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ABSTRACT
Market analysis was performed for about 70 currently available prescription drugs.  The analysis is focused on market segmentation and demand elasticity of the drug products.  Other factors such as product life cycle, competition, costs and barriers to product development are also analyzed.  A promising drug product should be in the popular therapeutic classes of cardiovascular, central nervous system, alimentary tract and metabolic, anti-infective and anti-viral, respiratory, and oncologics (with some exceptions), possess inelastic demand and long life cycles, have little competition (or high degree of resistance to competition) and be cost effective.  The barriers to product development should be reasonable.  The analysis shows that the generic drug business is in a high growth period due to the patent expiration of many branded drugs and the increasing difficulty and expenses to discover new medicines.  Finally, drug prices are affected by some unique external factors such as patent protection, government regulations, physicians’ prescriptions, and insurance coverage, which make the pharmaceutical industry relatively profitable compared to the others.

INTRODUCTION
According to marketing theories, a company that wants to market a successful product should do the following analysis:  (1) divide the market into different segments or groups of buyers who require separate products; (2) identify one or more attractive segments to enter; and (3) position the product in the competitive market environment.  Segmentation of the pharmaceutical market is typically based on therapeutic uses and type of products distinguished by patent protection (brand name vs. generic name).  When evaluating a product, many important factors need to be considered, among which are market demand, product life cycle, competition, costs and development barriers.  This paper discusses the analysis of about 70 currently available prescription drugs using the above-mentioned approaches to identify the more promising products for development and marketing.  Unlike other consumer products, drug sales are affected by external forces such as government regulations, physicians’ prescriptions, and insurance coverage.  Therefore, the demand and supply for drugs don’t always follow conventional economics (Scott et. al. 2001, Danzon 1999), which will also be discussed in this paper.

