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1.  Introduction and Summary

At the core of a defense against the notion that high prices on medicines are unreasonable, is the claim that high prices are necessary to finance R&D on new products, and that the benefits of such innovation outweigh the social costs of reduced access to medicines.  In some for a, Norvartis implies that its costs of development for Glivec where high, pointing to studies such as the industry promoted Tuft's study of drug development costs.  In fact, to the degree that the Tufts study is relevant, it is evidence that that the costs of Glivec are below industry norms.  The Tufts study is based upon a number of assumptions that are not true in the case of Glivec.  

	Cost Factor
	Tufts
	Glivec

	Availability of Orphan Drug Tax Credit to defray 50 percent of costs of clinical trials


	Generally No
	Yes

	Size of Clinical Trials
	5,303
	1,027 patients cited in FDA approval letter.  (Note the average number of patients cited by FDA for NME approvals was 2,667 from 1995 to 1999, 260 percent of the number of patients cited in the Glivec approval.)



	Role of public sector support for pre-clinical R&D
	Self-originated
	Support from National Cancer Institute, Leukemia and Lymphoma Society and Oregon Health and Science University



	Accelerated Approval
	Generally No
	Yes



	Average time between first human use clinical trial and FDA approval
	7.5 years
	The first clinical trial of Glivec began on June 1998.  The product was approved for marketing on May 20, 2001, less than three years later


In brief, Glivec benefited from US government and other non-profit support for pre-clinical work, and Glivec clinical trials were smaller, and quicker, than the trials reported by the Tufts study, and they received a tax credit that defrayed 50 percent of the cost of the trial.

2. The Tufts Study

The Tufts report placed the cost of bringing a new drug to market at $802 million.
  This estimate includes the average cost of both pre-clinical and clinical studies, up to the time of receiving FDA marketing approval.  "Out-of-pocket" costs on individual projects are included, as are allowances for failed projects, and the opportunity cost of capital.   Roughly half the total -- $399 million -- was allocated to the opportunity cost of capital.  These costs are highly sensitive to the time to market.    The "out-of-pocket" costs were based upon an average of 5,303 patients in clinical trials.

The authors of the Tufts study were Joseph A. DiMasi of Tufts, Ronald W. Hansen of the University of Rochester, and Henry G. Grabowski of Duke University.  
The Tufts Study estimates of the costs of Pre-clinical, human-use Phase I, II and III clinical trials and long-term animal trials are summarized in Table RND 2.1-1.

Table RND 2.1-1: Tufts study estimate of costs of development of self-originated New Chemical Entity
	
	Out of pocket cost of trials
	Probability of product entering the Phase to receive FDA approval
	Cost adjusted for risk of failures
	Cost adjusted for risk, and capital costs at 11 percent real return

	Pre Clinical
	
	
	$ 121.0
	$ 335.0

	
	
	
	
	

	Clinical
	
	
	
	

	    Phase I
	$  15.2
	.215
	$  70.7
	$ 141.4

	    Phase II
	$  23.5
	.303
	$  77.6
	$ 139.7

	    Phase III
	$  86.3
	.685
	$ 126.0
	$ 163.9

	Total human use clinical trials
	$ 125.0
	
	$ 281.9
	$ 444.9

	   
	
	
	
	

	Animal Studies
	$ 5.2
	.685
	$  7.60
	$ 13.7

	
	
	
	
	

	Total pre-clinical and clinical costs
	$ 402.9
	$ 793.7


Source:  Joseph A. DiMasi, Ronald W. Hansen, Henry G. Grabowski, "The price of innovation: new estimates of drug development costs," Journal of Health Economics 22 (2003) 151–185.
The key points of the Tufts estimates are as follows:

1. Every product is assumed to be self-originated new chemical entities, with negligible benefits from government funding sources. 

2. The approximate time from the first pre-clinical research to approval is 12 years.

3. The entire estimate is driven by the data for clinical costs.

4. The average size of human-use clinical trials (Phase I, II and III) in the sample is 5,303. 

5. The survey respondents claim that the average per-patient cost of clinical trials is $23,572.  ($83,902 when risk and capital costs are added).
6. The average time from synthesis of a compound to initial human testing for self-originated drugs was 4.33 years.
7. The approximate the lag time between pre-clinical and clinical expenditures for a representative new drug was approximately 5 years.
8. The time between the start of clinical testing to marketing approval was estimated to be 7.5 years. 

9. The overall probability of success for products entering Phase I clinical trials was .215, for phase II .303, and for Phase III trials .685.  

