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Abstract
A critical cost driver in the product development process is the manufacturing of clinical
trial material supplies. The clinical manufacturing process operates under similar regulatory
burdens as commercial biopharmaceutical manufacturing, but must operate with a high degree of
flexibility to respond to emerging data from ongoing clinical programs and competitive
intelligence. This project investigates the current state of clinical monoclonal antibody (mAb)
manufacturing and generates possible future states for low-cost, flexible manufacturing. Pfizer
currently has a world-class clinical manufacturing facility in St. Louis, MO, and forecasts have
not predicted sufficient growth in the market to justify additional facilities under the current
strategy. However, with many other companies turning to single-use technology, Pfizer would
like to consider the benefits of a new low-cost, flexible facility for the benefits of flexibility and
faster speed to market.
A high-level facility model includes capital costs, technical specifications, and a dynamic
view of the operational costs based on product attributes. This model shows that a campaign
cost of less than $2.6M can be achieved with only 3 projects per year, which represents a facility
utilization of less than 40%. At a loading of 4 campaigns per year, this facility would have a
payback period of less than 3 years. The conservative facility design shows how capacity can be
added with a low operational cost and less than $5M of overhead per year. Business factors such
as pipeline prospects and availability of capital may prevent execution of the project in the near
term, but investment in single-use equipment is advisable to gain experience in technologies that
are likely to play a large part in biopharmaceutical manufacturing in the future.
Thesis Supervisor: J. Christopher Love
Title: Associate Professor, Chemical Engineering
Thesis Supervisor: Retsef Levi
Title: J. Spencer Standish Professor of Management
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Glossary
Batch

The material that is produced with one cycle of the production equipment.
Usually the size of a batch is defined by the amount of material that is produced
by the last bioreactor before harvest and purification.

Campaign

The total manufacturing activities that take place to produce the required amount
of product for a clinical trial. This may consist of multiple batches.

CD

Building reference of commercial manufacturing site in Andover, Ma.

cGMP

Current Good Manufacturing Practice

CHO cell

Chinese Hamster Ovary cell

CMO

A Contract Manufacturing Organization is a company that is hired to produce
product for another company. The contract manufacturer would typically offer
production for clinical or commercial use from instructions and initial cells that
are provided by a customer.

Chromatography

A unit operation used in organic chemistry to separate different materials in a
mixture. This is done by passing the mixture through a packed column and
creating separation based on some property of the species, such as size, charge, or
molecule affinity to the column packing material.

DS

Drug substance is the mixture that contains the active pharmaceutical ingredient
(e.g monoclonal antibody). While the drug is in the final chemical state, it is not
ready for use because it is not in the proper solution and dosage for delivery to a
patient.

DP

Drug product is the final state of the drug in finished form and dosage to be
delivered to a patient.

Greenfield

A greenfield project is a new facility that does not utilize currently existing
infrastructure.

JJ

Building reference of clinical manufacturing site in St. Louis, Mo.

mAb

A monoclonal antibody is a protein secreted by an immune cell that has been
cloned to ensure that all secreted proteins are identical.

PGS

Pfizer Global Supply is the group at Pfizer that is responsible for all commercial
manufacturing

SUB

Single-use bioreactor, which consists of disposable product contact surfaces,
sensors, and a shell, is the vessel that grows the cells for production of the desired
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mAb proteins. These reactors can range in size from a few liters to 2000L.
Titer

The titer is the measure of weight of protein in a given volume of fluid. Usually
in units of grams per liter, this metric is often used to describe the productivity of
the upstream process, with higher titer values being more desired.

UF/DF

Ultrafiltration / Diafiltration are filtration processes that are used to remove
impurities smaller than the protein of interest. This unit operation allows small
impurities to pass through the filter while the protein cannot pass. This has the
side effect of concentrating the protein. Diafiltration will add new solution into
the process to ensure impurities are properly rinsed out and the desired
concentration is achieved.

Downstream Yield

The total weight fraction of protein that is recovered in the drug substance
manufacturing process between the reactor and the end of the purification
process.

WRD

Worldwide Research and Development is the Pfizer division responsible for all
drug development activities up to Phase III. Phase III activities are executed with
a joint team from both R&D and commercial divisions.
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1

Introduction

1.1 Project Motivation
The motivation for this project is to explore methods to reduce cost and increase
flexibility in the manufacturing of drug substance (DS) for early stage clinical manufacturing.
Single-use equipment is a classification of manufacturing equipment that is characterized by
having disposable, pre-sterilized product contact surfaces. The potential cost savings of singleuse equipment comes from low capital cost as high-grade, cleanable product contact surfaces and
cleaning systems are not required. The flexibility comes from the lower level of cleaning and
verification required when switching products as well as the ability to keep the equipment idle
due to the low capital cost of the equipment. Classical biopharmaceutical manufacturing has
followed a paradigm of large, expensive, stainless steel equipment and permanent infrastructure
to support the development while new technology has an emphasis on small, disposable
equipment with limited infrastructure.
The early stage clinical development includes non-human testing, Phase I, and Phase II
testing. The phases of clinical trials are summarized in Appendix A: Description of Clinical
Trials. The purpose of the facility in the early stage clinical manufacturing of Phase I and Phase
II is to (1) provide samples to study the safety and efficacy of the product (2) perform scale-up
activities to determine process conditions for larger scale cGMP facilities. Other companies and
vendors have been exploring single-use technologies to create flexible capacity and Pfizer would
like to explore these options for early stage clinical manufacturing. Only early stage clinical
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manufacturing is considered in this model because it is the simplest case of cGMP
manufacturing.

1.2 Hypothesis
The hypothesis of this thesis is that a facility can be built for the purpose of
manufacturing a monoclonal antibody, or mAb, product for early stage clinical trials at a fraction
of the cost of conventional facilities. This type of facility can utilize single-use technology to
significantly lower the capital cost and increase flexibility by operating at low utilization while
maintaining a total campaign cost equal to or less than current options. Based on the types of
well understood processes being utilized, a facility of this type would be a good candidate to
replace the outsourcing needs of the company.

1.3 Project Description
This project investigates the current state of clinical monoclonal antibody (mAb)
manufacturing and generates options for low-cost, flexible manufacturing infrastructure. Pfizer
currently has a world-class early clinical manufacturing facility in St. Louis, MO. and forecasts
have not predicted substantial growth in the number of projects in the product portfolio. With
many other companies turning to single-use technology Pfizer would like to consider the benefits
of a new facility for the benefits of flexibility, lower cost, and faster speed to market.
A focus is placed on evaluation of current technology with respect to both a standalone
facility - often referred to as a greenfield site - and a facility that is integrated with current
infrastructure. The first stage of this work is targeted toward research into current practices,
technologies, and past studies of modeling biologics manufacturing facilities. The second stage
develops a model for an early stage clinical manufacturing facility. This proposed model
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includes estimated capital costs, operations costs, technical specification, and general of how the
facility complements and integrates with Pfizer's current facilities.
The costs of the current manufacturing network are examined and compared to the costs
of a new facility. The current manufacturing network for clinical material consists of three
facilities: a facility in St. Louis, MO (JJ facility) designed for the manufacture of clinical
materials, a facility in Andover, MA (CD facility) designed for commercial manufacturing, and
3-4 contract manufacturing organizations (CMO) capable of producing clinical material. The St.
Louis clinical facility is the most capable facility in the network and has the most experience
developing new products, so it is not practical for a mostly single-use facility to completely
replace it. The most applicable cost comparison will be with the outsourced manufacturing
options as those are both the most expensive projects and usually consist of the most standard
processes. While there are cost and capability differences between specific CMOs, this project
considers only current CMO partners. Using only experienced suppliers assumes that the quality
and cost of each project is effectively equal between companies.
The results of the model are presented for two cases. The first is a base case that uses the
most conservative estimates based on current manufacturing practices today. The second is an
optimized case that analyzes several high impact parameters to lower cost and increase process
efficiency. The optimized model is then analyzed further using a Monte Carlo simulation to get
a sense of the variability of project costs. The variables that are simulated in the analysis are
different product attributes, batch failure rates, and operational costs. The results are then
discussed and recommendations are developed.
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1.4 Thesis Overview
Chapter 1 introduces the project, giving insight on the motivation for the work and
outlining an overview of the project. The hypothesis that the thesis attempts to answer is
proposed.
Chapter 2 frames the problem by giving background information necessary to understand
the context of the work. This section begins with industry context for manufacturing in the
pharmaceutical industry. Next, current mAb manufacturing process and costs are described.
Lastly, current Pfizer company operations are discussed as well as how this process fits into the
business.
Chapter 3 contains the literature review. The literature review outlines previous work
published on topics that relate to this project. These sources set up a framework for much of the
modeling methods used in this paper. The topics explored in this section are mAb process
modeling, single-use technology in biologics, cost estimation for biopharmaceutical plant, and
financial analysis using net present value and cost of capital calculations.
Chapter 4 outlines the methodology and structure of the manufacturing model. Inputs,
outputs, and critical parameters are identified and discussed.

