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Overview: 

The goal of this project is to predict the best performing stock among three biotech companies using Analytical Network Process (ANP) model.  The ANP is a general application of the Analytical Hierarchy Process (AHP), a theory of relative measurement using absolute scales of both tangible and intangible criteria founded on the judgment of people.  Similar to AHP, the ANP uses the influence of clusters and nodes located within the clusters but it also uses the interaction and dependence of among and within the clusters. By using additional interactions the ANP can solve more complex decision problems that can not be structured hierarchically or solved by AHP model.
The main concern about this theory has been the measurement of the intangible factors and how to integrate these factors in to a mathematical model. Since this theory recommend using expert opinions and compares intangible factors relatively (uses smaller element as a unit to estimate larger element) by using pair wise comparisons, it creates a new scale that it can measure and integrate intangible factors into the mathematical model. The ability of integrating intangible factors actually is the power of this theory.
This model will use Benefits, Opportunities, Costs and Risks (BOCR) analysis application of the ANP model. Since each decision has its own benefits, opportunities, costs and risks, each of them can be prioritized based on their own control criteria according to their importance to develop a powerful prediction model. 
I have tried to make this model as simple as possible and included only the very important factors that I thought influenced the model since this model can get very complicated. The model gets more powerful when all the factors with potential influence are incorporated to the model. However, it requires collaborations of experts in the field of choice and long period of time that is not possible for this project.  
Project is about financial market prediction and I have no expertise on finance or stock market but I have experience in drug manufacturing and familiar with the drug companies. Therefore, I have decided to predict the relative financial performance of several biotech companies. 
The Model Development:
In order to develop an efficient model, first step should be decide what factors would effect the model. Using internet websites such as Yahoo or Google finance, one can determine the contributors of the financial prediction. Next, one should analyze a potential investor’s mind and include factors influencing investors’ decision on investment. Finally, one should investigate each company in detail and get financial and social structure of the each company.  I am including social factors also because the ANP has the power of integrating intangible factors in the prediction process.

People generally invest to grow or appreciate the money they have to accomplish their short-term (emphasize current income) or long-term (substantial value increase over time) financial goals.  One of the important characteristics of an investor is their behavior towards uncertainty or risk. Some investors are risk-averse or reluctant to accept risk associated with more gain while some investors are risk tolerant that they like to invest on risky stocks for possible higher financial gain.  People can make short-term trading (active management) or long-term holding (buy and hold) with their stocks depending on their financial goals. There are also a growing number of socially responsible investors who wants to maximize both financial return and social good. Socially responsible investors can play an important role in our model since the company stocks analyzed in this model are biotech companies developing drugs for socially important complex diseases such as cancer and AIDS.
Stocks selected and company profiles:
Even though there is no limit in the number of companies selected in this model I have selected only three companies with different company strategies and product lines because I wanted to keep the model simple and understandable.  I taking the point of view of an investor, who decided to invest on biotechnology companies, prescreened the market and now trying to make a decision among these three biotech companies. Using this model, this investor will predict the best performing company and invest on that stock. 
In order to make an efficient prediction about these company stocks, each company’s current and planned financial data needs to be analyzed and compared to each other (source: Yahoo-finance and Google-finance web sites).
Amgen Inc. (NASDAQ:AMGN) is a global biotech company with $14.2 billion revenue has 22% R&D budget and employs 16,400 people in 24 international locations. Amgen develops products in the areas of cancer care, nephrology, inflammation and oncology. In different discovery phases (Phase I, II, III and in preclinical development), the company has twenty-three new drugs. Company made more than $250 million donations in 2006. Business Week ranked Amgen fourth on the S&P 500 for being the most "future-oriented" company and listed as one of the “World’s Most Innovative Companies”. Furthermore, Amgen selected in Fortune Magazines “America’s Most Admired Companies”.