BRAND NAME PRESCRIPTION DRUGS
Brand name prescription drugs are those new medical agents which are patented and possess marketing exclusivity during the time period when the patents are in effect (about 20 years from discovery and 7-13 years from commercialization).  Companies that develop successful patented drugs are usually rewarded very well during the patent protection period.  However, these companies also incur very high research and development and marketing costs as well as the associated risk of failure.  
It was reported that the top therapeutic classes by sales are cardiovascular, central nervous system, alimentary tract and metabolic, anti-invectives and anti-viral, respiratory, and oncologics.  These therapeutic classes have an annual growth rate of 3 to 14% (Glaxo SmithKline 2006, PHARM EXEC 2008).  Therefore, it is logical to believe there will be demand for the drugs that treat theses diseases.  Table 1 shows the drugs whose annual sales exceed 2 billion dollars in 2008 along with the diseases they treat.  All of them fall into the therapeutic classes mentioned above.  One may come to a conclusion that it is a good idea to develop and market drugs in these therapeutic areas.  However, there are also drugs that are in these therapeutic areas which have much smaller sales.  Table 2 shows the drugs whose annual sales are about or less than 200 million dollars in 2008 and the diseases they treat.  Many of these drugs are in the top therapeutic classes except ALLEGRA-D 24 HOUR, PREMPRO, TRUSOPT, and ORTHO EVRA 1.  Hence, the sales volume of drugs is also affected by other factors such as efficacy and the age of the products as well as the demand of the responding sub-population of patients.
GENERIC PRESCRIPTION DRUGS
When the patents of branded drugs expire, companies that specialize in dosage form development instead of medical research are allowed to manufacture and market a bioequivalent version of the branded drugs at a lower cost.  This type of products is often referred to as a generic drug.  The cost is lower because there are no basic research and full blown clinical trials needed to make generics.  Table 3 lists 19 common generic drugs of varying sales.  Among them, SIMVASTATIN, LEVOTHYROXINE, LEVOTHYROXINE, AMOXICILLIN, AZITHROMYCIN, ATENOLOL, ALPRAZOLAM, FUROSEMIDE are the most prescribed generic drugs (> 35 million) in 2007 (Verispan VONA 2007).  Again, most of the drugs listed in the table fall in the top therapeutic classes except LEVOTHYROXINE, FUROSEMIDE, METOLAZONE, and CILOSTAZOL.  Compared to branded drugs, the sales of generic drugs are much lower by dollar since there are multiple companies that can manufacturer the same drugs at lower cost than brand companies.  On one hand, the generic companies create competition for the brand companies which in turn often generate litigation processes.  On the other hand, the development of generic drugs benefits the general public by lowering health care cost and provides stimulus for the brand companies to invent more new medicines.  There is a general perception that the profit margin for generic companies is low because of more competition.  A recent survey reports that the generic market is growing at a double digit percentage, compared to a single digit total market growth (PHARM EXEC 2008).  This growth is due to the patent expiration of many branded drugs, and the increasing difficulty and expense to discover new medicines.  We will discuss this phenomenon in later sections using the example drugs.
PRICE ELASTICITY
To make a sound estimate of the market potential of a product takes more than simply reading its sales figures.  Marketing strategists like to use price elasticity to measure the sensitivity of demand to change in price.  Price elasticity is obtained by constructing a demand curve to illustrate the relationship between prices and quantity sold (or revenue).  Demand curves are typically downward-sloping; demand would go up if prices were lowered and vice versa in a pure competition market.  Demand curve may be elastic or inelastic.  Demand is elastic when the slope of the demand curve is negative, while the demand is inelastic when the slope is positive.  Inelasticity usually occurs when the seller has little competition in the market or the product is prestigious.  To demonstrate these two scenarios, the demand curves of two drug products are plotted in Figure 1 and Figure 2.  Figure 1 shows the total sales of LIPITOR as a function of unit price during the period of 2005 to 2008.  This demand curve is downward-sloping, suggesting the best selling prescription drug is facing some competition after many years of profitability.  The competition comes from other branded products rather than a generic product because LIPITOR’s patent is still in effect.  It is also possible that the market ($8 Billions) has been saturated and there is little room for further growth.  Since the demand for LIPITOR is elastic, lower prices may boost its sales.  Figure 2 shows the demand curve of a newer cholesterol drug VYTORIN.  This curve is upward-sloping indicating the demand for VYTORIN is inelastic, and there is room for further price increase, assuming it is better than other peer drugs.  Rapid growth in sale is usually seen in young products such as VYTORIN, and this life cycle phenomenon will be discussed in detail later.
The elasticity factors (slope of the demand curves) of the selected drugs listed in Table 1 to Table 3 are calculated by the same method and are shown in Table 4 to Table 6.  The data in the tables indicate that the demands for branded drugs that have large sales are mostly inelastic; on the contrary, the demands for branded drugs that have smaller sales are mostly elastic.  The generic drugs show surprising inelastic demands, as indicated by the positive elasticity factors for most of them, and there is a trend that the drugs with bigger sales are more inelastic than the smaller drugs.  The average value of the elasticity factors for generic drugs are even greater than that of the blockbuster branded drugs listed in Table 1, which have monopolistic marketing rights.  This confirms that the generic drug business is in a high growth period.  It is noted that decrease in sales does not always correspond to negative elasticity factors, nor increase in sales always translates to positive elasticity factors.  For example, the sales of ARANESP and many generic drugs listed in Table 3 decrease from 2006 to 2008, but the demands are inelastic because the total number of units produced also decrease in the same period.  The sales of MICARDIS and HYDROMORPHONE increases from 2006 to 2008, however the demands are elastic because too many units have to be sold to generate the revenue.  
As mentioned previously, there are expiration dates for the new drug patents.  Generic companies always want to be the first to file for product approval after patent expiry because there is a government incentive that gives the first filer a marking exclusivity for six months when the price is usually higher.  So let’s take a look at those branded drugs that will turn generic in 2008 and 2009 (Generic Pharmaceutical Association) which are listed in Table 7.  Some of these drugs have been analyzed earlier and are repeated in this analysis.  Eighteen out of twenty-three drugs belong to the most popular therapeutic classes, and the majority show elastic demands (positively slopping demand curves).  Therefore, most of these drugs are good candidates for generic product development.  As shown in the same table, there are drugs that are quite favorable for price increases despite the fact that they do not treat the most common diseases.  This is possibly due to little competition in these special areas.  Companies that are capable of producing these products are encouraged to do so.       