Model accuracy is discussed

through comparison to industry data.
Chapter 5 presents the results of several scenarios of the model. A base case, optimized
model, and Monte Carlo simulation are presented. Critical assumptions to building that model
are discussed.
Chapter 6 further analyzes the model, particularly through analysis of the net present
value. Execution criteria are discussed, as well as additional considerations for a facility that are
not currently incorporated into the model.
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Chapter 7 concludes the paper by summarizing the main points and providing a
recommendation on when to proceed with building the proposed facility.
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2 Background
2.1 Pharmaceutical Industry
The pharmaceutical industry has worldwide prescription drug sales of over $700B in
2013, with projections over $1,000B by 2020 [1]. Of these sales, biologics represent a growing
number of therapies. In 2012, biologics sales were over $63B and have increased steadily over
the past several years [2]. Monoclonal antibody therapies represent 5 of the top 10 selling
prescription drugs including the top seller in 2013, AbbVie's Humria [1]. With biologics being
such an important part of the pharmaceutical industry, development cost and speed to market are
critical to the creation of a successful product. Additionally, increasing quality and reducing
supply chain risk are important considerations when developing a production process.
Manufacturing of biological entities is constantly improving. Historical penicillin
production is a great example of the effect of experience and volume on production costs.
Figure 1 shows how the cost of penicillin per pound decreased at an exponential rate during the
period between 1945 and 1980. Much of this cost reduction was driven by production
experience and productivity gains. The same progression has occurred in mAb manufacturing.
Similar to penicillin, productivity of the mAb manufacturing process has increased steadily over
the past decades. The titer -a measure of the amount of protein that is present in a given volume
of fluid- has improved dramatically over the past few decades, which is shown in Figure 2. This
trend has reduced the amount of reactor volume required to produce the same amount of
material.
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2.1.1 Conventional Manufacturing
The current process for manufacturing drug substance (DS) has historically varied from
product to product. However, in recent years there has been an effort to standardize many of the
mAb processes to speed development and prevent the need for new equipment for every project.
While this standard process will not fit every new product, it is suitable for many wellunderstood mAbs.
The mAb manufacturing process is normally divided into two sections: the DS process
and the drug product (DP) process. The goal of the DS process is to grow cells, get them to
express a protein of interest, and separate that protein into a pure form. A common cell used in
the production of mAbs is the Chinese hamster ovary (CHO) cell. Manufacturing of the drug
substance is commonly divided into two sections. The first, known as upstream processing, has
the purpose of growing the cells and getting them to create the protein of interest. The second,
known as the downstream process, is targeted at separating and purifying the protein. The
upstream and downstream processes of drug substance manufacturing are shown in Figure 3.
Each of the unit operations in the downstream process usually use holding vessels between
operations, however for clarity these are omitted from the figure. Once purified, the DS is often
freeze dried or frozen until ready to be processed into DP. The drug product process puts the DS
into a form that can be delivered to a patient. For the manufacture of biologics, DP process is
often considered straightforward and the more complicated and expensive step is usually the DS
process.
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Understanding the current cost of manufacturing is important when considering a new
facility. The cost of manufacturing can be divided into variable and fixed costs. Variable costs
are the costs directly incurred from running each product such as cell growth media, buffers,
filters, resins, and disposable containers. These costs are zero when the facility is not running.
Fixed costs are incurred independent of the facility production rate such as depreciation, labor,
and utilities. While utilities can fluctuate with production, a significant amount of utilities are
independent of the actual facility utilization. The depreciation cost should be evaluated closely
because it relates directly to the capital cost, which is a significant factor in the decision to
execute a new project.

2.1.2 Manufacturing with Single-Use Technologies
Single-use technologies are being studied and used within the biopharmaceutical industry
because of the ability to reduce cost, lower the time to change-over products, and improve the
flexibility of the process. Several facilities have already been built that incorporate these
21

benefits for the production of mAb manufacture. The Pierre Fabre Pharmaceutical Lab built a
facility near Lyon, France that was completed in 2012 to produce monoclonal antibodies [5].
Biogen Idec built what it called a Flexible Volume Manufacturing (FVM) facility for $18M in
North Carolina, USA [6]. These facilities, among others, illustrate the proof of concept and
show that in certain scenarios the use of single-use technologies for clinical manufacturing can
be beneficial. Other companies such as Shire and Amgen have built commercial facilities, and
vendors are beginning to offer a wide range of single-use products from individual unit
operations to entire facilities [7], [8]. These examples show a clear trend throughout the industry
of exploring single-use technology to take advantage of low capital cost and flexibility.
In recent decades, many companies involved with biologics production have turned to
disposable, single-use technology. The benefits include a lower capital expenditure, decreased
changeover time between products, and reduced chance of contamination. The trade-off for
these gains is that the operational costs are higher and use of new materials presents new
challenges with the interactions between components in the plastics and the biologic processes
[9].

Pfizer, Inc. is a global biopharmaceutical company that employs nearly 78,000 employees
[10]. The company mission is "to be the premier innovative biopharmaceutical company". This
commitment is shown through a large yearly investment in R&D of over $6.6B. Revenues in
2013 were $51.6B, which represents a 6% decline over 2012 revenues [10]. This decline in
revenue is primarily due a drop in sales caused by a $1.7B brand erosion for the Lyrica product
and $1.3B decline from products that have come off patent [11]. Increased revenue from new
products has not made up for the decline in other revenues.
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2.2.1 Pfizer Manufacturing
Pfizer has increasingly been focused on biologics over the past decade. Of the projects in
clinical trials, 14 of 35 Phase I projects (40%), 7 of 23 (30%) Phase II projects, and 3 of 20
(15%) Phase III projects are biologics [12]. The higher percentage of projects entering clinical
trials represents the overall business trend toward focusing on biologic products. This is
especially true in areas of cancer and rare diseases where biologics represent over 60% of the
Phase I products [12].
The current network for clinical manufacturing within Pfizer is a combination of in-house
and outsourced resources. Figure 4 shows the Pfizer manufacturing options for early stage DS
clinical manufacturing in 2014. The primary option is the JJ clinical facility in St. Louis, MO
because it is both the most capable and lowest cost facility in the network. Additional capacity is
obtained by either utilizing open capacity in a Pfizer commercial facility (e.g., CD plant in
Andover, MA) or by outsourcing to a contract manufacturing organization (CMO). High volume
requirements would be a great reason to produce at the Andover CD facility because of the
ability to produce at larger volumes than the 2500L available at the St. Louis clinical facility.
The CMO is often the only option for products that would need to be manufactured outside of
the United States for products that need to be expedited when there is no capacity at JJ or CD.
This urgency, however, often comes at a high cost.
For this analysis, the relevant number of projects that could be produced at a new facility
is the number currently produced at a CMO. The total yearly number of projects in the clinical
manufacturing network is confidential; however Pfizer does currently utilize contract
manufacturers for two to three projects per year because of capacity limitations at other facilities.
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Tie orhe

