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Resumo 

 

A Biotecnologia é uma das mais promissoras indústrias, cerca de biliões são despendidos 

para a investigação e desenvolvimento, todos os anos, no âmbito da descoberta, produção 

e comercialização de produtos biofármacos, de forma a tratar inúmeras doenças. Entender 

como essas investigações, poderão originar dinheiro no futuro é difícil, mas ao mesmo 

tempo, é essencial compreender o verdadeiro valor de uma companhia biotecnológica. O 

intuito deste projeto é o de estimar o valor presente, da futura comercialização de um 

fármaco em subdesenvolvimento. No início de 2020, a humanidade viu-se confrontada 

com um novo vírus, SARS-COV-2, proporcionando uma crise pandémica mundial. Face 

à atualidade do tópico, foi decidido elaborar um caso prático, avaliando VIR-7831, um 

anticorpo ao Covid-19, que a Biotécnologia VIR se encontra a desenvolver. 

 

Palavras Chave: SARS-COV-2, Biotecnologia, Métodos de Avaliação, Estudo de Caso, 

VIR-7831. 
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v 

 

Abstract 

 

Biotechnology is one of the most promising industries, billion of dollars are expended in 

Research & Development every year to discover, develop, and commercialise 

biopharmaceutical products for treating several diseases. Understanding how those 

investments will generate cash flows in the future is difficult, but at the same time it is 

essential to understand the real value of a biotechnology company. 

The aim of this project is to estimate the present value of the future commercialisation of 

an underdevelopment drug. In the beginning of 2020, the humanity stepped in to deal 

with a new virus, SARS-COV-2, that caused a worldwide pandemic crisis. Due to the 

actuality of the topic, it was decided to elaborate a practical case study by evaluating VIR-

7831, a COVID-19 antibody that VIR Biotechnology is currently developing. 

 

Keywords: SARS-COV-2, Biotechnology, Evaluation Methods, Case Study, VIR-7831. 
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Glossary 

 

Antigen: molecules of the Pathogen that are recognizable by the immune system.  

B-Cells: immune system cells. 

BSM: Black-Scholes Merton. 

CAGR: Compound Annual Growth Rate. 

CMC: Chemistry, Manufacturing, and Control. 

DCF: Discount Cash Flow or Development Cash Flow. 

ELISA Test: Immunographic test. 

ENPV: Expected Net Present Value. 

Epitope: part of the Antigen that bounds the antibody.  

EUA: Emergency Use Authorisation. 

FDA: Food and Drug Administration. 

FTE: Full-time Equivalent. 

GSK: GlaxoSmithKline. 

Humoral Immunity System: system dedicated to the production of antibodies.  

Hybridoma: cell generated by fusing Myeloma cells with B-lymphocytes. 

Immunoglobin: synonym of antibody. 

Interaction Affinity: straight of the boundary between the antibody and the epitope. 

mAb: Monoclonal Antibody. 

Memory Cells: B-cells that contain information of a previous infection. 

Myeloma Cells: also known as immortal cells, are tumoral plasma cells that can replicate 

themselves indefinitely. 

NDA: New Drug Application. 

NME: New Molecular Entity. 



 
 

xii 

 

NPV: Net Present Value. 

pAb: Polyclonal Antibody. 

Pathogen: viruses, bacteria, anything non recognized by the human body. 

PV: Present Value. 

R&D: Research & Development. 

RANPV: Risk Adjusted Net Present Value. 

VIR: Vir Biotechnology.  
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Introduction 

 

This thesis is a Master project that intends to explain and demonstrate the difficulty of 

evaluating a project/investment for the development of a new drug. Since most of the 

evaluation methods are not suitable for estimating the intrinsic value of projects in the 

pharma/biotech industry (that is the core value of a biotech company), it will be used 

valuation models that are able to implement the risk of the different project’s stages (Risk 

Adjusted NPV/Decision Tree Model and Binomial Lattice Model) for the estimation of 

the present value of these R&D investments. 

As the applications of these methods are based mostly on assumptions and scratches taken 

from other research papers, due to the high level of uncertainty and the lack of public 

information that characterises this industry, the result will be an estimation and not an 

empirical result, whose purpose is to give an idea of how the developing process of a new 

drug can add value to the present free cash flow of a biotechnological company. 

The case study analysed in this Master project takes in consideration the antibody Vir-

7831, an antibody for treating SARS-CoV-2 disease that Vir Biotechnology, Inc (VIR) 

and GlaxoSmithKline PLC (GSK) are currently developing through a partnership.  

VIR is a clinical-stage biotechnology company, specialised in developing treatments to 

prevent infections. Its platforms are focused on antibodies with a pipeline that includes 

under development products to fight hepatitis B virus, influenza A, HIV, tuberculosis, 

and SARS-CoV-2. 
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1. Main Literature Review 

 

1.1 Traditional Project Valuation Methods 

Project valuation has two main purposes: valuing investments projects, as we can 

understand from the name, and comparing different projects from the same investment 

pool (Kodukula and Papudesu, 2006). The main methods to accomplish this purpose are: 

▪ Net Present Value;  

▪ Risk-Adjusted Net Present Value. 

 

1.1.1 Net Present Value 

The calculation of the Net Present Value (NPV) is the approach on which are based all 

the others Discounted Cash Flow Models. Basically, it accounts all the investments costs 

and the free cash flows that the project will generate during its life, and it calculates their 

Present Value (PV) by discounting them for a discount factor that should represent the 

risk of the project (Kodukula and Papudesu, 2006), that is:  

 

 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑁𝑃𝑉 = 𝑃𝑉 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝ℎ𝑎𝑠𝑒

− 𝑃𝑉 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠. 

 

(1) 

A useful formula used by Damodaran (2006) is: 

 
𝑁𝑃𝑉 = ∑

𝐶𝐹𝑡

(1 + 𝑟)𝑡

𝑛

𝑡0

    
 

(2) 

where:  

𝐶𝐹 = are the cash flow generated by the project at time 𝑡, 

𝑟 = is the discounting rate. 

 

1.1.2 Risk-Adjusted Net Present Value 

The Risk-Adjusted Net Present Value (RANPV), also known as Expected Net Present 

Value (ENPV), is used especially for the valuation of Research & Development (R&D). 

The possibility of failure is a great concern in R&D investments, and it needs to be taken 

into consideration. For this reason, by multiplying each 𝐶𝐹𝑡 by the estimated probability 

of success (or failure) it is possible to include the uncertainty in the RANPV of the project. 
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Furthermore, through the RANPV’s probabilities it is possible to build a decision tree 

model that will allow the analyst to investigate the impact of operating options on the 

value of the project (Bode-Greuel and Greuel, 2004). 