Based on the above analysis, we should develop those drug products that are in high demand (inelastic) to maximize profitability.  Besides analyzing demand elasticity, companies should also evaluate the size of the market relative to their own production capacity (and costs).  If the market is small, it will be easy to feel the competition effect even the demand is inelastic.  On the contrary, reasonable profits can still be generated from products that show elastic demand if the market is large.  Additionally, price reduction may improve sales if the demand curves are elastic.  But at some point, when profits become too small, companies should consider licensing these products to someone else or discontinue them.  There may be some drugs that are efficacious but do not sell well because they treat rare diseases.  In these cases, companies should recommend that the government provide appropriate subsidies to keep them on the market.
In one of her reports, Danzon stated that the demand for drugs is likely to be more inelastic than the demand for other consumer goods because of the essential nature of the products, less competition (due to patent protection), insurance coverage, and the fact that physicians’ prescribing decisions are often not influenced by the prices of the drugs (Danzon 1999).  Pharmaceutical companies and governments also negotiate prices for certain social and military programs, which are mutually beneficial.  The result of our price analysis of the example drugs is consistent with her view. 
PRODUCT LIFE CYCLE
After a product is launched, it will go through a life cycle consisting of four stages: introduction, growth, maturity and decline.  During the introduction stage, profits are low because of low sales and high marketing expenses.  During the growth stage, profits increase as sales climb and marketing costs are spread over a large volume.  When competition intensifies and the rate of sales growth peaks, the product enters the maturity stage.  Finally, the product enters decline stage when the sales drop.  Pharmaceutical products also go through similar cycles despite the advantage over other consumer goods.  Figure 3 shows the price elasticity factors of the branded drugs as a function of their age since launch.  As we can see, there are two groups of life cycle patterns.  The blockbuster drugs seem to reach peak sales between 4 to 10 years, and then decline rapidly.  The smaller drugs miss the rapid growth stage, while two of them (MARINOL and HUMULIN R) remain profitable even after twenty years.  One may argue that the first group is better than the second in term of profitability.  However, drugs like MARINOL and HUMULIN R are not poor performers if we consider the extra number of years they survive in the market.  As suggested by the R2 values and correlation coefficients of the linear regression, this analysis is not very precise because we are plotting different drugs that reach peak sale earlier or later, and this may skew the trend lines.  Nevertheless, we can still make a qualitative comparison of the two groups.
As mentioned earlier, an important milestone of the life cycle of a drug is the patent expiry when the development of a generic drug becomes feasible.  Brand companies usually reduce production or slowly phase out the products if profits are too low.  Therefore, we analyze the generic drug sale and time relationship separately from the branded drugs.  Figure 4 shows the price elasticity factors of the generic drugs listed in Table 3 as a function of years on the market.  The data seem to show that the demand elasticity of generic drug is relatively independent of time as reflected by the flatness of the trend line.  Again, the data is too scattered to draw a statistical conclusion.  It may be more useful to look at each data point individually in comparison to the mean value.
GENERIC COMPETITION
According to data published by the Food and Drug Administration, retail prices of generic drugs decline from 90% to 20% of brand prices when the number of manufacturers increases from 1 to 8  (Robert Lionberger 2005).  This is generally true; however, different products have different tolerability against competition.  Figure 5 shows the elasticity factors of the example generic drugs as a function of number of manufacturers.  The manufacturer information is obtained from the web-site of the Food and Drug Administration for generic drug approvals (Drug@FDA).  The data suggest that some drugs such as SIMVASTATIN, LISINOPRIL, AMOXICILLIN, ATENOLOL, and HYDROCODONE can maintain high demand even when the number of manufacturers increases to above 10.  Of course, the sale price for these drugs would still be higher if there are fewer manufacturers.  Unfortunately, we do not have enough data to demonstrate them individually.
COSTS AND PROFIT               
Up to this point, we have not discussed the costs for commercializing a drug in detail except for the comparison between brand and generic names and the changes of profit during product life cycles.  This is due to the fact that cost varies substantially among different drug products and companies for which we have limited data.  Some common factors influencing costs are labor, equipment and materials, facility, advertising, and distribution.  A general pricing method that many companies use adds a standard markup to the cost of the product so that they at least break even.  The length of time during which the product is profitable should also be taken into account.  Other pricing methods that are not based on costs can be used for various purposes such as to maximize profit, gain market share or product quality leadership, maintain customer loyalty, prevent competition and seek survival.
BARRIERS TO PRODUCT DEVELOPMENT
Finally, companies should avoid certain barriers which can hinder the timely development of successful products such as unfeasible technologies, supply restriction (Thalidomide), product issues (Acitretin) and special regulatory requirements (Conjugated Estrogen).  The drugs given in parentheses are examples to demonstrate these barriers.  
CONCLUSIONS
Market analysis was performed for about 70 currently available prescription drugs.  The analysis is focused on market segmentation and demand elasticity of the drug products.  Other factors such as product life cycle, competition, costs and barriers to product development are also analyzed.  A promising drug product should treat the most popular diseases (with some exceptions), be in high demand, possess long life cycles, have little competition (or high degree of resistance to competition) and be cost effective.  The barriers to product development should be reasonably low to overcome.  To summarize, the following equation can approximate the value of a potential product.
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Where V is value of the product, M is market size, P is profitability (price - costs), LC is product life cycle, B is barrier to product development, and C is competition.  The patent factor can also be included in the equation and its placement as a nominator or a denominator will be opposite for branded products and generic products.  Finally, drug prices are affected by some unique external factors such as patent protection, government regulations, physicians’ prescriptions, and insurance coverage, which make the pharmaceutical industry relatively profitable compared to the others.
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Table 1:
Brand name prescription drugs with sales exceeding 2 billion dollars in 2008
	Product Name
	2006 Sales (M $)
	2007 Sales (M $)
	2008 Sales (M $)
	Primary Disease