overead ch facility are summarized in Figure 5. The cost per week per

line is a good measurement of overhead because it is easily translated into idle time when
considering plant utilization. Overhead costs consist of the labor, depreciation, utility, and any
other costs that must be paid whether the facility is running or not. For clinical JJ and
commercial CD facilities, the overhead cost of a week at a facility is paid by the business
whether it runs a project or not. Another important aspect of this analysis is that the Worldwide
R&D (WRD) organization must pay for all overhead at the clinical JJ facility independent of
usage. For the CD and CMO facilities the overhead cost is only paid by WRD during the time it

is utilized. A typical campaign at either an internal or external site will last about 8 weeks, so a
good estimate for the overhead cost of a campaign is to multiply the weekly cost by 8.
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The variable campaign costs are measured on a per batch basis, and are similar between
facilities. For both the clinical and commercial facilities this cost is $740K for two-2500L
batches. This includes the media, buffers, filters, resins and any other components that are used
only for that campaign. For an external vendor the charge to Pfizer is likely to be about $950K.
Considering the overhead and variable costs together, the cost of a typical campaign at
each location is summarized in Table 1. One important distinction between facilities is the scale.
While all options described in this section have the same scale, the commercial and CMO
facilities have the ability to produce product at much larger scales. The larger scales are rarely
necessary for clinical manufacturing so the 2500L scales scales are representative of what is used
today in clinical manufacturing. While scale can create a lower cost per weight of product, the
critical parameter is the total cost per campaign as long as the production meets the clinical
requirements.
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Table 1. Summary of current project costs for early stage clinical manufacturing
Campaign Scale
Overhead Cost ($000)
Variable Cost ($000)
Total Cost ($000)

2 x 2500L
$3,760
$740
$4,500

2 x 2500L
$1,933
$740
$2,673

2 x 2500L
$3,840
$950
$4,790

2.2.2 Single-use Technology at Pfizer
Pfizer is interested in single-use technology as it relates to biologics manufacturing
because of many of the low cost, increased quality, and increased flexibility benefits.
Disposables are used in many areas of the company, from process development to commercial
manufacturing, though the use is limited. Pfizer does not currently have a fully disposable
manufacturing line. The Andover site (project location) began as part of the Genetics Institute
before being acquired by Wyeth in 1996 [13], then by Pfizer in 2009 [14]. The Andover site
houses both commercial manufacturing, the division known as Pfizer Global Supply (PGS), and
various R&D activities, known as Worldwide Research and Development (WRD). This
combination of commercial, clinical manufacturing, and drug discovery activities makes the
Andover an ideal place to capture the broad uses of single-use technologies throughout the
company.
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3 Literature Review
The literature review seeks to gather data from other studies that have attempted to model
and determine costs for biopharmaceutical processes. The research focuses on sources related to
the biopharmaceutical industry that illustrate modeling of manufacturing and analyze application
of single-use technology. While all pharmaceutical process modeling may be applicable to some
degree, a focus is placed on the manufacturing of monoclonal antibodies.

3.1 Monoclonal Antibody Process Modeling
The manufacturing process for monoclonal antibodies has been modeled for plants that
utilize both stainless steel equipment and disposables [15]. Modeling allows many process and
facility decisions to be evaluated for a wide variety of conditions to decide when and how a plant
should be built. Some modeling techniques are discussed in this section, with advantages and
drawbacks being highlighted to help decide which practices to adopt for clinical mAb facility
modeling.
There are many software packages available to perform process modeling, including
SuperPro, Aspen Batch Process Developer, SimBiopharma, and Microsoft Excel [15], [16].
Each modeling tool has different capabilities and costs associated with use and the tool should be
used to fit the application. While a program that is designed to model biopharmaceutical
processes can have high detail, use within an organization may be prohibitive if ongoing
modeling is desired because of the cost of licenses and barriers to learning the software.
Process simulation is often studied because a static model of the process does not
completely describe risks and costs. Monte Carlo simulation has been utilized to simulate the
27

process and costs using different process titers, downstream yields, and batch failure risks [17].
Titer, which determines the amount of antibody produced, and downstream yield, which
determines how much of the antibody ends up in the final DS, are the critical factors in
determining how much product a batch produces. The natural variability of a biologics process
can create variability in the amount of material produced in each batch, and consequently in the
cost of material per batch. Additionally, the risk of batch failure can affect the cost of raw
materials and facility utilization [18].
One typical measurement of the output for a biopharmaceutical facility is the cost per unit
weight [15]-[17], [19]. This metric is cited for both commercial manufacturing and clinical
manufacturing. The cost per unit weight (usually $/g or $/kg) may be good for commercial
manufacturing because of the assumption that every gram of material produced corresponds to a
gram of material that is sold [20]. In clinical manufacturing, a limited amount of material is
required. Using the metric of dollars per gram, for example, would be an inefficient metric
because making more material than is required can result in greater absolute spending in an
effort to achieve economies of scale in reducing the cost per gram despite raising the total cost of
the campaign.

3.2 Single-use Technology for Biologics
The analysis of single-use equipment has typically been performed by comparing costs
between the conventional (stainless steel) option and the single-use (disposable) option [21].
The two main categories of cost presented in Novais et al. [21] are operational and capital costs.
These costs are then combined into a net-present value (NPV) analysis that allows a direct
comparison between the two options. The NPV analysis found that for an E. coil fermentation
model a disposable plant had a positive NPV, which represents a good investment, but that the
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conventional option had a higher return than the single-use option. Farid et al. (2005) [17]
compares cost between conventional and single-use systems by using the cost per gram with the
capital cost being amortized and included in the cost as depreciation. For clinical mAb
production with a titer of 0.4g/L and downstream yield of 56% in a 200L production bioreactor,
production in an all single-use manufacturing line had a 30% lower total cost per gram of
material compared to the conventional stainless steel systems [17]. Both the cost of goods and
NPV analyses provide the basis for the modeling and economic evaluations contained in this
paper.
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4 Methodology
4.1 Model Design
The model is intended to be a dynamic view of the mAb manufacturing process,
integrating both operational and technical design considerations. The technical analysis
evaluates the specifics of the product being manufactured such as titer and yield, and computes
the unit operation sizes required to process the amount of material needed. The operational
aspect then uses the process determined by the technical analysis to determine the amount of
overhead costs from depreciation, labor, and other sources. The model is intended to estimate
the yearly output of a facility, along with the all-in cost of a campaign including overhead,
consumables (e.g., bags, filters, resins), and raw materials (e.g., media, buffers). The inputs and
outputs of the model are detailed in Figure 6.

Model Inputs

unit

Model Outputs

operations

Pr6A Cycles

hProcess

Material Costs
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>

Technical
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rgareentCustomer
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Requirements

Requirements
Equipmbrit

Capital

Plant Specifics

Plant Locatior

OperatIonal
support and

Maintenance
CarryingCosts
Utilization
(Campaigns/Yr)

Figure 6. Summary of model inputs and outputs.
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Most inputs are entered on the "Summary" tab of the excel model. These inputs
were identified as high impact either through interviews with Pfizer associates, or through
experimentation with the model. Some inputs, such as titer and yield, can have a high product to
product variation so identifying the range of possible values will allow the model to be utilized
for a range of products. The model tabs are summarized in Appendix B: Model Tab Summary.
Each of the tabs related to some part of the model summary shown in Figure 6. The "flow" of
data throughout the spreadsheet model is shown in Figure 7. The inputs are on the left side, with
the model outputs being displayed on tabs toward the right. Some of the sheets are shown twice
because they contain both inputs and outputs.