 

1.2 Real Option Project Valuation Methods 

Real Options, as we can understand by the name, are options on real assets, and not on 

financial ones. This valuation method, also known as “Contingent Claim Approach”, 

consists in having opportunities of changing investments or strategies in the future; they 

give the possibility to use future news/information to change the strategy of a project. We 

can translate this possibility of making future choices in “Managerial Flexibility”, and we 

can give a value to that. As the traditional NPV does not have the possibility of 

implementing new information in the valuation model, it is common to refer it as “Static 

NPV”, while the real option one is called “Expanded NPV”. The latter has the 

characteristic to be of greater value, as the standards DCF methods discount the most 

likely future outcomes, but in reality there are more possible outcomes upside and beside 

that value, that we can respectively translate in profits and losses. Having this flexibility 

means valuating all the possible investment opportunities, and consequently making more 

profits and avoiding losses (Dias, 2020). 

We can summarise the relationship between the two NPVs in this formula: 

 𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑 𝑁𝑃𝑉 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝑁𝑃𝑉 + 𝐹𝑙𝑒𝑥𝑖𝑏𝑖𝑙𝑖𝑡𝑦.  

 

(3) 

therefore, 

 𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑 𝑁𝑃𝑉 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝑁𝑃𝑉 + 𝑂𝑝𝑡𝑖𝑚𝑢𝑚 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 . 

 

(4) 

This valuation method takes in account important elements, such us timing, 

irreversibility, and uncertainty (Dias, 2020). The most common models are: 

▪ Black-Scholes-Merton Model; 

▪ Lattice Model. 
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1.2.1 Black-Scholes-Merton Model 

The Black-Scholes-Merton Model is a generalised version of the Black-Scholes Model, 

a free-arbitrage model that evaluates European-style options on free-dividend stocks.  

The new model allows stocks paying dividends thanks to the introduction of a continuous 

dividend yield represented by the letter 𝑞 (Dias, 2020).  

The BSM formula is computed as follow: 

 

 𝑐𝑡  (𝑆, 𝐾, 𝑇) = 𝑆𝑡𝑒−𝑞𝜏𝑁(𝑑1) − 𝐾𝑒−𝑟𝑁(𝑑2) (5) 

and 

 𝑝𝑡 (𝑆, 𝐾, 𝑇) = 𝐾𝑒−𝑟𝑁(−𝑑2) − 𝑆𝑡𝑒−𝑞𝜏𝑁(−𝑑1), (6) 

where 

 

𝑑1 =  
ln (

𝑆𝑡

𝐾) + (𝑟 − 𝑞 +
1
2 𝜎2) 𝜏

𝜎√𝜏
 

(7) 

and 

 

𝑑2 =  
ln (

𝑆𝑡

𝐾) + (𝑟 − 𝑞 −
1
2 𝜎2) 𝜏

𝜎√𝜏
 

(8) 

where: 

𝑐𝑡 and 𝑝𝑡  = are respectively the European call price and the European put price,                                 

𝑆𝑡 and 𝐾 = are respectively the underlying asset price and strike of the option with expiration at time T, 

𝑁(. ) = represents the cumulative density function of the univariate standard normal distribution,                                                                                                                                          

𝜏 = is the option time to maturity, 

𝜎 = is the annualised volatility, 

𝑞 = is the continuously compounded dividend. 
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After this explanation, we need to transform those financial option variables into real 

ones, in order to use the BSM model in the contingent claim approach. Table 1 shows the 

call option example: 

 

 

 

 

1.2.2 Binomial Lattice 

The Binomial Lattice, or Binomial Model, is a kind of decision tree that represent the 

possible evolution of underlying asset’s price during the life of the option. 𝑆0 is the 

present value of the underlying assets, it goes up and down, and these movements are 

represented by 𝑢 and 𝑑. At the end of the first period the outcomes will be 𝑆0𝑢 and 𝑆0𝑑. 

These movement will be repeated at the end of each period (for example at the end of the 

second period the values will be 𝑆0𝑢2, 𝑆0𝑢𝑑, and 𝑆0𝑑2) until the last node where is 

represented a range of possible asset values at the end of option life. The total length of 

the lattice model is the option life, more time steps we include in the model, more accurate 

will be the option’s value (Kodukula and Papudesu, 2006). 

 

 

 

 

 

 

Table 1: Mapping an Investment Opportunity on a Project onto a Call 

Option. Source: Dias (2020). 
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In Fig. 1 is plotted an example: 

 

 

 

 

 

 

 

 

 

 

 

The most used way to solve this model is through the risk-neutral probabilities approach. 

By applying this approach, we need to risk adjust all the cash flows in the binomial model 

with risk-neutral probabilities and discount them at the risk-free rate. 

The risk- probability can be formulated as follow: 

 
𝑝 =

exp((𝑟 − 𝑞)√𝑡) − 𝑑

𝑢 − 𝑑
 

(9) 

where 𝑢 and 𝑑 are function of the volatility of the underlying asset: 

 𝑢 =  exp(σ√𝛿𝑡) (10) 

and 

 𝑑 =  exp(−σ√𝛿𝑡) (11) 

where 𝛿𝑡 is time step decided and 𝑟 is the risk-free rate (Kodukula and Papudesu, 2006). 

 

1.3 Evaluation Methods for Biotech Projects 

As reported in the paper “Real-Options Valuation for a Biotechnology Company” 

(Kellogg and Charnes, 2000) the best methods to evaluate the project of the development 

of a new drug is through the Risk-Adjusted NPV and the Lattice Model. The traditional 

NPV method uses inputs parameters that are fixed numbers, as they could not change in 

any circumstances, so is not an adequate model for the biotechnology industry. The BSM 

model is not suitable because projects in this kind of industry are staged (clinical trials) 

so there is not just a unique option, and it cannot capture the uncertainty for each one of 

these stages (Villinger and Bogdan, 2005). 

 

Figure 1: Three Time Steps Binomial Model. Source: Kodukula, Papudesu 

(2006). 
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Kellogg and Charnes (2000) decided to calculate the RANPV with the following formula: 

 
𝑅𝐴𝑁𝑃𝑉 =  ∑𝜌𝑖∑

𝐷𝐶𝐹𝑖,𝑡

(1 + 𝑟𝑑)𝑡
+ 𝜌7∑𝑞𝑗∑

𝐶𝐶𝐹𝑗,𝑡

(1 + 𝑟𝑐)𝑡
 

(12) 

where: 

𝑖 = 1, … , 7 = is an index of all the development stages,   

𝜌𝑖 = conditional probability that stage 𝑖 is not going to be a success, 

𝜌7 = conditional probability of Approval, 

𝐷𝐶𝐹𝑖,𝑡 = expected develop cash flow at stage 𝑖 at time 𝑡, 

𝑟𝑑 = development discount rate, 

𝑗 = 1, … , 5 = is an index of quality for the drug,  

𝑞𝑗 = probability of achieving the quality 𝑗, 

𝐶𝐶𝐹𝑗,𝑡 = expected commercialised cash flow at time 𝑡 for a drug of quality 𝑗, 

𝑟𝑐 = commercialised discount rate. 