	LIPITOR
	8598
	8444
	7912
	Cholesterol

	NEXIUM
	4,791
	5,299
	5,730
	Gastrointestinal Disorders

	PLAVIX
	3,785
	2,732
	4,536
	Thrombotic Events

	ADVAIR DISKUS
	3,797
	4,144
	4,320
	Asthma

	SEROQUEL
	2,844
	3,221
	3,699
	Schizophrenia

	SINGULAIR
	2,774
	3,261
	3,487
	Asthma

	ENBREL
	2,930
	3,283
	3,442
	Rheumatoid arthritis

	PREVACID
	3,734,361
	3,504
	3,242
	Gastrointestinal Disorders

	ACTOS
	2,423
	2,755
	3,090
	Diabetes

	EFFEXOR XR
	2,570,675
	2,765
	2,988
	Depression

	RISPERDAL
	2,388
	2,618
	2,742
	Schizophrenia

	LEXAPRO
	2,264
	2,548
	2,717
	Depression and Anxiety

	ABILIFY
	1,739
	2,173
	2,654
	Schizophrenia and Bipolar Disorder

	ZYPREXA
	2,432
	2,429
	2,452
	Schizophrenia

	ARANESP
	3,353
	3,955
	2,589
	Anemia

	LAMICTAL
	1,477
	1,892
	2,379
	Epilesy

	VYTORIN
	1,433
	2,218
	2,376
	Cholesterol

	TOPAMAX
	1,658
	1,979
	2,315
	Seizures

	CYMBALTA
	926
	1,625
	2,234
	Depression

	
	