OUTPUTS

INPUTS
IL Sample Schedule

Single Use Resources
Sources

CIVIO

Payback
CM
Batch Summary
(inputs)

MO
Payback
L

-A

Chromatography

Figure 7. Data flow between pages of the model

Several inputs were placed as variables in the model based on a combination of
uncertainly of value and high impact on the model. These identified variables are listed in Table
2. Product titer and yield have a reasonable degree of uncertainty and being able to vary the
values ensures that product fit into the facility can be checked. The bioreactor size, number of
lines, and number of campaigns per year can, together, have a large impact on the costs and will
depend on the current state of the mAb project portfolio.
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Table 2. Dynamic model inputs and ranges for high impact technical, operational parameters
Input

Range

Plant Location

Adjacentd

Clinical Requirements (kg)
Titer
Yield
Bioreactor N: Size
Additional Safety Batches

0.5 - 3.5 kg
2 - 6 g/L
55 -70%
500L, 1000L
1, 0
Single-Use
Stainless-Steel
Depth Filtration

Unit Ops: Harvest
Unit Ops: Chromatography

Mnl-Use

Protein A Cycle Count

1 - 8 cycles

Campaigns Per Year

2 - max
(product dependent)
12 - 19 (1-line)
15 - 25 (2-line)
25 - 42 (6-line)
1, 2, 6

Labor (FTE) Requirements
Number of Lines

Many of these variables, particularly the comparison of multi-use and single-use unit
operations are straightforward; however a few of the model input ranges are justified below.

*

Plant Location: While selection of the plant location is often considered as part of a
strategic decision based on risk, labor, or tax reasons, there are some operational costs
directly affected by this decision. In particular, many overhead costs can be reduced if
the plant is co-located at a location with another facility. Additionally, with low expected
utilization the staff can be more easily repurposed when the plant is not operating. These
cost reduction assumptions are difficult to estimate precisely, so conservative estimates
should assume a greenfield facility where no resources are shared.

*

Clinical Requirement: Data from internal Pfizer records indicate that most projects
require between 0.8kg and 2.5kg of DS protein to complete Phase I and begin Phase II.
This range was expanded and tested to ensure that all equipment would automatically
scale for values within this range.
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*

Bioreactor Size: Many current clinical campaigns are executed using 2500L stainless
steel reactors. However, increasing titers and yield have created overproduction at the
clinical scale. Based on clinical material requirements and currently available sizes for
single-use bioreactors (SUB), the sizes that will be considered are 1000L and 500L.
Using the selected yield and titer ranges, these bioreactors will produce between 0.5kg
and 4.2kg of DS protein per batch. While 2000L bioreactors are commercially available,
reactors that large will not be required. The primary reactor size considered for this
analysis is IOOOL. The 5OOL disposable reactor can be compared to evaluate whether cost
or risk reduction can be achieved.

*

Safety Batches: A current strategy to mitigate risk in the clinical manufacturing space is
to plan for one additional batch. This way if one fails during processing another is
already in progress. If two batches fail, or a batch fails and no safety batch is planned, a
decision must be made to either deliver less material than was requested or postpone
delivery and begin a new batch from cell vials.

*

Protein A Cycle Count: Protein A is a type of resin used in the first chromatography
step because of its excellent ability to separate antibody proteins from the mixture.
However, Protein A is the most expensive raw material in the process and can be reused
between multiple batches but cannot be used on multiple products. This is important
because in clinical manufacturing the resin cannot be amortized over dozens to hundreds
of batches as is common in the commercial space. A liter of resin can only separate
around 40g of protein, but can be cycled multiple times within a batch to allow less resin
to be used. The trade-off of more cycles is that these are operator intensive steps and
add to the total process cycle time.
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*

Number of lines: This feature gives an idea of how the line will scale. One or two lines
are the most reasonable choices for this type of facility, though the 6-line scale shows the
potential of the line to reduce costs to the lowest levels by utilizing certain unit operations
across multiple lines.
Other values that were not determined to be high impact were assumed at a constant

value through discussions with Pfizer employees. A summary of the crucial assumptions are
listed in Table 3. Several of the low impact parameters such as filter and resin capacity are listed
as static because they have low variability. Parameters like media and buffer costs are assumed
because they have little effect on the total cost of a campaign. In practice, labor and depreciation
costs can vary based on hiring practices and selected depreciation schedule and have a large
impact on the facility cost. These values were assumed constant to follow Pfizer standard
practices for costing labor and depreciation. All depreciation schedules utilize a straight line
calculation. Understanding the total cost of a biopharmaceutical plant is important in order to
decide whether the plant makes financial and strategic sense. Estimating the total capital cost of
a facility and overhead such as labor are important factors to examine.
Table 3. Assumptions made for low-impact or stable parameters
Value
Assumptions
All products fit standard operations, times
Media Cost
$12/L
Buffer Cost
$2/L
200 L/m 2
Depth Filter Capacity (except depth harvest)
Cycles per Chromatography Manifold
1
Protein A Capacity
40g/L
TMAE Capacity
1 00g/L
3
TMAE Cycles
UF Titer
150g/L
Final Fill Titer
105g/L
Labor costs comparable to CD and JJ
33 yr bldg,
12 yr equip

Depreciation Schedule
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4.2 Manufacturing Costs
The total cost of the facility is determined through capital expenditure, overhead, and
variable costs. Equation 1 shows how the total facility cost is calculated.
Equation 1. Total facility cost calculation

TC= FC + P * (VC)
TC = Total Cost per Year
FC = Fixed, or Overhead, Yearly Costs
P = Number of projects per Year
VC = Variable cost per project

Equation 2 shows how the campaign cost is calculated based on the fixed and batch costs.
The reason that the cost of the first batch is separate from subsequent batches (Bi for the first,

B2

for subsequent) is because some materials such as the chromatography resins and UF/DF filters
must be purchased for the campaign but can be used across all batches. While an alternative
calculation method may spread the resin and UF/DF filter across all batches, looking at the
variable cost this way allows the user to see the actual marginal cost of an additional batch.
Equation 2. Campaign cost calculation

FC

CC = -C+
P

[B 1 + (N - 1)(B 2 )]

CC = Total Campaign Cost
FC = Fixed, or Overhead, Facility costs
P = Number of Projects per Year
BI = Cost of the first batch (includes resins and UF/DF filter)
B2 = Cost of every subsequent batch
N = Average number of batches per campaign
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The total capital cost for conventional antibody manufacturing facilities has been
cataloged to be anywhere between $50M and $600M depending on facility size and capability
[22]. One method for estimating a total installed facility cost suggested by Lang et al. [23] is to
use a multiple of the equipment cost, known as the Lang Factor. Lang factors used in literature
for the biopharmaceutical industry have ranged from 3.3 to 8.1 [22]. The lower infrastructure
required for single-use facilities has led to use of different Lang factors for conventional and
single-use. Novais et al. uses a Lang factor of 4.73 for a disposable (single-use) facility and 8.13
for a conventional facility [21]. It is important to note that the Lang factor of 4.73 was derived
off a method to convert conventional equipment costs into a disposable facility cost, which may
not be the most accurate method when disposable equipment costs are available. More intricate
methods of separating direct cost, indirect cost, or contingency costs are sometimes used,
however these methods still rely on the basic premise that the total capital cost is a multiple of
the equipment cost [21], [24]. There is a wide range of Lang factors documented for different
cases and listed in Table 4. The Lang factor used in any model must be carefully selected,
justified, and checked against similar projects if available.
Table 4. Summary Lang factors in literature
Type
Generic Bioprocess
Generic biopharmaceutical facility
E. Coli process,
conventional equipment
E. Coli process,
single-use equipment
Biopharmaceutical facility using
conventional equipment
Biopharmaceutical facility using
single-use equipment

Lang factor
4.66
3.3 - 8.1
8.13

Source
[24]
[22]
[21]

4.73

[21]

7

[17]

4

[17]