Genentech Inc. (NASDAQ: DNA) with $9.2 billion revenue has 19% R&D budget and employs 10,645 people. Genentech develops drugs for oncology, immunology and tissue growth and repair with 50 new projects that would create new or enhanced solutions. Genentech have several manufacturing facilities in the US and makes strategic alliances with international companies. Genentech has made a total of $99 million charitable contribution in 2006. Fortune magazine selected Genzyme as one of the “100 Best Companies to Work for” in the US for the ninth consecutive year. It was named as one of the “100 best corporate citizens of 2005” by the Business Ethics Magazine and one of the “100 Best Companies for Working Mothers” in 2004, and 2006 by Working Mothers Magazine.
Genzyme Inc. (NASDAQ: GENZ) with $3.3 billion revenue has 17% R&D budget and employs more than 9000 people.  Areas of focus for Genzyme are; genetic diseases, renal diseases, orthopedics, transplant/immune diseases, oncology and genetics/diagnostics with 20 new products in development for new therapies. Genzyme manufacturing and genetic testing facilities spread over 30 countries. Company has made charitable product and cash contribution of $60 million in 2006. Fortune magazine selected Genzyme as one of the “100 Best Companies to Work for” in the US in 2006 and 2007. Unlike Amgen and Genentech, Genzyme specializes in developing and commercializing orphan drugs that would cure a very small percentage of the world’s population.  Genzyme charges extraordinary prices in order to recoup expenses from small patient populations but the company is well-respected for its ethics and corporate responsibility.  
Goal: Predict the best performing company/stock among three biotech companies using the ANP BOCR model.
BOCR Networks and Cluster Definitions:
Each network has its own control criteria and subsequent subnets which are composed of the alternatives of decisions and the clusters containing elements. First, priorities of each alternative are determined and weighed based on control criterion. Next, these results are multiplied by weights obtained from the rating model to obtain final result. For example, benefits network has two subnets of Economic and Social. Economic subnet has financial and infrastructure clusters containing cluster elements of product portfolio, financial performance, management effectiveness and locations and alliances respectively (Table 2 or Exhibit 1). The alternatives cluster appears in every decision subnet and it contains the names of the three companies that are selected for the analysis.
The alternatives are (in alphabetical order):

· Amgen

· Genentech

· Genzyme
Table 1: BOCR Networks

	Benefits
	Opportunities

	SOCIAL
	SOCIAL

	     Corporate Citizenship
	     Corporate Citizenship

	     Recognition
	     Recognition

	
	

	ECONOMIC
	ECONOMIC

	      Financial
	      Financial

	      Infrastructure
	      Infrastructure

	
	

	Costs
	Risks

	SOCIAL
	SOCIAL

	     Corporate Citizenship
	     Corporate Citizenship

	     Recognition
	     Recognition

	
	

	ECONOMIC
	ECONOMIC

	      Financial
	      Financial

	      Infrastructure
	      Infrastructure


Following tables explains each network with its components
Table 2: Benefits network
	BENEFITS

	ECONOMIC
	Criteria
	Description

	Financial
	Product Portfolio
	The more product the more possibility of income

	
	Financial Performance
	The better  financial performance, the more people invest on the stocks

	
	Management Effectiveness
	Effective management leads to better value creation

	Infrastructure
	Locations
	More locations provides benefits in many areas such as transportation, marketing of products etc

	
	Alliances
	Creating alliances even sometimes with competitors helps companies to further progress in the development and manufacturing of drugs

	SOCIAL  
	
	

	Corporate Citizenship
	Product Donations
	How much donations of company products are available to those who can not pay.

	
	Cash Donations
	How much charity to the community

	
	Grants-Scholarships
	Partnership with universities and institutions improves product development.

	Recognition
	Employee 
	How happy the employees? Ranking in FORTUNE’s“100 Best companies to work for” 

	
	Company
	How company is ranked among market? Admired, innovative, fastest growing etc.