	
	
	


Table 2:
Brand name prescription drugs with sales about or less than 200 million dollars in 2008

	Product Name
	2006 Sales (M $)
	2007 Sales (M $)
	2008 Sales (M $)
	Primary Disease

	ENABLEX            
	80
	154
	205
	Overactive bladder

	MARINOL            
	168
	190
	194
	Anorexia, Nausea and Vomiting

	MICARDIS           
	122
	146
	170
	Hypertension

	AVINZA             
	178
	169
	170
	Pain

	ALLEGRA-D 24 HOUR
	98
	148
	169
	Allergy

	PREMPRO           
	89
	86
	87
	Menopause Symptoms

	SONATA             
	110
	102
	84
	Insomnia

	FAMVIR             
	176
	199
	71
	Herpes Virus

	ZERIT             
	113
	82
	60
	HIV

	XENICAL            
	91
	90
	57
	Obesity

	TRUSOPT            
	45
	47
	47
	Glaucoma

	ACULAR             
	50
	44
	43
	Eye Pain

	HUMULIN R         
	9
	13
	20
	Diabetes



	GLYSET             
	9
	8
	8
	Diabetes

	ZYPREXA INTRAMUSCU
	6
	7
	8
	Schizophrenia and Bipolar Disorder

	ORTHO EVRA 1       
	2
	1
	3
	Contraceptive Patch

	
	
	
	
	


Table 3:
Examples of commonly prescribed generic drugs with varying sales
	Product Name
	2006 Sales (M $)
	2007 Sales (M $)
	2008 Sales (M $)
	Primary Disease

	SIMVASTATIN
	6,330
	5,172
	3,106
	Cholesterol

	BUPROPION
	2,390
	2,495
	2,032
	Depression

	LEVOTHYROXINE
	1,061
	1,008
	965
	Hypothyroidism

	HYDROCODONE
	845
	879
	923
	Cough

	AMOXICILLIN
	1,163
	1,099
	817
	Infection

	AZITHROMYCIN
	1,770
	1,213
	781
	Infection

	LISINOPRIL
	595
	396
	287
	Hypertension

	ALPRAZOLAM
	252
	209
	194
	Anxiety

	CYANOCOBALAMIN
	182
	176
	169
	Vitamin B12 Deficiency

	HYDROMORPHONE
	126
	140
	142
	Pain

	ATENOLOL
	153
	115
	103
	Myocardial Infarction

	POLYMYXIN B
	101
	93
	81
	Infection

	FUROSEMIDE
	85
	76
	63
	Edema and Hypertension

	IMIPRAMINE
	49
	55
	59
	Depression

	METOLAZONE
	44
	35
	28
	Diuretic, Salurectic and Hyhertension



	CILOSTAZOL
	56
	35
	25
	Intermittent Claudication



	TAMOXIFEN
	46
	21
	18
	Cancer

	CLORAZEPATE
	26
	19
	16
	Anxiety

	INDAPAMIDE
	5
	4
	3
	Hypertension

	
	
	
	
	


Figure 1:
Total sales of LIPITOR as a function of unit price from 2005 to 2008
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Figure 2:
Total sales of VYTORIN as a function of unit price from 2005 to 2008
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Table 4:
Elasticity factors (slope of the demand curves) of branded drugs in Table1