Labor costs can be 15 - 20% of the total manufacturing cost of a biologic drug [17], [21].
The labor costs become even more important in situations where the facility does not operate at
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full capacity as labor cannot be turned on and off depending on the schedule. The two main
components of labor cost are the total headcount required to operate a facility and the cost of
each headcount. Labor can be estimated based on the labor requirements of each unit operation
[25] but often estimates derived from current staffing at similar facilities can be sufficient. One
estimate of the staffing for a fully-utilized commercial facility that uses single-use technology is
102 full-time-equivalent (FTE) employees, including 37 FTEs for quality associates and 29 FTEs
for manufacturing. A smaller clinical manufacturing facility could be staffed with as few as 5
manufacturing operators [5], [26]. Case studies of Canadian Bio-manufacturing plants have
documented between 7 and 14 total FTEs for facilities that are on the order of 10,000 ft2 in size
and are cGMP compliant in operation.
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5 Model Results
5.1 Base Case Results
The base case was created to conservatively demonstrate the model with a snapshot of the
facility under likely conditions. This initial case can act as a starting place to determine where
improvements can be valuable. The parameters for this case are summarized in Table 5.
Table 5. Base case model conditions

Input

Value

Titer
Yield
Bioreactor N: Size
Number of Lines
Additional Safety Batches
Unit Ops: Harvest
Unit Ops: Chromatography
Protein A Cycle Count
Clinical Requirements
Plant Location
Campaigns Per Year
Labor (FTE) Requirements

3 g/L
65%
I OOOL

Single-Use
Single-Use
4 cycles
3 kg
Greenfield
3
14 (7 operators)

The conditions were chosen to create a similar output to current processes. Some values
were chosen to be conservative to ensure that the initial case was not overly optimistic. For
example, the current practice is to produce an additional safety batch as a risk management
strategy to ensure that each campaign produces at least the requested amount of material. One
reason for this method is that current facilities are scheduled to near full utilization, with no open
weeks to add additional batches. Planning for an additional batch for every campaign is a way to
ensure predictability at a relatively low cost. With current batch failure rates of less than 10%
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[27], [28] this strategy is effective to reduce unscheduled batches while consistently producing
enough material but may not be the most cost effective.
For the protein A chromatography, the 4-cycle strategy represents a conservative estimate
of what can be accomplished by the 7-operator, one-shift team that staffs the plant. This was
selected based on interviews with process experts at Pfizer. Up to eight cycles are considered
common in this type of manufacturing space, although this many cycles can stress the operator
load.
The capital cost of the process equipment for the base case is $3.36M. This is the cost for
the process equipment to run the line. The data were gathered from a combination of sources,
including internal budgets, internal capital equipment inventories, vendor quotes, and industry
articles with equipment lists. The list of capital equipment in the model is dynamic depending
on the selection of various factors like number of lines and type of harvest system. The highvalue equipment, representing over 5% of the total equipment cost, is listed in Table 6.
Additionally, $300K is estimated for small capital items like desks, storage racks, etc. A
complete list of capital equipment can be found in Appendix C: Base Case Capital Equipment
List.
Table 6. Capital equipment of base case that are over 5% of total
Equipment
Disposable Centriftige
UF/DF Skid
1000L Reactor
200L Reactor
Freezer (Storage)
Chromatography Cart

Total
1
1
1
1
2
1

Total
$
$
$
$
$
$

Cost ($)
550,000
450,000
305,000
200,000
200,000
195,300

Percent
of Total
16%
13%
9%
6%
6%
6%

The total capital cost of the facility was calculated to be $18.2M using the Lang factor
method discussed in the literature review. The Lang factor used in the calculation was 4.91, with
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an additional 15% added for contingency costs. The selected factor was chosen based on
literature values of a single-use biologics facility, with adjustments for the fact that this analysis
uses direct single-use equipment costs. The capital costs can be divided into equipment capital
and building capital costing $9.9M and $8.3M, respectively. Equipment capital costs include
equipment, instrumentation, installation, commissioning, and validation. Building design and
construction are considered in the building capital. The purpose of this designation is that the
building has a much longer useful life and can be depreciated over 33 years whereas the
equipment capital should be depreciated over a shorter 12 year useful life per Pfizer internal
accounting standards.
The $18M capital cost was confirmed using several different methods of calculation. The
plant cost was also estimated using data from internal Pfizer sources and industry literature [29]
to determine the facility cost based on square footage estimates. Using an estimate of $600/ft 2
and a 25,000ft 2 facility, a $15M facility cost is estimated. Adding in equipment, installation,
and process validation the total facility would be $20.5M. Further additional estimates of the
facility cost and a comparison to a recently built facility by Biogen Idec ranged from $18M to
$21M [6], [24], indicating that the cost estimates are reasonable. This is an acceptable estimate
as a change in total capital cost by $1M has approximately $50K per year impact on the
overhead, which results in a minimal impact - less than 1% - on the campaign cost estimate.
The consumable and raw material requirements can be determined and priced based on
the process model. Each process component will dictate how many of the required components
should be purchased. For example, the harvest process with a disposable centrifuge will require
depth filtration using Millipore XOHC pod filters. Using a IOOOL reactor, there will be at most
IOOOL to harvest and a filter capacity of 200L/m 2 . This means that there are five 1m 2 filters
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required filters for this process. These types of calculations are completed for each of the unit
operations, and summarized in the appropriate tabs for consumables and raw materials. A full
list of consumables is included in Appendix D: Consumables List for Base-Case Scenario. A
summary of all batch costs is show below in Table 7.
Table 7. Campaign costs for the base case process
Batch Costs
Capital/Depreciation
Labor
Other
Consumables (Batch 1)
Consumables (Batch 2+)
Raw Materials
Total Batch 1 Cost
Subsequent Batch Cost

Per Batch
112,038
230,646
180,759
541,678
150,209
35,970
1,101,091
709,623

$
$
$
$
$
$
$
$

Campaign
$
336,114
691,938
$
542,278
$
541,678
$
300,418
$
107,910
$

$ 1,570,331

Overhead Cost/Campaign

$

Variable Cost/Campaign

950,006

$ 2,520,337

Total Campaign Cost

5.2 Optimized Model
Many of the model inputs listed in Table 2 can be varied to optimize the plant setup and
operation with the goal of reducing the total operating cost of the facility. Some of the inputs are
facility decisions that are made when the plant is constructed, such as the reactor size or what
type of harvest and chromatography system to use. Other operational inputs, such as the
Protein A cycles or number of safety batches, can be easily varied once the facility is completed.
The final group of inputs is different on a product-by-product basis. The product titer, yield, and
amount of DS required are all product inputs that, when varied, give a view of the operational
costs with a constant facility setup and operational technique.
Varying these parameters, a few trends emerge. The first trend is that while a greater
number of cycles of the Protein A chromatography step can have a large impact, the limited
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number of column sizes dictates the optimum cycles. For the base case of a product with a titer
of 3 g/L and 65% downstream yield, the lowest operational costs are achieved with 3 cycles of
the 20L column or 7 cycles using the lOL column. If more cycles are run using the same size
column, the cost actually increases because more chromatography manifolds must be used. The
cost savings is achieved once the smaller column is used and the resin volume decreases. This is
illustrated in Figure 8. It is important to note that each column size has a local minimum in the
model, which prevents the use of a typical Excel solver to determine the best number of Protein
A cycles to minimize cost. An alternative method for this would be to use column size as the
key variable and have time as an optimization constraint, which would allow the optimum
column size and number of cycles to be selected by a steepest descent optimization.
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Figure 8. Batch Cost change with Protein A cycles

By varying several inputs, a more optimal plant scenario can be established. This can be
performed repetitively, evaluating each parameter and observing the campaign cost. The
changes made to further optimize the conditions are:
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"

Protein A cycles changed from 4 cycles to 7 cycles. A savings of almost $1 00K per
campaign was achieved by replacing the 20L single-use column with the 1 OL singleuse column for Protein A.