Table 3: Opportunities network

	OPPORTUNITIES

	ECONOMIC
	Criteria
	Description

	Financial 
	Revolutionary Products
	If company can launch some of the innovative/revolutionary products to the market, company can get a huge market share and high profits (no competition). New products will generate high revenue.

	
	Financial Growth
	Company can financially grow very fast with the new products.

	Infrastructure
	Global Expansion
	Global expansion and entering the new markets may increase market share dramatically.

	
	Corporate Acquisition
	If company has the strategy on acquiring other companies to gain assets and know-how, company can launch new products faster than competitors which creates a competitive advantage.

	SOCIAL  
	
	

	Corporate 
Citizenship 
	Donations
	More contributions and better community relationship can be established.

	
	Grants-Scholarships
	Creating partnership with institutions to gain knowledge and access to academic community.

	Recognition
	Employee
	Improving employee conditions may increase work-place efficiency

	
	Company
	Becoming an admired company improves company image and attracts highly skilled employee.


Table 4: Costs network

	COSTS

	ECONOMIC
	Criteria
	Description

	Financial
	Product Portfolio
	The big product portfolio cost more time-money-labor.

	
	Financial Performance
	Financial performance may decline due to the size of product portfolio, investment cost for innovative (long-term) products.

	
	Market share
	Market share may decrease due to less money invested on enhancing current products. Acquired new companies may have company to enter new markets without prior experience.

	Infrastructure
	Locations
	More locations may provide barrier in communication. Cultural and political adaptation may become problem in international locations.

	
	Alliances
	Alliances may create conflict within the company. Integration problems are common in this industry.

	SOCIAL  
	
	

	Corporate Citizenship
	Product Donations
	Where to donate products sometimes becomes an important issue. International donations may end up in gray market and becomes very costly for the company.

	
	Cash Donations
	Which charity and how much? Unbalanced donations and ignoring some charities may cause friction and negative PR.

	
	Grants-Scholarships
	Requires long-term commitment but immediate financing. 

	Recognition
	Employee 
	It is  very expensive to be pioneer in this field

	
	Company
	Requires huge investment


Table 5: Risks network

	RISKS

	ECONOMIC
	Criteria
	Description

	Financial 
	Product Failure
	Success rate is low in product development. Many products may fail. Selection and number of products in pipelines influence the risk substantially.

	
	Financial Loss
	Financial loss on new products is highly possible.   

	
	Market Cannibalization
	New acquisitions and alliances may result in targeting same market, loss of market share

	Infrastructure
	Global Competition
	Entering international market may bring a strong global competition. Now, company has to compete with foreign companies.

	
	Integration Problem /Acquisition
	Serious integration problem due to acquisition is well-known fact in drug industry. 

	SOCIAL  
	
	

	Corporate 

Citizenship 
	Over Contributions
	Over expenditure/unbalanced contributions may change expectance of communities and charity organizations. Company expenditure may increase dramatically in short period of time.

	
	Time Loss due to partnerships
	Creating partnership with institutions is a slow process and company control over other institutions is minimal.

	Recognition
	Employee
	Investment on better work-place conditions may increase employee expectations, may even cause lower satisfaction and high turnover ratio.

	
	Company
	Over investing on growth. Time/money loss on innovative products. May get lower ranking instead of climbing up
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Opportunity Model
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Cost Model
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Risks Model
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STRATEGIC CRITERIA DEFINITIONS