 

When the drug will pass all the regulatory tests, phases and reaches the market, it will 

meet one of these five categories with respective probabilities: “Dog” with 10% 

probability, Below the Average with 10% probability, Average with 60% probability, 

Above the Average with 10% probability, and Breakthrough with 10% of probability. 

Furthermore, they estimated the conditional probability of success for each development 

trial: Discovery Stage with 60% probability, Preclinical Stage with 90% probability, 

Clinical Phase I with 75% probability, Clinical Phase II with 50% probability, Clinical 

Phase III with 85% probability, FDA Filing with 75% probability, and Post-approval with 

100% of probability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                               
                                                                

9 

 

Thanks to that formula they were able to build the decision tree represented in Fig. 2: 

 

 

 

To apply the Binomial model, Kellogg and Charnes (2000) decided to calculate the initial 

value of the asset with the following formula: 

 
𝐴0 =  ∑𝑞𝑗∑

𝐶𝐶𝐹𝑗,𝑡

(1 + 𝑟𝑐)𝑡
 . 

(13) 

Multiplying for 𝑢 (upward movement) and 𝑑 (downward movement) they built the 

binomial tree where at the last node there is the end-branch value 𝐸𝑘, 𝑘 = 1, … , 𝑛 + 1. 

Afterwards, they solved it with the risk-neutral probability approach. The possible 

payoffs are calculated with the following formula: 

 𝑃𝑘 = max[𝐸𝑘(𝜃𝑡) − 𝐷𝐶𝐹𝑡 , 0], (14) 

where: 

𝜃 is the success probability of year 𝑡. 

Then the option values are rolled back, for each stage, until the present value: 

 𝑉𝑡,𝑘 = max {[𝑉𝑡+1,𝑘𝜌 + 𝑉𝑡+1,𝑘+1(1 − 𝜌)]𝑒−𝑟√∆𝑡𝜃𝑡 − 𝐷𝐶𝐹𝑡, 0}. (15) 

The value obtained by the two models were not significantly different, but comparing 

them to the stock price, it is evident an increasing difference related to the uncertainty of 

the trials, and, consequently, to a wide range of assumptions made by the investors.  

Figure 2: Decision Tree for a Pharmaceutical Development. 

Source: Kellogg and Charnes (2000). 
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2. Data 

 

The data necessary to estimate the value of the project will be estimated and assumed 

using past studies and reports. 

Regarding the success probabilities of each Development Phase, it will be used the same 

ones that Kellogg and Charnes (2000) have chosen. The price of the product will be 

assumed equal to the one of similar drugs. A deep market research and a sensitivity 

analysis are required to estimate the future development and commercialised cash flows. 

The data necessary to understand the current status of the two companies will be found 

in the 10K and 10Q released by VIR Biotechnology; further information have been 

collected from Bloomberg platform. 
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3. Methodology 

 

This Project Thesis has used two pricing models, the Risk Adjusted Net Present Value 

and the Binomial Option Pricing Model. 

The RANPV has been built on Excel and run through a Macro (provided by Mr. Kellogg) 

on VBA. 

The purpose of the Macro is of looping through all the scenarios of different R&D stages 

and the different qualities of drug (revenue), taking the results and attaching them in the 

Summary Sheet “TREE NPV”. 

The macro goes to the R&D sheet where it changes cell C49 and loops it from 1 to 7 (1 

= Discovery Phase, 2 = Preclinical Phase, 3 = Clinical I, 4 = Clinical II, 5 = Clinical III, 

6 = FDA Filing, and 7 = Approval). Each time it changes C49, it copies cell b23 from 

Cash Flow sheet (total NPV) back to Tree ENPV. 

When all the different levels of development are gone it goes to the Revenue Sheet and 

loops cell B11 for each of the 5 levels of drug quality. Again, it copies cell B23 from 

Cash Flow sheet to the correct spot of Tree ENPV. 

The Binomial Option Pricing Model was computed by adopting the same formulas that 

Kellogg and Charnes (2000) used in their paper. 

The Current Value of the Asset 𝐴 corresponds to the discounted value of the expected 

commercialisation cash flows at time zero: 

 

𝐴0 =  ∑ 𝑞𝑗 ∑
𝐶𝐶𝐹𝑗,𝑡

(1 + 𝑟𝑐)𝑡
 , 

 

(13) 

 ℎ is the maximum discounted commercialization cash flows at time of launch: 

 ℎ = Max {∑
𝐶𝐶𝐹𝑗,𝑡

(1+𝑟𝑐)𝑡  (1 + 𝑟𝑐)𝑙} , (16) 

where 𝑙 is the difference between the time of the development process and the time of 

approbation, and 𝑟 is the risk-free rate (considered as 10-years treasury bill). 

The standard deviation 𝜎 of the Asset is calculated as follow: 

 
𝜎 = ln(ℎ/𝐴)

1
𝑙  , 

(17) 
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and the upward and downward movements: 

 𝑢 =  𝑒𝜎√∆𝑡 (18) 

 𝑑 = 1/𝑢 (19) 

where: 

∆𝑡 is Tau divided by the 𝑛 intervals of the Binomial Tree. 

The possible payoffs are calculated as follows: 

 𝑃𝑘 = Max[𝐸𝑘(𝜃𝑡) − 𝐷𝐶𝐹𝑡, 0] , (14) 

 

where: 

𝐸𝑘 are the branch end values, 

𝜃𝑡 are the various success probabilities at time 𝑡. 

The 𝑃𝑘 values are then rolled back using the risk neutral probabilities 𝑝 and 1 − 𝑝 to find 

the option values 𝑉𝑡,𝑘, where: 

 
𝑝 =  

𝑒(𝑟−𝑞)∆𝑡 − 𝑑

𝑢 − 𝑑
 , 

(20) 

and the equation for rolling back the option values is: 

 𝑉𝑡,𝑘 = 𝑀𝑎𝑥 {[𝑉𝑡+1,𝑘𝑝 + 𝑉𝑡+1,𝑘+1(1 − 𝑝)]𝑒−𝑟√∆𝑡𝜃𝑡 − 𝐷𝐶𝐹𝑡, 0}. (15) 
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4. Assumptions 

 

4.1 Development Cost Assumptions 

The following assumptions are based on the research paper “Benchmarking 

biopharmaceutical process development and manufacturing cost contributions to R&D” 

written by Farid (2020). 

Pre-clinical and clinical trials are supported by Chemistry, Manufacturing, and Controls 

activities (CMC). Those operations are divided between Process Development and 

Manufacturing for Material Supply. The former includes all the costs related to bulk 

processing, formulation development, and the analytical effort dedicated to studies 

validation; the latter covers all the costs resulting from manufacturing the batches needed 

for guaranteeing the material supply to the trials, and the batches necessary for the 

regulatory review and approbation, also known as Process Validation batches. 