" Perform no safety batches. Risk is mitigated by utilizing open capacity after each
batch to run another, should one of the batches fail. Assuming a 10% chance that one
batch fails in a campaign, on average 0.9 less batches will be produced each
campaign and the total campaign cost will be reduced by $190K. A safety batch does
not make financial sense at a 10% failure rate, however this does not account for the
cost of potential delays in product due to restarted batches.
" Move plant adjacent to a current facility. The move generates approximately
$70K per campaign, primarily by reducing headcount from 14 to 12. Placing a plant
adjacent to a current facility creates additional benefits of having an area to move
staff during idle time and gaining support quickly if project demand increases rapidly.
In future work, the benefit of an adjacent facility can be increased by evaluating
benefits from having utilities and media-buffer prep that can be done at the adjacent
site and moved over. This would further reduce headcount, utility, and capital cost.
These changes together save nearly $350K per campaign and show an all-in campaign
cost of $2.2M. These optimized data are shown in Table 8.
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Table 8. Campaign costs for optimized facility

Batch Costs
Capital/Depreciation
Labor
Other
Consumables (Batch 1)

Per Batch
152,779
$
$
280,459
$
236,394
$
406,478

Campaign
$ 336,114
$ 617,011
$ 520,067
$ 406,478

Consumables (Batch 2+)

$

174,809

$

Raw Materials

$

37,248

$

Total Batch I Cost
Subsequent Batch Cost

$
$

1,113,359
881,690

209,771

81,947

$ 1,473,192
698,195
$
$ 2,171,387

Overhead Cost/Campaign
Variable Cost/Campaign
Total Campaign Cost

5.3 Monte Carlo Analysis
A static model output can be valuable, but it is critical to understand how uncertainty can
play a role in the output. Specifically, what is the range of campaign costs that could be
incurred while manufacturing different products? This can be done by simulating different
products that would be manufactured on a line like this.
The first step is to determine the different model inputs that will vary. For average batch
titer a triangular distribution is chosen with a peak of 3g/l that is skewed to the high end. This is
because titers have been increasing and are likely to continue to increase over time, especially for
well-understood mAbs. The downstream yield is a triangular distribution with a yield of 55%,
65%, and 75% for the low, most likely, and high distributions, respectively. The labor and
material costs are uncertain over time, so a multiplier was added that has a normal distribution
with a mean of 1 and standard deviation of 5%. The failed batch probability is set at 7% per
batch, but must be expanded to simulate number of additional batches for each campaign.
Levine et al. suggests that a batch failure rate for single-use equipment is 6.7% [27] while Langer
estimates biopharmaceutical total failure rates at 7.6% [28]. It is assumed that failed batch
probability does not change significantly between conventional and single-use equipment. A 7%
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value was used to account for lower failure risk in single-use technology. These values are
summarized in Table 9.
Table 9. Parameters used for Monte-Carlo simulation

Parameter

Distribution

Parameters
Low: 2 g/l

Average Batch Titer (g/L)

Triangular

Most Likely: 3g/L

High: 6 g/l
Low: 55%
Nominal Downstream Yield (%)

Triangular

Most Likely: 65%

Product Required (kg/campaign)

Uniform

0.8kg - 2.5kg

Failed Batch Probability

Static

7 % Per Batch

Labor Cost Multiplier

Normal

=1
cy=0.O5

Material Cost Multiplier

Normal

[.05

High: 75%

Simulating the additional batches per campaign requires each batch to be simulated for
the failure rate. In other words, the odds of failing a single batch are much higher when running
three batches than running one batch. Probability theory can be utilized to determine the
probability of batch failure based on the number of batches required. Equation 3 shows an
example of this calculation for the probability of failing exactly one batch out of three. This can
be repeated for production of one to four batches. For this simulation the batches probability of
each batch failure is considered independent. While there are cases where a systemic
contamination increases the probability of subsequent batch failure, for single-use systems this is
considered a negligible occurrence. For this analysis the probability of each batch failure is
considered independent.
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Equation 3. Example of single batch failure with three batches

P(failing 1 batch of 3) = P(Batch 1 Fail

f

Batch 2 Pass

+P(Batch 2 Fail n Batch 1 Pass
+ P(Batch 3 Fail
P(failing 1 batch of 3)

=

F

F Batch 3 Pass)
F Batch 3 Pass)

Batch 1 Pass n Batch 2 Pass)

(0.07)(0.93)(0.93)

+ (0.07)(0.93)(0.93)

+(0.07)(0.93)(0.93) = 0.1816
Table 10. Probability of batch failure for selected campaign sizes
Batches required
per Campaign
1

Failing 0
Batches
93.00%

Failing 1
Batch
7.00%

Failing 2
Batches
n/a

Failing 3
Batches
n/a

Failing >3
Batches

2

86.49%

13.02%

0.49%

n/a

n/a

3

80.44%

18.16%

1.37%

0.03%

n/a

4

74.81%

22.52%

2.54%

0.13%

0.00%

n/a

The identified parameters were used to simulate 10,000 iterations of campaigns. The
distribution of campaign costs are shown in Figure 9. The resulting distribution is bimodal with
a tail on to the right. This bimodal behavior and tail are likely driven by the batch failures that
can drive up the cost dramatically because the variable batch cost of $200K is added for a failed
batch. Low-titer product with high demand could also require more batches, which drives up
costs. The time to run batches is not considered here because the facility utilization is low and
the cost of time to run an additional batch is not considered.
The mean of this distribution is $2.189M which is only slightly higher than the predicted
value of $2.171M from the simple model. The high tail for the distribution means that the
facility should factor in that with a project budget of about $2.19M, most projects will come in
under budget but a few will be over budget due to high product demand and batch failures.
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Figure 9. Monte Carlo analysis of campaign costs under optimized conditions

5.4 Results Summary
The model shows that a base case facility has a campaign cost more than $2M per
campaign lower than the CMO cost. Further, over $300K per campaign can be saved by
optimizing the base case by better utilizing the expensive chromatography resin, integrating the
facility with a current facility, and revising the risk management technique to produce an
additional batch for every production run. Table 11 shows these results for both the current
facilities and the proposed facilities.
Table 11. Summary of project costs for current and modeled facilities

COOMm

* ciA V 5W, -as Aas pmzd

MoneCr

Faclity

Cinicad
Current

Current

Current

Model

Model

Model

Campaign Scale
Overhead Cost

2 x 2500L
$1,933

2 x 2500L
$3,760

2 x 2500L

1 x 1000L

1 x 1000L

1 x 1000L

$3,840

$1,570

$1,473

$1,522

($000)

Variable Cost

_______

$740

$740

$950

$950

$698

$667

$2,673

$4,500

$4,790

$2,520

$2,171

$2,189

($000)

Total Cost ($000)
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6 Model Analysis
6.1 Net Present Value
The Net Present Value (NPV) of an investment is a method of calculating cost in today's
dollars to determine whether a project makes financial sense. In the calculation of the NPV, the
money spent in each year is considered less valuable than the year before because it could have
been invested elsewhere. This discount of the cash flow is often called the cost of capital. The
NPV calculation is illustrated in Equation 4 for a simple case where all investment occurs at time
t=O and payback of investment begins in year 1. While the NPV calculation is most generically
applied to cases where cash outflows can be balanced with inflows, the concept can be applied to
situations where NPV is always negative (such as cost centers in manufacturing) when
comparing two options. In the case of cost centers, the project with the least cost would make
the most financial sense.
Equation 4. Net Present Value calculation
N

CFz

NPV = -FCIO +

.+r)i

NPV = Net Present Value
FCIo = Fixed capital investment in year 0
CFi

=

Cash flow in year i

r = Cost of Capital

The cost of capital, sometimes referred to as the discount rate, can determine whether a
project makes financial sense. The cost of capital is the percentage return that invested money is
expected to make in a particular sector or industry. This number can fluctuate significantly
depending on the perceived risk and return of the investment. Some models often list this
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number as high as 20%, indicating a high level of risk for the project [21]. A group at the Tufts
Center for the Study of Drug Development estimated in 2002 that the real discount rate was
11.02% for drug development costs [30]. Revised estimates, building off the work from the
Tufts group, estimated that this discount rate should be 14.36% [31]. While there are many
different values that are used in literature, this paper will proceed with 14.36% for all calculation
of NPV.
At the current assumption of three projects per year, the optimized plant is compared with
the alternative of executing those projects at a CMO. Figure 10 illustrates the cumulative
discounted cost of the optimized facility and contract manufacturer and the difference between
options over the expected 12-year life of the equipment. While the cost of the CMO and new
facility do not change over time, the cumulative cost trends have a curve to account for the time
value of money when discounting all spending into 2015 dollars. The payback time, where the
difference line (green circle) becomes positive, is 3.6 years for the optimized facility cost and 4.4
years for the base case facility. The expectation for capital improvement projects within Pfizer is
a payback of less than three years, so this project would not qualify on financial merit alone.
This project is still likely to produce a positive return because the NPV of the project over the
expected 12-year life is $23M for the optimized facility.
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Figure 10. NPV of Project when offsetting CMO campaigns with new mAb facility

