easy to quantify, and to discount the second because it stays invisible until it materializes.

The Portfolio Objection
There is a sharper version of the deferral argument, and it deserves to be stated in its strongest 
form rather than answered in a weaker one. An investor does not hold one program; they hold a 
portfolio in which most assets fail clinically. Spread readiness investment across that portfolio and 
most of it is spent on programs that will never reach the scale where late resolution becomes 
expensive. The unbounded cost lands only on the survivors. On an expected-value basis across the 
whole portfolio, the objection runs, deferral can win — pay the bounded early cost on every 
program, or pay the unbounded late cost on a few, and the arithmetic favors waiting.

The objection is correct about one thing and wrong about another. It is correct that uniform early 
spend against a population that mostly fails is hard to defend. It is wrong in assuming that is what 
readiness requires.

The error is in the word readiness itself. The objection assumes readiness means purchasing 
certainty — full process characterization, analytical depth, and validation-grade understanding on 
every asset, early. That version of readiness is genuinely expensive, and in a portfolio environment 
where historical Phase-I-to-FDA-approval estimates have remained below 10 percent, it is genuinely 
hard to justify. But certainty is not what the framework asks an organization to buy. As the next 
section develops, the two companies that diverge under this framework do not differ because one 
purchased certainty. Neither did. One purchased readiness — and readiness, in the sense that 
matters here, is the preservation of cheap options before commitment forecloses them, not the 
elimination of risk.17,18
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That distinction dissolves most of the portfolio objection. The expensive moves — the ones the 
objection rightly attacks — are not the ones the framework prioritizes. The moves that matter early 
are the cheap ones: characterizing enough to know where a program's manufacturing fragility 
actually sits before signing the agreements, completing the transfers, and embedding the forecasts 
that make later resolution expensive. Those moves survive the portfolio math, for two reasons. 
They are cheap, so spreading them across a portfolio that mostly fails costs little. And they buy 
information about where the risk is — information that has value even on a program that later dies 
clinically, because it informs every commitment made in the interim.

Why the Cost Lands Where the Value Is
Even granting the expected-value framing, it misses the shape of the distribution it is averaging 
over. Late cost is not spread evenly across the portfolio. It is fat-tailed, and it is correlated with 
success: it lands on the assets that clear clinical risk and accumulate exposure — which are, by 
definition, the assets carrying most of the portfolio's value.

This is the logic a portfolio investor already applies elsewhere. Venture returns are positively 
skewed: a relatively small number of strong outcomes can account for a disproportionate share of 
portfolio value. A portfolio can absorb many small readiness investments on programs that do not 
advance. What it cannot easily absorb is a value-destroying manufacturing event on one of the 
assets carrying a large share of expected value — a schedule slip near launch, a financing forced 
from weakness, or a valuation repriced on a single disclosure.19

Seen this way, readiness investment is not a bet that maximizes the average outcome. It is a form of 
risk protection whose cost is distributed across programs in order to protect the smaller number 
that may ultimately carry concentrated portfolio value. The appropriate level remains stage- and 
program-specific; the principle is to purchase information and preserve options before exposure 
makes the same uncertainty harder to resolve.

What This Scopes the Claim To
This narrows the prescription to something more honest and more defensible than "spend early on 
everything." The cost asymmetry is strongest exactly where two conditions hold: the asset is 
clearing clinical risk, and exposure is accumulating around it. That points to staged readiness — 
investment that ramps with clinical confidence, concentrating on assets as they survive rather than 
spreading uniformly across a population that mostly will not. Early in a portfolio's life the 
dominant discipline is keeping cheap resolution available; as an asset advances and exposure 
grows, the case for deeper readiness investment strengthens with it.

The framework does not ask a fund to spend against the failure rate. It asks two things: keep cheap 
resolution available rather than foreclosing it through premature commitment, and concentrate 
real readiness investment on the assets clearing clinical risk — which are the same assets 
accumulating the exposure that makes late resolution catastrophic.

Deeper manufacturing investment may be rationally deferred when enterprise exposure remains 
low, the asset is early and clinically uncertain, the platform or process is well precedented, 
comparatively inexpensive and reversible options remain open, and no hard-to-reverse supplier, 
filing, capacity, financing, or commercial commitments are forming. In that setting, the disciplined 
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choice may be to spend only enough to preserve options and define the next evidence trigger. 
Readiness is not certainty purchased in advance; it is the evidence needed to keep the next 
commitment reversible.