There is an inter-dependence between the two CMCs: the developer has to establish and 

optimize the manufacturing plan through a series of process development activities, while 

ensuring its cost-effective and reproducibility. The CMCs supporting Phases I and II are 

focused on process scalability and productivity improvement. The activities supporting 

Phase III and the FDA submission are focused on characterization and validation. To 

avoid delays on the trials, the supporting CMC activities take place before the beginning 

of the relative phase, as Fig. 3 shows: 

 

Farid (2020) has adopted an FTE year-based approach for estimating the cost of process 

development activities. It was assumed a cost of 250,000 $ for every unit of FTE 

workload; this amount includes salary, management, and infrastructure costs. The model 

has been corrected for the durations of VIR-7831 trials, that resulted in a significant 

decrease of the process development costs.  

 Figure 3 Timeline of Biopharmaceutical Development Activities. Source: Farid (2020). 
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The estimation of the manufacturing activities was divided into two steps. Firstly, it was 

necessary to compute the doses (in kilograms) needed for each trial; it was assumed that 

a dose weights 0.6 g. As the phases’ duration was shorter, and considering that a 

volunteered patient would assume a dose every two weeks, it was understood that less 

quantity of drug was required. The results have been corrected for the overproduction 

rates, as a portion of the drug candidate will be used for quality analysis, testing, and 

contingency inventory. 

 

Table 3 Estimation of Product Demand in Clinical Trials. Source: Farid (2020). 

When the product required amount was known, it was calculated the number of batches 

necessary to produce that quantity. By using the batches’ prices reported in the analysed 

paper, the final manufacturing costs were obtained (Tab.4). 

 

Table 4 Estimation of Batch Cost and Number of Batches Required. Source: Farid (2020). 

As revealed in Table 5, the costs of clinical trials (the core costs) were calculated by 

subtracting the CMC expenses from published total costs. 

 

 

 

Finally, the sum of the costs was multiplied for the numbers of projects required to 

complete each phase. Farid (2020) analysed three risk scenarios: average, best, and worst-

case scenario. Each risk-profile represents the difficulties that the drug candidate would 

Table 2 Estimated Costs for Process Development Activities. Source: Farid (2020). 

Table 5 Comparison to Published Total Costs. Source: Farid (2020). 
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incur for passing each trial, and consequently the number of projects used for each phase. 

As VIR-7831 has already reached the FDA review, it was decided to use the number of 

projects related to the best case-scenario. The final results are the assumed total costs of 

VIR-7831 development (Table 6).  

 

Table 6 Estimation of Total Costs. Source: Farid (2020). 

 

4.2 Commercialization Cost Assumptions 

The commercialization costs were assumed equal to the ones that Kellogg and Charnes 

(2000) have used in their research, that is: 

 

                     Table 7 Commercialisation Costs. Source: Kellogg and Charnes (2000). 

 

4.3 Probabilities Assumptions 

Probabilities of Success, Conditional Probabilities that stage 𝑖 is the end stage, and Drug 

Quality Probabilities were assumed equal to the ones used by Kellogg and Charnes 

(2000).  

 

Table 8 R&D Probabilities. Source: Kellogg and  Charnes (2000). 
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Table 9 Revenue Probabilities. Source: Kellogg and Charnes (2000). 

 

4.4 Revenue Assumptions 

A table with the top twenty sold biopharmaceutical products was used for assuming the 

possible revenue of VIR-7831.  

 

        Table 10 The 20-Rop-Sellg Biopharmaceutical Products in 2017. Source: Walsh (2018). 

As those drugs were the most profitable in 2017, they were used to calculate the 

Breakthrough quality revenue. The table describes for each product the annual revenue in 

2017 and the year in which they reached the market. Twenty revenue historic series were 

built by computing those data with the Breakthrough quality CAGR used by Kellogg and 

Charnes (2000). Afterwards, the yearly average was calculated, and the estimated 

Breakthrough time series was obtained. In order to get the other four revenue sequences 

(Above the Average, Average, Below the Average, and Dog quality), multiplies were 

used to find each gross profit for the first year of commercialization. Finally, using the 

CAGR represented in Figure 4, all the five revenue time series were obtained.  
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Figure 4 Revenues Streams for New Drugs by Quality Category. Source: Kellogg and Charnes (2000). 

 

4.5 Discounting Rates Assumptions 

The Discounting Rates were assumed equal to the ones used by Kellogg and Charnes 

(2000): 6 % for the Development Discount Rate, and 9 % for the Commercialisation 

Discount Rate. An inflation rate of 2% was assumed for calculating the nominal discounts 

rates of 8.1 % and 11.2 %. 

 

4.6 Timeline Assumptions 

Corporate’s news were used to approximate the trials’ timeline represented in Table 11. 

Due to the Emergency Use Authorization (EUA) emanated by FDA for COVID-19 

epidemy, all the drugs on development for contrasting SARS-COV-2 have the right to 

accelerate the normal procedures. An mAb usually takes between 5 and 9 years from the 

Discovery to the FDA filing; VIR-7831 took 13 months for all the trials. The FDA Review 

duration was approximated to one month, the same time that Pfizer’s COVID-19 Vaccine 

has taken to be approved. 

 

                                                                   Table 11 VIR-7831 Timeline. 
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Regarding the Commercialisation Timeline it was decided to choose 21 years as period, 

following what Kellogg and Charnes (2000) did. 

4.7 Partnership Ratio Assumptions 

A partnership between Vir Biotechnology and GlaxoSmithKline was set to develop VIR-

7831. Following this agreement, VIR will be responsible for the 72.5 % of the 

Development Costs and the Revenue; GSK will cover (and own) the remaining 27.5 %. 

A fully disclosure of the Partnership Agreement can be found in the relative chapter.  
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5. Antibodies, a Simple Explanation 

 

The following chapter was written inspired by the book “Basic Immunology” (Abbas, 

Lichtman, Pillai, 2019). 

Antibodies belong to the Humoral Immunity System, more specifically they are 

molecules produced by B-Lymphocytes (or B-Cells) with the purpose of targeting 

everything that is not recognized by the human body and allowing the immune system to 

eliminate it (the so-called Pathogenic Agents or Pathogens).  

When the B-Lymphocyte enters in contact with a Pathogen, it recognizes that through the 

receptors that are present on its membrane, and those receptors are antibodies themselves.  

So, the Lymphocyte can be considered as an antibodies’ owner, but in the late phase of 

its life it becomes and antibodies producer too. In more scientific terms, the antibodies 

are both external receptors and secreted molecules. 

An antibody is a molecule composed by four polypeptide chains, two light chains (𝐶𝐿) 

and two heavy chains (𝐶𝐻), that form two regions: a variable one, whose purpose is 

bonding itself with antigens, and a constant part responsible for the complement 

activation. It has the typical Y-shape for recognizing Antigens. The antibody variable part 

chemically bonds itself to the epitope. The variable part is the most important one, as its 

variability property allows the antibody to bond itself with many different epitopes. In 

simple word, an efficient immune system has the capability to produce different types of 

antibodies against a wide range of antigens.  