6.2 Execution Criteria
This model shows that executing the project would provide a financial benefit, but that
two to three projects per year would not satisfy the common Pfizer capital requirement of a three
year payback. In the interim, there is a large opportunity for cost savings if open capacity at CD
can be utilized. As the number of projects in the development pipeline increases and requires
external manufacturing of four or more projects per year, this facility becomes an extremely
attractive option.
Further operational improvement is not likely to decrease this payback to three years,
however the addition of more projects would decrease the payback dramatically. Adding one
more project per year (4 project per year) reduces the payback by almost two years to a 2.7 year
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payback. At this point the project would make great financial sense. Table 12 shows the payback
period over different levels of plant loading.
Table 12. Payback period decreases dramatically with number of projects

Campaigns
per year
2
3
4

Payback
Period (yrs)
7.1
3.6
2.7

5

2.2

6

2.1

Another way to look at this is to use exclude the discount rate and consider a simple
payback. The campaign cost without depreciation is $1.8M at the new facility compared to the
$4.5M campaign cost at a CMO for a savings of $2.6M per campaign. Using this method only 7
campaigns are needed before this project saves more than the $19M capital cost of the facility.
As a strategic investment, this project can add flexibility to a constrained clinical DS
manufacturing network. This facility would also allow WRD to gain experience in technologies
that represent the future of biopharmaceutical manufacturing. Single-use technologies are being
widely used in industry within non-cGMP and cGMP manufacturing, so implementing in a early
stage cGMP environment will allow for a smooth transition to this same type of commercial
facility. Additionally, a new facility would afford flexibility to the entire network because the
overhead cost will be set and marginal costs of both facilities will be similar. In other words, the
total WRD cost will not change based on how the projects are divided between the two facilities.
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6.3 Other Considerations
6.3.1 Utilize Spare Capacity Internally
Another option to evaluate in the short term is to execute projects using open capacity at
the commercial CD facility. In the case where a project is executed at a CMO and CD is idle, the
total cost to Pfizer is the overhead at CD and the total campaign cost at the CMO. Using Table
1, the total cost to Pfizer for both facilities is $8.5M. Executing the project at CD is would cost
Pfizer only $4.5M. This savings does not consider that CD is not strictly a clinical
manufacturing facility and there is risk of not having access to the capacity if a reload is
required. The other consideration is that CD is a commercial facility and the R&D organization,
WRD, sees very little cost savings by using CD. A change to the financial accounting of these
projects could produce an option where both PGS and WRD can capture a portion of this $3.8M
savings. One potential solution is illustrated as Scenario 3 in Table 13. Scenario 2 seems
attractive but does not offer WRD any benefit and has more risk of capacity unavailability
compared to using a CMO.
Table 13. Accounting of production costs
Scenario
1. Current CMO Run, CD Idle
2. Current CD Run, CMO Idle
3. Proposed CD Run, CMO Idle

PGS
Cost ($000)
$3,760
$0
$ 2,250

WRD
Cost ($000)
$4,790
$4,500
$ 2,250

Total Pfizer
Cost ($000)
$ 8,550
$ 4,500
$ 4,500

6.3.2 Fluctuations in cost of CMO
This analysis assumes that the cost of a CMO will remain constant over the next 12 years.
Many of the CMOs also have the option of using single-use technology and it is possible that as
a CMO adopts these new technologies they would charge lower prices. This would decrease the
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value of the internal project greatly, so another option is to wait for CMO partners to integrate
single-use technologies into their assets. Right now many of the contract manufacturers are still
using large, stainless equipment that has a high capital and equipment costs. As more companies
and contract manufacturers utilize single-use technologies for early stage clinical manufacturing,
manufacturing costs should adjust lower accordingly. This option, however, assumes an
efficient market and adds risk to the costs of future campaigns based on the market value of open
capacity.

6.3.3 Supply Chain Challenges
One issue that is not discussed in this thesis but is critical to the success of a facility like
this is the supply chain. This model assumes that all products such as bags, filters, and media are
available when needed. This means that there are no inventory holding costs. In practice,
managing the inventory of materials is critical in insuring that all materials are available because
lead times can be several months for sterilized components and expiration can be a concern. A
future analysis building on this work could incorporate material lead times, inventory holding
costs, and material expiration to develop an inventory plan for these scenarios.
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7 Conclusion
This facility makes sense from a financial and strategic perspective. The conservative,
base case of the facility can provide capacity at an all-in cost of less than $2.6M per campaign
with less than $5M of overhead per year. The optimized facility would have a cost of less than
$2.2M per campaign and pay back in less than four years, with a total NPV of $23M over the 12
year life of the project. Based on the Pfizer commitment to internal R&D, the low marginal cost
of campaigns at this facility creates a strategic asset that can reduce the cost of adding new
projects to the clinical portfolio.
As the number of projects increase this facility becomes much more attractive. At a
loading of four campaigns per year this facility would have a payback period of 2.8 years with a
total NPV of $40M. Business factors such as pipeline prospects and availability of capital may
prevent execution of the project in the near term, but investment in single-use equipment is
advisable to gain experience in technologies that are likely to play a large part in
biopharmaceutical manufacturing in the future.
Monte Carlo analysis confirms the prediction of the static analysis with a mean cost of
$2.18M per campaign. The simulation data show that the batch cost distribution is not likely to
be normal due to the discrete nature of batch production, with each batch having a marginal cost
of $200K. The long tail of the distribution may indicate that low titer, low yield products with a
high material requirement that are not suitable for production on this type of facility. Despite the
large range of production conditions simulated, the far majority of conditions predicted by the
simulation are within 10% of the estimated value.
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The potential usefulness of this type of facility is high. If optimized, the costs for three
campaigns per year reduces to $2.1M per campaign. The variable cost of going from three to
four campaigns is less than $1.2M, which is significantly lower than the $4.5M that an additional
campaign costs from a CMO. This can incentivize more projects and create more value for the
organization if the number of R&D projects is expanded. This facility can be a great asset to
Pfizer for early stage clinical manufacturing because of the large amount of added flexibility and
cost reduction for a limited capital investment.
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Appendix A: Description of Clinical Trials

The FDA Code of Federal Regulation, Title 21 [32] gives a summary of the clinical trial phases.
The phases of clinical trials are summarized below.

Phase 1:

A new drug is tested on a limited number of healthy volunteers (usually 20-80). The
goal for this phase is to confirm safety within potential dosing ranges, and identify
potential side effects. Typically data from this study will be used to evaluate how the
drug is metabolized by the body and design the Phase II trial.

Phase 2:

The drug is tested on a larger number of patients, usually no more than a few
hundred. The purpose is to continue to study the safety, but also to analyze the
efficacy in treating the intended target. Short-term side effects are continually
evaluated.

Phase 3:

The drug is tested on a large groun of ntients in q much

controlled manner to

study the overall safety and efficacy when used in a manner that resembles
commercial use. The patient size for this phase can range from several hundred to
several thousand.
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Appendix B: Model Tab Summary
Descri tion

Category: Tabs
Instructions

Gives an overview of the workbook and how to use data for anaIysis

Summary

Summarizes the plant cost data, either on a per-year or per-campaign basis.
as the
Computes the total capital cost for both the equipment and facility, as well
depreciation
Computes the overhead costs (labor, repairs, misc) for the plant.