Readiness as Capital Allocation
Early investment is highly visible — budgets, headcount, external work, added studies — and easily 
scrutinized. The cost of delayed understanding is not a line item; it is distributed across the 
enterprise as compressed financing, narrowed options, disrupted partnerships, valuation pressure, 
and diverted attention. Organizations therefore compare a visible cost against an invisible risk, and 
the visible cost usually looks larger — until it is not.

Seen this way, manufacturing investment is not only a technical expense; it is a mechanism for 
reducing future enterprise exposure. Every uncertainty resolved before major commitments form 
removes a potential source of later disruption. The useful question is not how much manufacturing 
investment is justified at this stage, but a different one:

What enterprise exposure is being created while critical manufacturing uncertainty remains 
unresolved?

That shift turns manufacturing investment from an operational expense into a capital-allocation 
decision. Leadership is no longer deciding whether to spend on manufacturing; it is deciding how 
much unresolved uncertainty the organization is willing to carry as exposure grows.

The Readiness Paradox
The difficulty is that readiness investment looks most expensive exactly when it is most valuable. 
While development is progressing smoothly, manufacturing uncertainty is invisible, milestones are 
landing, and options still feel abundant, so the spend feels unnecessary. Yet that is precisely the 
window in which it buys the most, because once the uncertainty becomes visible, exposure has 
already accumulated, commitments have already formed, and the chance to resolve it cheaply has 
largely passed. The purpose of readiness investment is not to perfect manufacturing. It is to keep 
unresolved uncertainty from maturing into an enterprise event.

6. The Readiness Premium™
The value of early readiness is those six mechanisms running in reverse—a loss that never happens, 
and therefore the hardest kind of value to credit.

Everything to this point has described what unreadiness costs. But the same mechanisms that 
destroy enterprise value when uncertainty is resolved late create enterprise value when it is 
resolved early. The advantage is not a separate benefit layered on top of good manufacturing. It is 
the six mechanisms of the previous sections running in reverse.

We refer to this advantage as the Readiness Premium™ — the enterprise value preserved by 
resolving critical uncertainty before exposure accumulates around it. It is worth stating plainly 
what kind of claim this is: the Premium is not a return that can be isolated on a financial statement 
or quantified as a percentage. It is an avoided cost, and avoided costs are real but invisible — the 
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disruptions that did not happen, the options that stayed open, the financing that closed on schedule. 
The Premium is most valuable precisely when it is least visible, because its value is measured by 
the enterprise events it prevented.

The Readiness Premium™ is not the value created by 
manufacturing. It is the value preserved before 
uncertainty becomes expensive.

The Mechanisms in Reverse
Each pathway that converts fragility into damage also converts readiness into advantage.

Where late resolution compresses the schedule, earlier resolution can protect the critical path—the 
program has a better chance of reaching its milestones when expected because uncertainty was 
addressed while the timeline still had slack. Where late resolution compresses capital, earlier 
readiness can allow financing to proceed on plan rather than under duress. Where late resolution 
destroys optionality, earlier readiness can preserve choices among processes, manufacturers, 
partnerships, and deal structures before commitments narrow the field. Where late resolution 
distorts the organization, earlier readiness can keep senior attention on value creation instead of 
recovery. Where late resolution erodes commercial position, it can protect the launch window and 
the lead it confers. And where late resolution exposes a company to abrupt repricing, earlier 
readiness can reduce dependence on assumptions vulnerable to a single disclosure. Read 
backward, the six mechanisms that destroy value preserve it—the same pathways, the same order, 
the opposite sign.

None of these is a windfall. Each is simply the absence of a loss the previous sections described. 
That is precisely why the Premium is undervalued, and undervalued in a specific, structural way: 
an organization that earns it experiences not a visible gain but an uneventful progression — the 
raise that closed, the transfer that held, the launch that landed on time. The advantage shows up as 
the absence of crisis, which is the hardest form of value for an organization to credit, because 
nothing appears to have happened. A gain can be booked; a non-event cannot. The Premium is 
claimed only by organizations willing to value a loss that did not happen as highly as a gain that 
did.