There are five subtypes of antibodies classified according to the type of heavy chains in 

the constant region, as represented in Table 12:  

 

 

 

 

 

 

 

 

 

Table 12 Antibodies Classification. Source: Kyowa Kirin, Na. 
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The power of the boundary between the antigen and the antibody is called Interaction 

Affinity (IA); that affinity is expressed also in constants terms, Dissociation Constant. 

The higher the Interaction affinity the lower is the Dissociation Constant. The Interaction 

Affinity is directly proportional to the number of infections. The first time that a subject 

will be infected by a pathogen he will be sick, so the B-lymphocyte will start to produce 

antibodies by dividing itself in clones; some of those clones are Memory Cells (cells 

which record infections’ information for the immune system). The second time that the 

subject will be infected by the same pathogen, the antigen will activate the memory cells 

and the affinity will be higher, as results the symptoms will be less or lighter.  

In general, antibodies are considered Polyclonal Antibodies (pAbs) by nature. They are a 

heterogeneous mixture produced by different B-lymphocytes clones; they can bind with 

many different epitopes of an antigen. In 1984, Georges Köhler, Niels K. Jerne, and César 

Milstein won the Noble Prize for the discovery of Monoclonal Antibodies (mAbs). They 

discover that each B-cell produces a specific antibody; so mAbs have a monovalent 

affinity and can recognize only the same epitope (Creative Diagnostic, Na).  

Differently by pAbs, that are produced in live animals, monoclonal antibodies must be 

produced ex vivo using genetic engineering techniques.  The most academic way is for 

producing the so-called Murine Antibodies.  

 

Figure 5 Murine mAb Production. Source: Liao G., Na, IBT Bioservices. 

The first step is infecting a mouse with an antigen, consequently its immunity system will 

produce the B-cells against that antigen. The second step is drawing the B-lymphocytes 
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from the cells of the immune system of the mouse. Some of those cells are producing the 

specific antibody for contrasting the injected antigen. At this point all the B-lymphocytes 

are fused in vitro with Myeloma mutant lines cells creating Hybridomas, that can 

duplicate themselves infinitely. After a first screening, the hybridomas are selected 

through an ELISA test to identify which ones produce grow until the antibody of interest. 

The particularity of that cellular line is the capability of producing continuously the same 

antibody. From now on it can take the name of Monoclonal Antibody, as all the antibodies 

are specific for the same antigen and come from identical clones of a unique B-

lymphocyte. The obtained mAb is a completely animal one, and it would be rejected by 

a human body. To avoid such problem, genetic engineering techniques are used to insert 

the variable region of the mouse in a human Immunoglobulin. Finally, the specific 

monoclonal antibody is ready for the pre-clinical and clinical trials. 

Following the antibody domains’ origins, it is possible to identify four types of mAbs in 

total: Murine, Chimeric, Humanised, and Human. 
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Figure 6 Sales of Biopharmaceutical Products by Product Type and Class. 

 Source: Levine and Cooney (2017). 

 

6. Monoclonal Antibodies Market 

 

In 1986, the first monoclonal antibody (Orthoclone OKT3) was approved and put on the 

market. The growth rates related to the approbation of new mAbs and the relative sales 

were considerable low until 1990, year in which the first chimeric mAb was approved. 

After that year, humanized and human monoclonal antibodies started to be approved too; 

those more advanced technologies have led to an exponential increase of new products’ 

approbations and mAb sales. In 2015, the global sales of mAb almost reached $90 billion, 

meaning 60% of the overall biopharmaceutical market (Levine, Cooney, 2017). In 2019, 

seven of the top ten selling drugs were monoclonal antibodies, as Table 13 shows: 

 

 

Analyzing the market data, it is evident how the revenues coming from mAbs grow faster 

compared to other biopharmaceutical products. As Figure 6 shows, the sales of mAb 

products (represented by light green, orange, and purple columns) have increased of 80% 

in an interval of 5 years: in 2010 sales reached $50 billion, while in 2015 they almost 

reached $90 billion. By contrast, the overall sales of other biopharmaceutical products 

have grown at a rate of 18 % (Levine, Cooney, 2017). 

 

 

 

 

 

 

Table 13 Top Ten Drugs Sold for 2019. Source: Pharma Intelligence. 
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Analysts believe that the antibody market will grow at a compound annual rate of 9%, 

that could expand the market capitalization to $300 billion in 2025 (Figure 7).  

 

 

 

 

 

 

 

 

 

This market is considered interesting for different factors. One reason is the so called 

“first-to-market” advance; monoclonal antibodies are often the first products to advance 

to the further clinical trial, that is due to the low risk of unexpected issues in human 

clinical trials (especially with the increasing trend of human antibodies). A second factor 

is the direct correlation between the biopharmaceutical (and pharmaceutical) market 

expansion and the population wellness. As there is a general increase of the worldwide 

population aging (including the third world countries living standards), the 

biopharmaceutical market is expected to grow further.  Finally, the mAb cellular lines 

production has become more efficient and cost-effective during the time, guaranteeing 

the meeting of the demand (Levine, Cooney, 2017). 

 

 

 

 

 

Figure 7 Timeline of Successful Development of mAbs. Source: Wu (2020). 
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7. Development of a New Drug 

 

The development of a new drug is a long process that must go through different phases 

before reaching the market. The following phases have been described using as main 

source the FDA website (2018):  

▪ Discovery Research; 

▪ Preclinical Research; 

▪ Clinical Trial I; 

▪ Clinical Trial II;   

▪ Clinical Trial III; 

▪ FDA Drug Review. 

 

7.1 Discovery Research 

This is the phase where a New Molecular Entity (NME) is discovered. Potential 

candidates can be discovered through new insights into a disease process, tests of 

molecular compounds, further analyses on existing treatments, and the implementation 

of new technologies. 

At this this stage, thousands of NMEs can be potential candidates, but after early testing 

just a small number is going to proceed to the next phase. 

Once a promising compound is found, experiments are conducted to gather information 

regarding its metabolization properties, its potential benefits and mechanism of action, its 

best dosage, its side effects, and other possible collateral effects depending by groups of 

people and interaction with other drugs. 

 

7.2 Preclinical Research 

The purpose of this research is understanding the toxicity level of the candidate NME. 

There are two types of Preclinical Research: 

▪ In Vivo; 

▪ In Vitro. 
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Usually, the PC studies are not large, they need to identify information on the dosing and 

toxicity levels. After analysing the results, the researchers will decide if testing the new 

drug on human patients. 

 

7.3 Clinical Trial I 

The fist clinical trial is conducted on a small number of volunteers (between 20 and 100) 

with the purpose of testing the safety and the dosage of the NME. Usually, it takes several 

months. 

 

7.4 Clinical Trial II 

The second clinical trial consists in testing the candidate drug on hundreds of patients 

with the target disease. The purpose is testing its efficacy and its side effects. The duration 

could take from a minimum of months to a maximum of 2 years. 

 

7.5 Clinical Trial III 

The third clinical trial the NME is tested on thousands of patients (up to 3,000) with the 

scope of analysing efficacy and monitoring adverse reactions. The duration could take up 

to 4 years. 