Capital
Overhead

Tab Color: Blue

Technical Analysis
Batch Summary
PFD
Culture
Harvest

Chrom
VRF, UFDF

Capital BOM
Consumable BOM
RM BOM
Cost Data

Mass balance of the entire process, including volumes and titers
Process steps laid out as process flow diagram.
Overview of the culture process that describes how much media is required and captures
growth rate
Compares the different methods of harvest between stainless and disposable centrifuges and
depth filtration only. Allows selection of type of disposable centriftige and maximum
challenge for depth filter.
Overview of the chromatography processes (MabSelect and TMAE). Covers processing
times and selects the appropriate column for the operation
Calculates the size of operation required for viral filtration and Ultrafiltration/ Diafiltration
(UF/DF) steps
Lists all capital required for the plant based on selections from Summary and Technical
Analysis tabs
Lists all consumables, including resin that is required. Cost is divided between first batch
and subsequent batch as resins and UF/DF filters can be re-used.
Lists all media, buffers, WFI and other raw materials that are required.
are
Aggregates all cost data (capital, consumable, RM) with notation on where costs
received from.

TOb Coor: Red

Analyses
CMO Payback

Financial NPV analysis to estimate the payback when reducing costs of using an external

Misc Analyses

A tab that outlines different ways to look at the data including a breakdown of campaign
costs, overhead costs, and the difference between an anjacent and greenfield plant

Sample Schedule
Documentation
Sources
Single-use Resources

CMO

An example of work activities included when a plant is run at full capacity.
Tab Color: Yellow
can be found in the whitepaper, though source
bibliography
Shorthand list of sources. Full
numbers may be different
List received from APF that outlines common vendors on single-use equipment that is
available today.
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Appendix C: Base Case Capital Equipment List

Cell Bank Freezer
Sterile Hood
Shakers and Incubators
Wave Rocker
200L Reactor
Media Vessel
Supplement Vessels
1000L Reactor
Media Vessel
Supplement Vessels
Disposable Centrifuge
Depth Filter Cart
ProA Chromatography Cart
ProA Chromatography Columns
ProA Chrom Buffer Vessels
Mixing Vessel Skid
Depth Filter Cart
TMAE Pool Mixing Vessel
TMAE Chrom Buffer Vessels
TMAE Pool/pH Mix
Viral Filter Skid
Viral Filter Pool
UF/DF Skid
Excipient Spike Pool
Final Fill Equipment
Freezer (Storage)
Misc Capital Equipment
Misc Tubing Welders
Autoclave
Nova-Flex

20L
200L
200L
50L

1000L
1000L
IOOL

0.5-4
L/min
Set
500
500
500L
IOOL
500L
500L
50L

Other
Other
Other
Reactor
Reactor
Vessel
Vessel
Reactor
Vessel
Vessel
Other
Filter

Seed Lab
Seed Lab
Seed Lab
Seed Lab
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Downstream
Downstream

Chromatography
Chromatography
Vessel
Vessel
Filter
Vessel
Vessel
Vessel
Filter
Vessel
Filter
Vessel
Other
Other
Other
Other
Other
Analytical

Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Misc
Misc
Misc
Misc
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2
1

1
2

1
1
3
1

1
4

1
1
1
0
7

1
1

1
5
1
1
1
1
1

1
2
n/a
5
1
1

$
15,000
$
10,000
$
8,000
$
30,000
$ 200,000
$
20,000
$
15,000
$ 305,000
$
35,000
$
15,000
$ 550,000
$
28,000

$
$
$
$
$
$
$
$
$
$
$
$

30,000
10,000
8,000
60,000
200,000
20,000
45,000
305,000
35,000
60,000
550,000
28,000

1%
0%
0%
2%
6%
1%
1%
9%
1%
2%
16%
1%

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$ 195,300
$
$ 105,000
$ 20,000
$ 28,000
$ 20,000
$
75,000
$ 20,000
$
85,000
$ 20,000
$ 450,000
$ 45,000
$
28,000
$ 200,000
$ 300,000
$
60,000
$ 300,000
$
59,400
$ 3,361,700

6%
0%
3%
1%
1%
1%
2%
1%
3%
1%
13%
1%
1%
6%
9%
2%
9%
2%
100%

195,300
163,000
15,000
20,000
28,000
20,000
15,000
20,000
85,000
20,000
450,000
45,000
28,000
100,000
-

12,000
300,000
59,400
TOTAL

Appendix D: Consumables List for Base-Case Scenario
1Onent
Lab,
Seed

O1 1
___

2QGLAPautor

100L

1
30
70
25
550

$
$
$
$
$

1
90
210
75
1,650

$
$
$
$
$
$

4,000
280
1,500
902
900
600

0.0%
0.0%
0.0%
0.0%
0.3%
______

1
1
1
3
3
2

$
$
$
$
$
$

4,000
280
1,500
301
300
300

1
1
1
4
4
2

$
$
$
$
$
$

8,000
631
1,500
280
300
300

S
$
$
$
$
$
$
$
$
$
$

Reaitor_________

Mixing Bag
TMAE Skid Manifold
TMAE Buffer Bags
Sterilizing filter
TMAE HiCap Resin'
Mixing Bag
VRF,UVF/DF_
VRF Manifold
Sterilizing filter
Viral Filter
Mixing Bag
UF/DF Manifold
UF/DF Filter
Sterilizing filter
DF Buffer Bag

ocs~tofThuIA

(C~t

__________

___

R200 Reactor Bag
R200 Media Bag
R200 Media Filter
R200 Supplement Bags
R200 Supplement Filters
R200 Vent Filter
R1000 Reactor Bag
R1000 Media Bag
R1000 Media Filter
RI000 Supplement Bags
R1000 Supplement Filters
R1000 Vent Filter
lIarest
CpntUldfgp
Depth Filter
Centrifuge Manifold
Sterilizing filter
Mixing Bag
HEPES Bag
PrQtein A, Viral Im vtion
Protein A Skid Manifold
Protein A Buffer Bags
Sterilizing filters
Protein A Resin
Post Protein A Mixing Bag
Depth Filter

T :otal

____________

$
$
$
$
$

2
3
3
3
3

Freezer Vial
250mL Shake Flask
IL Shake Flask
3L Shake Flask
2OL Wave

Unit COSt
_____

____

$
$
$
$
$

781
8,000
300
1,292
301

4
6
6
20.00
2

$
$
$
$
$
$

8,200
500
300
15,980
790
473

1
2
5
4
10.00
1

$
$
$
$
$
$

500
8,200
500
300
6,220
790

1
2
1
1

$
$
$
$
$
$
$
$

8,200
300
16,040
790
8,200
9,669
300
280

1.5%
0.1%
0.3%
0.2%
0.2%
0.1%

8,000
631
1,500
1,120
1,200
600

____

5
1
3
1
1

_____

__

_____

__

0.7%
0.1%
0.3%
0.2%
0.2%
0.1%

____

3,905
8,000
900
1,292
301

0.7%
1.5%
0.2%
0.2%
0.1%

$ 32,800
3,000
$
1,800
$
$ 319,600
790
$
946
$

6.1%
0.6%
0.3%
59.7%
0.1%
0.2%

$
$
$
$
$
$

500
16,400
2,500
1,200
62,200
790

0.1%
3.1%
0.5%
0.2%
11.6%
0.1%

$
$
$
$
$
$
$
$

8,200
600
16,040
790
8,200
9,669
600
280

1.5%
0.1%
3.0%
0.1%
1.5%
1.8%
0.1%
0.1%

__

1

1
1
2
1
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FiilFill
Pool Mixing Bag
Excipient Spike Bag
Final Fill Skid Manifold
Freeze Bags

1
1
1
3

$
$
$
$

600
281
8,200
443

$
$
$
$

600
281
8,200
1,329

$ 534,971
$ 143,502

Consumables (Batch 1)
Consumable (Batches 2+)
Item is re-used and only spent for the first batch.
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0.1%
0.1%
1.5%
0.2%
100.0%
26.8%
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