10. With an 11 percent real return,  the opportunity cost of capital is captured with a multiplier of 2.0 for phase I trials, 1.8 for phase II trials, 1.3 for phase III trials, 1.8 for long-term animal studies, and 2.77 for pre-clinical research.

11. Pre-clinical costs are always assumed to be 30 percent of the total risk-adjusted outlays, which come to about 43 percent of outlays on clinical trials.

12. In US dollar terms, pre-clinical outlays are $121 million before capital costs and $335 million after capital costs.

13. The average cost of pre-approval human use clinical trials (Phase I, II and III) are estimated to $125 million in cash outlays for a project that is approved, or $282 million when adjusted for the risk of failures, $445 million when the both risk and the opportunity cost of capital are added.

As is evident from Table RND 2.1- 1, the Tufts study adjustments for risk and the cost of capital are quite important.  This is most evident from the Phase I costs, which are reported as $15.2 million out-of-pocket, $70.7 million when adjusted for the risk of failure, and $141.4 million when adjusted both for risk and the cost of capital.  There is considerable confusion among many policy makers and journalists over the Tufts Study figures; problems typically arise when people try to comprehend the meaning of a "cost" that already reflects the risks of failures and opportunity cost of capital.  Some persons (not the authors) deliberately report the higher numbers, as if they represent actual company out-of-pocket outlays on a particular product, implying that the firm needed to return multiples of the higher number as reward for risk and investment return.  This is of course double counting, since both risk (cost of failures) and the opportunity cost of capital (11 percent real) have already been included, and indeed, these are the factors that drive the estimates to such lofty heights.

There is controversy regarding several of the empirical findings, both in terms of the estimates themselves and also in terms of relevance to particular situations.  The "average" size of the trials is considerably larger than the numbers cited by the FDA in its approval letters,
 and the costs per patient are quite a bit higher than the costs per patient reported by the National Institutes of Health or the World Health Organisation for trials they support, and a number of private estimates of the costs of outsourced clinical trials (see below) and they are far higher than earlier estimates by the same authors.
    There is evidence to suggest that the costs of clinical trials reported in the Tufts study are not representative of the average products approved by the FDA, and more specifically, not representative of average orphan drug development costs.
  Finally, it is important to recognize that the costs of drug development vary considerably between drugs and classes of drugs, and several key assumptions in the Tufts report may be quite unreasonable when applied to particular situations, such as products licensed from third parties, products that have benefited from government support, Orphan products, or products that have received fast-track regulatory approval. 

3.  Orphan Drug Development

Another measure of the cost of R&D comes from analysis of company data submitted to get tax credits in the United States for Orphan drug development.  This data too suggests costs for orphan products are far below the levels estimated in the Tufts Study. 

The United States classifies any treatment for an indication that afflicts 200,000 or fewer patients in the United States as an Orphan Product.   The Orphan designation has significant economic benefits, including a broad seven-year marketing exclusivity and a 50 percent tax credit applied to qualifying clinical trials.  The Orphan Product tax credit is normally limited to expenditures on clinical trials in the United States, although a taxpayer can claim the credit for foreign trials if there is "an insufficient testing population in the United States."

This tax credit first went into effect in 1982, was suspended temporarily from 1994 to 1996, and is now permanent.  

Under the Orphan Drug Act, the orphan designation is given for a specific indication.   Thus any one drug may receive more than one orphan designation, or be approved for use for both Orphan and non-orphan uses.  The credit also applies to new uses for existing products, such as the Orphan designation for the use of Epogen for HIV/AIDS, or Paclitaxel to treat AIDS-related Kaposi's sarcoma.

A  2001 study by CPTech, found that there were 1,084 orphan designations since the program began.  Of the 1,084 orphan designations, some 20 per cent (218 of the 1,084) had received FDA marketing approval.  This is roughly the same approval rate as is the case for all drugs that enter Phase I human use testing in the US.  Of the 1,084 Orphan designations, 74 were for treatment of HIV/AIDS.  Of these, 24 per cent (18 of 74) had received FDA marketing approval.

Table RND 3-1 provides data obtained from the Orphan Drug Tax Credit on the outlays on clinical trials for orphan products.  For products eligible for the orphan drug tax credit, total pre-tax outlays on clinical trials were $538.4 million from 1998 to 2000.  During this time the FDA approved 49 new Orphan indications and 16 new chemical entities.  The outlays per new orphan indication were $11 million before the orphan tax credit, and $5.5 million after the orphan tax credit.  Per NCE approval, the outlays were $34 million   before the tax credit, and $16.8 million after the tax credit.   