 

7.6 FDA Drug Review 

If all the previous phases were successful, the drug developer can submit a New Drug 

Application (NDA) to FDA. 

The NDA must include all the possible information regarding the candidate drug: 

directions for use, drug abuse and safety information, patent information and so on. 

If the FDA review team will find the candidate product safe and effective for the 

addressed disease, it will finally give its approval. 
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8. Vir Biotechnology 

 

8.1 Company Profile 

VIR Biotechnology Inc. is a clinical stage immunology company based in San Francisco 

operating in the Biotechnology & Medical Research sector. It was founded in 2016 by 

Robert Nelsen and Vicki Sato and it was listed in Nasdaq Stock Exchange in 2019. The 

company, with a Market Capitalization of $5.411 B and a price per share of $37.20 

(recorded on  the day 21 of July 2021), is currently managed by George A. Scangos 

(CEO), Howard Horn (CFO), and Phil Pang (CMO).  

The main mission is combining immunologic insights with cutting-edge technologies to 

treat and prevent serious infectious diseases. The approach is divided as follow: 

identifying the limitation of the immune system in fighting a specific pathogen, studying 

the vulnerabilities of that pathogen, and understanding why previous therapies have not 

worked. After that, new technologies (that are analysed in the next paragraph) are used, 

individually or combined, to develop new effective therapies and biopharmaceutical 

products. 

 

8.2 Technologies and Pipeline 

Following the information reported in VIR Biotechnology 10-K (2021), the company is 

working on biopharmaceutical products to contrast SARS-COV-2 (COVID-19), HBV, 

Influenza A, and HIV. VIR uses four technology platforms for developing their products: 

 

▪ Antibody Platform: using rare immune response in people that are protected 

from infectious diseases to treat resistant or quick evolving pathogens through 

engineered fully human antibodies. 

▪ T Cell Platform: using the immunology of human cytomegalovirus (HCMV), a 

common virus in human, as a vector for vaccines to treat infections that are 

resistant to current vaccine technologies. 

▪ Innate Immunity Platform: creating therapies to develop high barrier resistance 

in patients. The purpose is to produce a drug for treating multiple diseases thanks 

to the leveraging of innate immunity. 

▪ siRNA Platform: inhibiting pathogen replication to eliminate key host factors 

necessary for pathogen survival. 
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In the following table it is represented the products pipeline of VIR Biotechnology: 

 

         Table 14 VIR Biotechnology Pipeline. Source: VIR Biotechnology, 2021. 

 

8.3 Financials 

Looking at the balance sheet of the company, it is evident an increase of the Total Assets 

from $512.1 million to $918.8 million; the most significant change is the increase of 

$353.4 million (from $383.4 million in 2019 to $736.9 million in 2020) in Cash, Cash 

Equivalents, and Short-term Investments item. As reported in the 10-K, VIR has financed 

their operations mainly through sales of common stock and convertible preferred 

securities, and payments received from grant and collaboration agreements. In April 

2020, VIR issued 6,626,027 shares of common stock to GSK at a price per share of 

$37.73, for an approximate purchase price of $250.0 million. In July 2020, VIR 

completed a follow-on offering of common stock and issued 8,214,285 shares for a net 

profit of $323.2 million (Vir Biotechnology, 2021).  

The Income Statement reports an increase of $68.3 million in Total Revenue for the year 

2020. As VIR at the moment does not have any approved products, its revenue only 

consists of Grant Revenue, revenue originated by grant agreements with government and 

private organization, and License and Contract Revenue, revenue generated by license 

rights and R&D services. The increase in Total Revenue is mainly justified by the $43.3 

million of revenue from the license granted to GSK, and $22.7 million of revenue 

generated by Brii Bio’s option exercise to obtain exclusive rights for developing and 

commercialize compounds arising from VIR-2218 in China. Research and Development 

expenses were respectively $302.4 million and $148.5 million for the years 2020 and 

2019. This change is mainly related to the following factors: an increase of $79.4 million 

in Licenses, Collaborations and Contingent Consideration Expenses, an increase of $21.0 

million in clinical Trial Expenses (mainly allocated for VIR-7831, VIR-2218 and VIR-

3434 trials), an increase of $18.8 million in Contract Manufacturing Expenses, and an 
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increase of $14.3 million Other Research and Development Expenses. Finally, the Net 

Income is -$298.7 million compared to -$174.7 million recorded at the end of 2019 (Vir 

Biotechnology, 2021). 

The Cash Flow Statement reports $190.9 million of Net Cash used in Operating Activities 

for the year 2020, the net loss of $298.7 million was partially offset by a decrease in Net 

Operating Assets of $29.5 million and Non-cash Charges of $94.0 million. In 2020 the 

Net Cash used in Investing Activities was $9.9 million.  This consisted primarily of 

$403.8 million in Investments purchases and $6.5 million in Property and Plant 

Equipment purchases, partially offset by $400.3 million in proceeds received from 

matured investments. Financing Activities used $529.5 million of Net Cash in 2020, 

consisting in proceeds coming from the issuance of common stock to GSK ($206.7 

million) and the $323.2 million related to the follow-on offering (Vir Biotechnology, 

2021). 

Looking at the financial statements it is obvious that using the classic valuation methods 

(DCF, Multiplies, EV and so on) is meaningless: as the company is young, the net 

incomes are still negative and calculating growths rates and multiples would not be 

economically significantly. Nevertheless, a relevant correlation between R&D 

investments and stock price was identified. Despite the even more negative net income 

recorded in 2020, the stock price followed an opposite path: on 31/12/2019 the price for 

a VIR stock was $12.575, on 31/12/2020 it was $26.78, for a total appreciation of 113%. 

That was due to the increase of R&D investments: more money spent in research means 

more present costs, but at the same time more investments in R&D increases the 

investors’ expectation for future profits (in a best-case scenario).  

 

8.4 VIR-7831 

VIR Biotechnology has selected 14 mAbs or mixtures of mAbs as possible candidates to 

fight SARS-COV-2. The one that this thesis is taking into consideration is the most 

promising VIR-7831 (also known as GSK 4182136 due to its partnership with 

GlaxoSmithKline). For discovering and developing VIR-7831, the VIR’s team has started 

by analysing S 309, an antibody that was recorded and studied in a SARS-COV-1 

survived patient in 2003. The team has found out that S 309 bounds itself to the epitope 

shared by COV-1 and COV-2. That epitope is located in the Spike Protein, that is the 

protein through the SARS-COV-2 enters into the human cells. S 309 was engineered at 
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the DNA level to improve its pharmacokinetic properties. The Dissociation Constant 

recorded VIR-7831 is 0.21 nanomolar, that guarantees a high Interaction Affinity (Hebner 

C. M., 2021). 

 

 

 

          

 

 

 

 

VIR Biotechnology (2021) has defined its mAb as a “fully human dual action monoclonal 

antibody”. As its origins come from S 309 there is no animal domain inside the antibody, 

that increases its success probability in the clinical trials. Moreover, it is defined as Dual 

Action because it has the potential to block the virus entry into sane cells and to purify 

the infected ones. At the moment VIR-7831 is being evaluated by FDA for its 

approbation, after its success in the previous trials. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Interaction Affinity Analysis. Source: Hebner (2021). 
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9. Preliminary Collaboration Agreement 

 

On April 5 2020, Vir Biotechnology and GlaxoSmithKline Biologicals entered in a 

Preliminary Collaboration Agreement with the purpose to unite their technologies and 

resources to develop antibodies, vaccines, and functional genomics products. 