Financial Structure: Key financial statistics such as PEG ratio (5 yr expected), price/sales, price/Book, profit margin, operating margin, return on assets, return on equity, Revenue, Revenue/Share, Earning Per Share (EPS), Total Debt/Equity, current ratio, Book value Per Share, Levered Free Cash, Earning Growth, and stock price history provide very valuable information to analyze the financial performance of a company. Combined with future strategy (planned product portfolio, market share, national or international expansion, planned acquisition of companies or alliances with competitors) financial data is critical information to predict future performance of any company or stock.
Revolutionary Product Line: In biotechnology industry, investing on revolutionary products is very risks but may create great opportunities. Due to the patent rights that last over fifteen years, launching even a single innovative/revolutionary product to the market may result in a huge market share and high profits for biotech companies. Unfortunately, this type of product development requires extraordinary money and time investment with a success rate of one out of twenty.
Corporate Citizenship: Growing number of socially responsible investors who want to maximize both financial return and social good has made intangible values like corporate citizenship very important. Socially responsible investors are very important for biotech companies since these companies focus on developing drugs for socially important complex diseases such as cancer and AIDS.  In addition company image, an invaluable marketing asset, is measured by the amount contribution to the society. Giving back to society in the forms of donations or scholarships is very important for companies and should be considered as a strategic criterion. 
Recognition: Another important intangible asset that affects the performance of a biotech company. In this industry one of the most important problems is finding and retaining skilled employees.  For example, all biotech companies analyzed in this model employs thousands of medical doctors, PhDs and highly educated and trained individuals.  Since there are limited number of qualified individual available, finding and keeping these employees have always been a critical issue for biotech companies. They invest huge amount of money to be ranked in business listings such as “100 Best Companies to work for” or “World’s Most Innovative Companies” or “World’s most admired companies” etc to get recognized and attract potential qualified employee. Recognition also helps companies to create good public image and marketing strategies.
Rating Model: Following tables describe how the rating model was developed.
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Final Result: As can be seen following figure, this model predicts that best performing (the highest positive result) company or stock will be Genentech and the worst performing stock will be Amgen (the highest negative result). Genzyme will be in the second place with a reasonable performance value. 
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Conclusion:

If I did not run this model and predict the performances of these stocks I may have guessed Genentech as the best option but my choice for second place probably would be Amgen considering its investment on new products. However, guessing does not include all the factors such as risks associated with those new products and one can not make a detailed comparison of each company. This model clearly indicates that Amgen would be the worst performer by far that shows I think the value of using the ANP BOCR model.

Sensitivity Analysis: 
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Exhibit 1:  Top level Network
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Exhibit 2:  Benefits Sub-Network
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Exhibit 3: Economic Benefits Sub-Network
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Exhibit 4: Social Benefits Sub-Network

[image: image24.png][8 subnet under Benefi Social

Fle Design AssessjCompare Computations  Networks  Help

BRSZ  Acscbassy D

=lolx|

| Altematives (=T

=

1Amgen

ZGenemechI
3eenzyme|

Recogition

Corporate Citizenship M=

= =
Product Donations I El Exiploges I
Cast Damtmnsl — Campanyl
Grants-Scholarships I .
AN}

i |

[ ]

5T





Exhibit 5:  Opportunities Sub-Network
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Exhibit 6: Economic  Opportunities Sub-Network
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Exhibit 7: Social Opportunities Sub-Network
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Exhibit 8:  Costs Sub-Network
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Exhibit 9: Economic Costs Sub-Network
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Exhibit 10: Social Costs Sub-Network
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Exhibit 11:  Risks Sub-Network
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Exhibit 12: Economic Risks Sub-Network
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Exhibit 13: Social Risks Sub-Network
[image: image33.png][Bsubnet under Risks -> Social -[o) x|
File Design Assess/Compare Computations Networks Help

BHSL  Avachaasym D

Alternatives o [= [P

=
1Amgen
2Genentech
3eenzyme|
S

] ComponteCititip _=|0|x
2| (= Recogrition

Over Camnh\mnnl
Ennplayee I
Tize Loss due to partaeships I
Compeny

L]





Genentech and Genzyme currently have better financial structure than Amgen which confirms this result.





Genentech is No: 2 and Genzyme is No: 43 in FORTUNE’s“100 Best companies to work for” list while Amgen could not make the list in last3 years that it is not surprising Amgen has the lowest ranking in social subnet of benefits network.