Table 3-1:  Pre-Tax Cost of Trials for Orphan Products:  FDA approvals of Orphan Indications and Orphan NMEs  (Millions of USD)

	
	
	
	1998
	1999
	2000
	total

	
	
	
	
	
	
	

	Orphan Credit
	
	$ 80.4
	$ 109.4
	$ 79.4
	$ 269.2

	Pre-tax cost of trials
	
	$ 160.8
	$ 218.9
	$ 158.8
	$ 538.4

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	FDA Marketing Approvals
	Orphan Indications
	
	49

	
	
	
	Orphan NME
	
	16

	
	
	
	
	
	
	


	

	Cost of Trials (Before Orphan Tax Credit) per FDA Marketing Approval
	
	

	
	
	
	
	
	
	

	
	
	
	Per Orphan Indication
	$   10.99

	
	
	
	Per Orphan NME 
	
	$   33.65

	
	
	
	
	
	

	Cost of Trials (Net of Orphan Drug Tax Credit) per FDA Marketing Approval
	

	
	
	
	
	
	

	
	
	
	Per Orphan Indication
	 
	$5.5

	
	
	
	Per Orphan NME
	
	$16.8

	
	
	
	
	
	


Source: IRS, FDA

As noted, the Orphan Drug Tax Credit applies to both new indications as well as NMEs.  The trials to support FDA approval for a new indication are generally less expensive than the cost of obtaining FDA approval for a NME.  It is not possible to obtain separate data on new indications and NMEs (the IRS combines the data).  The cost of trials for a NME only are somewhere between the simple averages of based upon the number of indications or NMEs.  

The tax credit is available regardless of whether or not the product succeeds in obtaining FDA approval.  The cost per FDA approval thus captures the clinical costs of both the successful and the unsuccessful products.  Before the tax credit, this is somewhere between $11 and $34 million.
   The comparable number from the Tufts study is the risk-adjusted costs of clinical trials, which are $282 million in the Tufts study.

Note that the $282 million figure from the Tufts study is reported as the average for a single drug, and yet it is more than half of the (pre-credit) amount spent during a three year period when the FDA approved 49 new orphan indications (including 16 NME orphans).    

The evidence from the Orphan drug tax credit is that for at least one class of drugs, the average cost of trials is far smaller than the Tufts study estimate.  

How important are Orphan products?  As noted above, a number of HIV products have benefited from Orphan designations.   A 2000 study by two other Tufts researchers, Kenneth Kaitin and Elaine Healy, looked at 110 FDA New Chemical Entities (NCEs) approved for marketing by the FDA from 1996 to 1998.  Of the 110 NCEs, 18 had been designated as Orphans, or about one sixth of all NCEs for that period.
  Over the next four years, the ratio was 16 of 103.  For the period 1996 to 2002, 16 percent of all NCEs were Orphan products.  For severe illnesses, the share of Orphan products is higher.  

Glivec is classified as an orphan product.

� Joseph A. DiMasi, Ronald W. Hansen, Henry G. Grabowski, "The price of innovation: new estimates of drug development costs," Journal of Health Economics 22 (2003) 151–185.


� The size of the trials in the Tufts study is reported in Footnote 41.


� An FDA study of all 1995 to 1999 approvals found an average 2,667 patients in trials cited in FDA approvals.  The FDA approval letters sometimes under-report the total number of patients in trials.


� Referring to both human use and animal trials, DiMasi, et. al. report, "Aggregating across phases, we find that the out-of-pocket clinical period cost per approved new drug . . . are more than four-fold higher than those we found in our previous study."  DiMasi (2003).  


� On 4 December 2001, Joesph DiMasi said, "It should also be noted that our study was based on the R&D experiences of major traditional pharmaceutical firms," distinguishing for example, the study’s sample from the experiences of ". . . small biotech and niche pharmaceutical firms."  http://lists.essential.org/pipermail/ip-health/2001-December/002500.html (accessed 1 August 2003). 


� $11 million figure if the average cost of NMEs are the same as the average cost of FDA approvals for new indications, or $34 million figure if the average costs of new indications are zero.     


� Kenneth I. Kaitin and Elaine M. Healy, "The New Drug Approvals of 1996, 1997, and 1998; Drug Development Trends in the User Fee Era," Drug Information Journal, Vol. 34, pp. 1-14, 2000.
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