 

9.1 Collaboration Products 

The products that are going to be developed in this collaboration agreement are regrouped 

in three macrofamilies: 

▪ Antibody Products: any monoclonal antibodies developed against any coronavirus 

under the Antibody Program. 

▪ Vaccine Products: any vaccines that are developed under the Vaccine Program. 

▪ Functional Genomics Products: any products included in the Functional Genomics 

Program based on the results of the genomics screens conducted under the same 

program. 

During the Initial Development Term, Vir and/or its affiliates will not create any 

antibodies against SARS-COV2 or other coronavirus; or conduct any functional 

genomics screens for SARS-COV2 or any coronavirus to discover new targets to develop; 

both cases are except for pursuant to collaboration. The same terms are valid for GSK 

and/or its affiliates. 

If during the Initial Development Term, either Party or its Affiliates wishes to pursue a 

new program that falls in one of the above-mentioned obligations, such Party has to offer 

the possibility to include that specific program under the Collaboration. If the other Party 

declines the expansion of the subscribed Collaboration, the offering Party shall have the 

right to pursue that specific program outside the collaboration, regardless of its 

obligations. 

 

9.2 Lead Party 

Depending on each Collaboration Program Agreement, the party designated as Lead Party 

in accordance with a development pan will be primarily responsible for Development, 

Regulatory, and/or Manufacturing in accordance with the Development Plan. The Lead 

Party shall have the right of making the final decision under the specific Collaboration 
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Program, except for budget increases and assignment of activities to the other Party; in 

this scenario such Party will have to express its consent. Under the Antibody Program, 

VIR will be the Lead Party for any Antibody Products until the first filing is submitted 

for Regulatory Approval. After that, GSK will become the Lead Party for such Antibody 

Program. 

 

9.3 Collaboration Programs 

 

9.3.1 Antibody Program 

This will be the first Collaboration Program to be pursued by the Parties, improving the 

VIR’s ongoing activities. As mentioned above, VIR will be the Lead party for the 

Development and clinical Manufacturing activities related to the Antibody Program. GSK 

will be primarily responsible for the Commercialization and Commercial Manufacturing 

activities. The two companies will share the development costs for the activities under 

the Antibody Development Plan as follows:  

▪ VIR will be responsible for the 72.5 % of the Development Costs, 

▪ GSK will bear the remaining 27.5 %. 

 

9.3.2 Vaccine Program 

The Vaccine Program will use both technologies of VIR and GSK. GSK will be the Lead 

Party of this program while the research part will be conducted mainly by VIR. If the 

research proves to be successful, the party has the option to continue the program and 

enter the development phase. If GSK decides to stop the research or development of a 

candidate vaccine, VIR can take the project forward. The two companies will share the 

development costs for the activities under the Vaccine Development Plan as follows: 

▪ GSK will bear the 72.5 % of the Development Costs, 

▪ VIR will be responsible for the remaining 27.5 %. 

 

9.3.3 Functional Genomics Program 

The program will start after the adoption of the Development Plan for the Functional 

Genomics Products. GSK will be the Lead Party and it will have the main responsibility 

for the Development and Manufacturing activities under the Functional Genomics 

Program. VIR and GSK will respectively bear 50 % of the development costs.  
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9.4 Manufacture and Supply 

For each Collaboration Program the Parties will jointly choose an appropriate 

manufacturing strategy, taking in consideration each Party’s manufacturing capability. 

As written above, regarding the Antibody Program VIR will be the Lead Party for the 

clinical manufacturing activities, while GSK shall be responsible for the commercial 

manufacture. 

 

9.5 Commercialization and Collaboration Products 

The Parties will share any profits and/or losses arising from any Collaboration Program 

in the same Development Costs ratio as stipulated under that specific Collaboration 

Program.  

In general, the Lead Party for the Development Plan will continue to act as Lead 

Commercialization Party (LCP) for such Collaboration Program, that will act under an 

arranged commercial plan and budget.  

Regarding the Antibody Program instead, GSK will assume the role of Lead 

Commercialization Party for any Antibody Products and will be responsible for booking 

all sales of each of those Antibody Products. 

GKS will be responsible for each commercialization activities worldwide concerning 

each Collaboration Products. Moreover, it will put efforts to commercialize each 

Collaboration Products in United States, European Union, and United Kingdom following 

the local regulatory approvals. 

 

9.6 Opt-Out Right 

Both Parties will have the right, at each specified milestone (called “Opt-Out Points”), to 

exercise the Opt-Out of its obligation. The Party that wants to stop funding a specific 

Collaboration Product, shall continue to be liable for its allocation of costs. If a party 

decides to exercise its Opt-Out right outside a milestone, it will be forced to continue to 

co-fund the Development Costs until the next Opt-Out Point will occur.   
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In the scenario in which a Party decides to exercise its Opt-Out Right, the other Party will 

have the right to choose either to: 

▪ continue unilaterally the program, and substitute the sharing of future net profits with 

Royalties to Opt-Out Party, and a percentage of Sublicence Revenue from such 

Collaboration Product, 

▪ cease of founding such Collaboration Product. In this case there will be negotiations 

for the divestment of the specific Collaboration Product. Any costs and revenues 

arising from the out-license shall be share in the same ratio used for the costs of the 

related Development Program. 

 

9.7 Intellectual Property 

The ownership of the products developed under the Collaboration Program will follow 

the United States patent law. Based on the terms and conditions of the Collaboration 

Agreement: 

▪ VIR will grant to GSK: 

- A co-exclusive worldwide sublicensable license under the VIR 

Licensed Technology and VIR Program Technology to develop and 

manufacture products arising from the Collaboration Program; 

- An exclusive worldwide sublicensable license under the VIR Licensed 

Technology and VIR Program Technology to commercialize any 

products developed under the Collaboration Program. 

▪ GSK will grant to VIR: 

- A non-exclusive worldwide sublicensable license under the GSK 

Licensed Technology to develop and manufacture any Collaboration 

Products in accordance with the Collaboration Agreement; 

- A co-exclusive worldwide sublicensable license under the GSK 

Program Technology to develop and manufacture any product arising 

from this Collaboration Agreement. 
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10. Results Discussion 

 

Comparing the results (Table 15), it is evident how the traditional NPV method is 

completely unrealistic and biased for the valuation of the development of a drug, and 

consequently for the evaluation of a biotechnology company. The probabilities of trials' 

success are not considered to evaluate the Development NPV, and only the Average 

Quality revenue, as it is the most probable, is considered to calculate the 

Commercialisation NPV. By not considering all the possible outcomes the result is 

significantly lower compared to the other two methods. 