	Product Name
	Elasticity Factor

	LIPITOR
	-2135453

	ADVAIR DISKUS
	1205413

	NEXIUM
	4793396

	PLAVIX
	6253673

	SINGULAIR
	2564955

	SEROQUEL
	859106

	PREVACID
	-830194

	ACTOS
	1650524

	EFFEXOR XR
	823641

	RISPERDAL
	429699

	LEXAPRO
	1431592

	ABILIFY
	569293

	ZYPREXA
	12429

	ENBREL
	9397

	ARANESP
	13605

	LAMICTAL
	1233829

	VYTORIN
	4746632

	TOPAMAX
	972178

	CYMBALTA
	3463127

	Average
	1477202


Table 5:
Elasticity factors (slope of the demand curves) of branded drugs in Table 2

	Product Name
	Elasticity Factor

	ENABLEX            
	232559

	MARINOL            
	14205

	MICARDIS           
	-670386

	AVINZA             
	-7611

	ALLEGRA-D 24 HOUR
	168114

	PREMPRO           
	-7017

	SONATA             
	-54837

	FAMVIR             
	-63957

	ZERIT             
	-153622

	XENICAL            
	-58956

	TRUSOPT            
	874

	ACULAR             
	-4813

	HUMULIN R         
	9584

	GLYSET             
	-13012

	ZYPREXA INTRAMUSCU
	870

	ORTHO EVRA 1       
	118

	Average
	-37993


Table 6:
Elasticity factors (slope of the demand curves) of generic drugs in Table 3

	Product Name
	Elasticity Factor

	SIMVASTATIN
	1675471

	BUPROPION
	1629291

	LEVOTHYROXINE
	2903553

	HYDROCODONE
	8780961

	AMOXICILLIN
	6829377

	AZITHROMYCIN
	580039

	LISINOPRIL
	3519567

	ALPRAZOLAM
	1911954

	CYANOCOBALAMIN
	-368243

	HYDROMORPHONE
	-248808

	ATENOLOL
	3072894

	POLYMYXIN B
	235345

	FUROSEMIDE
	2625667

	IMIPRAMINE
	81706

	METOLAZONE
	91069

	CILOSTAZOL
	125094

	TAMOXIFEN
	159345

	CLORAZEPATE
	122134

	INDAPAMIDE
	140343

	Average
	1782461


Table 7:
Drugs that Lose Patent Protection in 2008 and 2009

	Product Name
	2008 Sales (M $)
	Elasticity Factor
	Primary Disease

	EFFEXOR XR
	2988
	823641
	Depression

	RISPERDAL
	2742
	429699
	Schizophrenia

	LAMICTAL
	2379
	1233829
	Epilesy

	TOPAMAX
	2315
	972178
	Seizures

	FOSAMAX           
	1253
	824862
	Osteoporosis

	PROGRAF           
	881
	707556
	Organ Rejection

	DEPAKOTE           
	821
	83782
	Epilesy

	CAMPTOSAR         
	401
	52289
	Colon and Rectum Cancer

	SONATA             
	84
	-54837
	Insomnia

	ZERIT             
	60
	-153622
	HIV

	TRUSOPT            
	47
	874
	Glaucoma

	PREVACID
	3242
	-830194
	Gastrointestinal Disorders

	VALTREX           
	1756
	536789
	Herpes

	FLOMAX             
	1486
	1304667
	Prostatic Hyperplasia

	IMITREX           
	1347
	48288
	Migraine

	KEPPRA            
	1195
	1664253
	Epilesy

	CELLCEPT         
	980
	348073
	Organ Rejection

	AVANDIA           
	811
	-2952204
	Diabetes

	ARIMIDEX          
	730
	148929
	Breast Cancer

	AVELOX            
	480
	165179
	Antibiotic

	XENICAL            
	57
	-58956
	Obesity

	ACULAR             
	43
	-4813
	Eye Pain

	GLYSET             
	8
	-13012
	Diabetes

	
	
	
	


Figure 3:
Demand elasticity of branded drugs as a function of years on market
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Figure 4:
Demand elasticity of generic drugs as a function of years on market
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Figure 5:  Demand elasticity of the example generic drugs as a function of number of manufacturers
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