Considering economic and social structure of these companies overall synthesized priorities reflects the current situations of these companies.





Even though in benefit network Genzyme ranked No: 2 in economic subnet of opportunities section Genzyme ranked last behind the Amgen. I think the main reason for that is Amgen’s aggressive R&D investment over revolutionary products and acquisition of several drug companies to gain competitive advantage over competitors.  Conservative strategy of Genzyme over developing only orphan drugs and not expanding its product line may also have been played role in this result.





It was obvious for Amgen executives that they were behind of other biotech companies in corporate citizenship and recognition. These are very important values in biotech industry that helps to attract and retain top-notch scientists and employees. Thus, Amgen’s future strategy involved a significant increase in social budget. For this reason, it was expected that Amgen would lead in this subnet over other two firms that kept same level of budget on social values.





Due to the significant increase on R&D and social budgets of Amgen improved its No: 3 overall ranking on Benefit network to No: 2 overall ranking in opportunities network. However, excellent financial structure, strong product pipeline and continuing increase in social values have helped Genentech to keep No: 1 spot in opportunities section also.





A big product portfolio containing many early development stage products requires significant amount of financial burden for Amgen. Amgen’s financial performance indicators such as profitability, return on investment, earnings per share do not present a good picture. In addition, its aggressive company acquirement strategy has been very costly. Among these biotech companies, Genzyme has made the lowest budget increase in R&D that resulted the lowest ranking for Genzyme in economic subnet of cost network.





Again, Amgen has the lowest ranking in social values that may become costly for this company. In addition, among these biotech companies, Amgen makes the biggest contribution to grants and scholarships that require long-term commitment but immediate financing. Due to its previous unbalanced investments on social values has worsened the company image while both Genentech and Genzyme with successful cash and product donations improved their company image to the highest levels.





As expected from the discussions on economic and social subnets of the cost network, overall synthesis suggest that Amgen has the highest cost values in comparison to Genentech and Genzyme.








Having a mediocre financial structure and social standing, Amgen has considerably increased its R&D and social budget. However, by investing on a number of new revolutionary products Amgen has taken a considerably high risk. These new products would generate revenues only if they pass long and rigorous development stages. Moreover acquiring new companies to fasten the development time sometimes can slow down the process due to integration and communication problems. Genzyme with the lowest risk investments ranked lowest in this section as it was in that of cost network.





Amgen’s increased budget over social contribution can improve company image but it may take longer than it was planned. Amgen has increased its contribution towards grants and scholarships which is more risky than cash or product donations because culture of universities very different than industry and sometimes it slows down the progress towards drug development. For example, academic scientists aim to publish their data and love to be acknowledged by their peers while industry prefers to keep developments in secret and gain competitive advantage. Amgen’s control over the academic research is minimal that may create friction sometimes. Since Genentech has always been ranked top in social values, this company has traditionally has been investing corporate citizenship and recognition that has raised the expectations of its employees and community. Thus, high expectations from Genentech may lead to lower satisfaction and deteriorating company image.   





As expected from the discussions on economic and social subnets of the risk network, overall synthesis suggest that Amgen has the highest risk in comparison to Genentech and Genzyme.








Benefits: if the importance of benefits is less than 24% Amgen is the best alternative. If the importance of benefits is more than 24% Genentech is the best alternative.








Opportunities: if the importance of opportunities is less than 34% Amgen is the best alternative. If the importance of benefits is more than 34% Genentech is the best alternative. 








Costs: if the importance of cost is less than 11% Genentech has the highest cost and the costliest alternative. If the importance of cost is more than 11%, then Amgen has the highest cost value and the costliest alternative.








Risks: if the importance of risk is less than 12% Genentech has the highest risk and the riskiest alternative. If the importance of risk is more than 12%, then Amgen has the highest risk value and the riskiest alternative.
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