 
                                               Table 15 Final Results. 

By contrast, the other two methods give a more reliable present value. The risk adjusted 

NPV (RANPV) takes into consideration different revenue scenario, each one was 

corrected for its occurrence probability (Dog 10%, Below Average 10%, Average 60%, 

Above Average 10%, and Breakthrough 10%). Regarding the Development present 

value, the NPV is calculated for each stage of the R&D process (VIR-7831 stops at 

Preclinical trial, VIR-7831 stops at Clinical Phase I, and so on) and it is multiplied for the 

relative conditional probability that the current stage would be the end stage for VIR-

7831.  

The Lattice Model considers the same revenue assumptions by using the commercial 

NPV of the risk adjusted NPV method as the value of the asset (A) at time 0. As it has 

been already explained in the Methodology chapter, after computing all the asset values 

in the Lattice Model, those are solved back for the risk-neutral probability; the formula is 

then adjusted with the probability of success of each trial.  

The RANPV and the Lattice Model give two values that are bigger compared to the 

traditional NPV. The difference between those two values ($24,540 thousands) is the 

Flexibility Value. As in the Binomial Model it is included an option, that is the right to 

decide if proceeding with the next R&D phase or stopping the trials, there is an added 

value. By taking off this option value, the strategic NPV equals the Risk Adjusted NPV.  
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11. Conclusion 

 

Both models work, but some considerations have to be done. The Lattice Model is 

efficient if the candidate drug is at an early stage, but as it starts to be closer to the 

Regulator Review the values become less realistic. More specific information (not 

included in the Lattice Model inputs) will guarantee a more accurate result. Furthermore, 

the flexibility guaranteed by the option starts to lose meaning as the drug come closer to 

the market launch. After the Clinical Phase II success probabilities become more 

optimistic and the option loses value; moreover, from a more empirical point of view, 

that option would not be exercised anyway as too much time and money has already been 

spent, so it is not realistic that the project would be suddenly quit. By the contrary, the 

Risk Adjusted Net Present Value has a more pragmatic application; more accurate inputs 

increase the reliability of the results, consequently the result will be more accurate. 

As VIR-7831 does not reach the market yet, only time will tell us which model has given 

a more realistic result.  
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Annex A 

 

Traditional Net Present Value 

For computing the traditional NPV it  was decided to calculate separately two Net Present 

Values, the Development NPV and the Commercial NPV.  

To calculate the first one, it was built an investments time series (2.34 years) where all 

the cash flows (the expenses for each development phase) were corrected for an inflation 

rate of 2%. After that, all the cash outflows were discounted for the Development 

Nominal Discount Rate of 8.1% and the Pre-partnership Development NPV, $-390,765 

thousands, was obtained. The final Development Net Present Value, $-283,305 

thousands, was found by multiplying the result for the partnership ratio 72.5%. 

Regarding the Commercial NPV, it was assumed the average quality revenue as the 

unique one (due to its high probability). After correcting the future cash inflows (24 years) 

for an inflation rate of 2%, they were discounted for the Commercial Nominal Discount 

Rate of 11.2% and Pre-partnership Commercial NPV, $412,064 thousands, was obtained. 

The final Commercial NPV, $ 298,746 thousands, was calculated by multiplying the 

result for the partnership ratio 72.5%. 

The traditional NPV, $15,442 thousands, was obtained by subtracting the Development 

NPV to the Commercial one; no probabilities of success were used to correct the results 

(it was assumed 100% of success rate). 
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Annex B 

 

Risk Adjusted NPV 

For computing the Risk Adjusted NPV (also known as Expected NPV) it was decided to 

calculate separately two Net Present Values, the Development NPV and the Commercial 

NPV. As shown in the first table, it was computed the NPV for each development phase; 

for doing that the cash flows were first corrected for an inflation rate of 2% and then 

discounted for the Development Nominal Discount Rate of 8.1%. This procedure was 

done, in an incremental way, for each of the phases (from 1 to 6).   

 

Regarding the phase number 7 (the Approval), it was calculated the Commercial NPV for 

the revenue deriving from each drug quality (using the Commercial Nominal Discount 

rate of 11.2%). From the results was subtracted the Development NPV $283,305 

thousands (that is the NPV of FDA Filing as it includes all the previous development 

phases). The results, shown in the table below, were then multiplied for their relative 

occurrence probability and summed to each other (a sum of the products). The Expected 

NPV of Approval, $770,517 thousands, is so obtained.  

 

Lastly, a second sum of the products was done with the values of the first table, where 

each phase NPV was first multiplied for its relative Probability of End Point and then 

summed to the others. The Expected NPV (or RANPV) of $44,240 thousands was so 

obtained. 
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Annex C 

 

Binomial Option Pricing Model 

To replicate the Binomial Option Pricing Model the following inputs were calculated and 

used: 

 

Where 𝐴 and ℎ are respectively the discounted value of expected commercialization cash 

flow at time 0 and maximum discounted commercialization cash flow at time of the 

launch, both fount in the RANPV model. 

It was decided to use 0.08 as ∆t to have a model with thirteen interval, the same number 

of the months assumed for the development of VIR-7831.  

After the computation of the Monthly Value Tree, obtained by multiplying 𝐴 for 𝑢 and 

𝑑, the possible payoffs are calculated using the equation 14: 

𝑃𝑘 = Max[𝐸𝑘(𝜃𝑡) − 𝐷𝐶𝐹𝑡, 0] 

Where DCF are the Development Cash Flows corrected for the Development Nominal 

Discount Rate 8.1%.  

That becomes: 

𝑃𝑘 = Max[𝐸𝑘 ∗ (0.75) − 11,827 ,0] 

The payoffs were the rolled back for the risk neutral probabilities to find the option value 

𝑉0,0; it was used the equation 15: 

𝑉𝑡,𝑘 = 𝑀𝑎𝑥{[𝑉𝑡+1,𝑘𝑝 + 𝑉𝑡+1,𝑘+1(1 − 𝑝)]𝑒−𝑟√∆𝑡𝜃𝑡 − 𝐷𝐶𝐹𝑡 , 0} 
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For example, the equation to find 𝑉12,1 would be: 

𝑉12,1 = 𝑀𝑎𝑥{[716,742,674 ∗ 0.3132 + 251,387,426 ∗ 0.6268] ∗ 0.99863 ∗ 0.85 −

48,766, 0} = 360,760,946 

By applying the equation 15 to all the intervals, a Strategic Net Present Value of $68,780 

thousands was obtained. 

In the next page is possible to see the Binomial Option Pricing Model tables. 
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Annex D 

 

Vir Biotechnology Financial Statement 

 

 
                               Source: Bloomberg  
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