The Premium in the Worked Scenario
The worked scenario in Section 2 showed the same asymmetry in concrete form. The organization 
that acted during the intervention window did not purchase certainty; it preserved the option to 
change route, supplier, control strategy, and timing before those choices became load-bearing. The 
organization that waited confronted similar science inside a narrower decision space. The 
Premium was not the absence of risk. It was the freedom to resolve risk before commitment made 
it expensive.
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The Premium Scales with the Program
This closes the portfolio argument of the previous section from the other side. Section 5 showed 
that late cost concentrates on the survivors—the assets that clear clinical risk and accumulate the 
exposure that makes late resolution expensive. The potential value protected by readiness can 
concentrate in the same place, for the same reason: it is value preserved on those advancing assets. 
That is not a fixed or guaranteed return to early spending. It means that as a program's prospects 
strengthen and capital, contractual, regulatory, and commercial commitments attach to it, 
unresolved uncertainty can become more consequential and preserved optionality more valuable. 
The potential Premium is therefore largest on the programs an investor can least afford to see 
disrupted.

Lower Enterprise Volatility
Taken together, the reversed mechanisms can produce an enterprise-level property that a board 
can recognize even without naming each pathway: a program whose readiness keeps pace with its 
exposure carries less hidden manufacturing risk and may behave more predictably. Its valuation 
may be less vulnerable to abrupt correction, its financing less likely to arrive under pressure, and 
its strategic options less likely to vanish at the moment they are needed. This does not eliminate 
volatility or establish a measurable financial premium. It describes lower avoidable exposure to 
manufacturing-driven disruption—an exposure that can raise the price of capital, shorten the 
patience of partners, and force decisions under pressure when it materializes.

This is the Premium's clearest board-level expression: not a higher number, but a steadier one.

Conclusion
Manufacturing uncertainty is unavoidable. Every program carries unknowns, every process 
contains them, and every organization commits before the information is complete. The existence 
of uncertainty was never the problem this paper set out to explain — the timing of its resolution 
was.

The argument reduces to a single asymmetry. The manufacturing issue stays roughly fixed while 
the enterprise built around it grows, so the cost of resolution is governed less by the issue than by 
how much has been committed before it surfaces. Capital is deployed, timelines harden into 
commitments, partnerships advance, commercial expectations form, and an increasing share of the 
organization comes to depend on an assumption of readiness that has not been established. When 
that assumption proves incomplete, the consequence is rarely contained by the function that owns 
the fix. It is determined by everything that was built around it.

This moves the decisive question off the manufacturing floor. It is no longer whether 
manufacturing risks exist — they always do — but whether the organization's commitments are 
expanding faster than the evidence supporting future readiness. That is not a technical question. It 
is a capital-allocation question, and it belongs in the room where capital is allocated.

As Section 3 showed, a risk-adjusted valuation can reflect manufacturing through costs, timing, 
probabilities, and scenarios, yet still leave readiness assumptions implicit and difficult to challenge. 
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Governance supplies the missing visibility. The correction is not an invented coefficient but a 
standing question, owned by a named executive and asked at each commitment that raises 
exposure: is Enterprise Exposure growing faster than Demonstrated Readiness? The same 
discipline that prevents the Cost of Late Resolution™ is the one that earns the Readiness Premium™.

The governance posture is implemented through the disciplines introduced in Paper #1: maintain a 
standing known-unknowns register; conduct exposure-event readiness reviews; define a weak-
signal threshold for what counts as normal; weight CDMO selection toward resilience; and assign a 
single owner for the readiness–exposure comparison. The P2MW Diagnostic applies that 
comparison at the program level. This paper supplies the economic rationale; Paper #1 and the 
Diagnostic supply the operating discipline.1

For most organizations, the place to begin is an honest reading of where that gap stands today. The 
P2MW Diagnostic is built to compare Enterprise Exposure against Demonstrated Readiness for a 
specific program while the comparison can still change the decision.

This paper has explained why late resolution is expensive. A question remains that cost alone does 
not answer: if the economics so plainly favor resolving uncertainty early, why do capable 
organizations so often do the opposite — continuing to commit as the gap widens, accelerating 
toward the Wall rather than around it? The next paper takes up that question: the role of 
organizational momentum, how confidence shapes decisions under uncertainty, and why some 
companies see the gap in time while others do not.

Understanding fragility explains why the Wall exists.

Understanding exposure explains why it is expensive.

Understanding momentum will explain why it is so often unavoidable — and how the few avoid it.
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