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Plaintiffs Amgen Inc. and Amgen Manufacturing, Limited (collectively, “Plaintiffs”), 

by and through their undersigned attorneys, for their Complaint against Defendants Sandoz 

Inc., Sandoz International GmbH, and Sandoz GmbH (collectively, “Defendants”) hereby 

allege as follows: 

NATURE OF THE ACTION 

1. This lawsuit is necessary because Defendants refuse to follow the rules.  

Defendants’ unlawful efforts are part of a scheme to sell a copy of one of Plaintiffs’ most 

successful therapeutic products.  Defendants are seeking approval from the United States 

Food and Drug Administration (“FDA”) to sell their biosimilar product under a new 

abbreviated approval pathway, but they have not followed all the statutory requirements that 

must be met before Defendants’ product can legally be sold.  Specifically, Defendants’ 

failure to follow the rules Congress put in place to resolve patent disputes with innovators 

such as Plaintiffs has caused harm to Plaintiffs and necessitates this action. 

2.  Defendants’ unlawful activities arise in connection with their effort to gain 

approval to market and sell a version of NEUPOGEN® (filgrastim), a highly successful 

product invented by Plaintiff Amgen Inc. (“Amgen”) for treating the side effects of certain 

forms of cancer therapy.  NEUPOGEN® (filgrastim) was major advance in the field of 

oncology and has benefited millions of cancer patients since it was introduced in 1991.  

NEUPOGEN® (filgrastim) is a biotechnology product—it is made using recombinant DNA 

technology and was the result of substantial original research and development by Amgen.  

3. Since NEUPOGEN® (filgrastim) is regulated by the FDA as a biologic 

product, Amgen had to conduct extensive clinical trials and then submit the results of those 

trials to the FDA in order to prove that NEUPOGEN® (filgrastim) is safe, pure, and potent.  

Over the years, Amgen has accumulated and submitted to FDA a large amount of clinical 

trial results showing NEUPOGEN® (filgrastim) to be safe and effective in treating various 

conditions. 
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4. Prior to 2010, any other company wishing to sell its own version of 

NEUPOGEN® (filgrastim) would have had to undertake the same extensive effort to prove 

to the FDA that their proposed version was also safe, pure and potent.  In 2010, Congress 

created a new the statutory framework, known as the Biosimilars Price Competition and 

Innovation Act (“BPCIA”), that governs the regulatory approval, marketing, and sale of 

biological products known as “biosimilars.”  The BPCIA reflects Congress’s efforts to 

balance the rights of innovators, such as Amgen, and the rights of applicants, such as 

Defendants, who seek to develop biosimilar versions of innovators’ drugs.  

5. Developing new therapeutic products from scratch is extremely expensive: 

current studies estimate the cost of obtaining FDA approval of a new drug as more than $1 

billion.  The BPCIA allows a biosimilar applicant to avoid this expense by taking advantage 

of the extensive and costly clinical trials previously conducted by the original creator of the 

biologic product to show that it is safe, pure, and potent.  But there is also another side to this 

procedure:  the BPCIA requires a biosimilar applicant to disclose its FDA application 

(known as a Biologics Licensing Application or “BLA”) and manufacturing information to 

the innovator within 20 days of filing that application.  That disclosure allows the innovator 

to assess which patents the biosimilar applicant’s activities could infringe and, critically, to 

start a process that will allow the innovator to bring its patent claims before the applicant can 

begin selling an infringing product and thereby irreparably damage the market. 

6. Based on a letter that Defendants sent to Amgen and on other public 

information, Defendants have submitted a BLA that seeks approval under the provisions of 

the BPCIA to market a biosimilar copy of NEUPOGEN® (filgrastim).  But they have refused 

to provide Amgen with the BLA and manufacturing information in a timely manner, except 

under conditions nowhere imposed by the BPCIA, and to otherwise comply with what the 

statute requires them to do. 

7. Defendants’ scheme to follow only those parts of the BPCIA they consider 

helpful and to flaunt the part they consider unhelpful to them is unlawful.  In particular, these 

acts constitute unfair competition under California Business & Professions Code § 17200, et 
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seq. and conversion under California common law.  Defendants have also committed a 

statutory act of patent infringement under the United States patent law, 35 U.S.C. 

§ 271(e)(2)(C)(ii), by submitting an application for approval of a biological product and 

failing to provide the BLA and manufacturing information as required by the BPCIA.  

Despite Amgen’s requests, Defendants refuse to honor their obligations under the BPCIA.  

Accordingly, Plaintiffs turn to this Court for protection of their legal rights.  Plaintiffs seek 

injunctive relief, restitution, attorneys’ fees, costs, and expenses. 

THE PARTIES 

8. Amgen Inc. (“Amgen”) is a corporation existing under the laws of the State of 

Delaware, with its principal place of business at One Amgen Center Drive, Thousand Oaks, 

California 91320.  Amgen discovers, develops, manufactures, and sells innovative 

therapeutic products based on advances in molecular biology, recombinant DNA technology, 

and chemistry. 

9. Amgen Manufacturing, Limited (“AML”) is a corporation existing under the 

laws of Bermuda with its principal place of business in Juncos, Puerto Rico.  AML 

manufactures and sells biologic medicines for treating particular diseases in humans. 

10. Upon information and belief, Sandoz Inc. is a corporation existing under the 

laws of the state of New Jersey, with its principal place of business at 506 Carnegie Drive, 

Suite 400, Princeton, New Jersey 08540.  Upon information and belief, acting in concert with 

Defendants Sandoz International GmbH and Sandoz GmbH, Sandoz Inc. is in the business of 

developing, manufacturing, and marketing biopharmaceutical products that are distributed 

and sold in the State of California and throughout the United States.  Upon information and 

belief, Sandoz Inc. is also the United States agent for Sandoz International GmbH and 

Sandoz GmbH for purposes including, but not limited to, filing regulatory submissions to and 

corresponding with the FDA. 

11. Upon information and belief, Sandoz International GmbH is a corporation 

existing under the laws of Germany with its principal place of business at Industriestrasse 25, 

83607 Holzkirchen, Germany.  Upon information and belief, acting in concert with 
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Defendants Sandoz Inc. and Sandoz GmbH, Sandoz International GmbH is in the business of 

developing, manufacturing, and marketing biopharmaceutical products that are distributed 

and sold in the State of California and throughout the United States. 

12. Upon information and belief, Sandoz GmbH is a corporation existing under 

the laws of Austria with its principal place of business at Biochemiestraße 10, 6250 Kundl, 

Austria.  Upon information and belief, acting in concert with Defendants Sandoz Inc. and 

Sandoz International GmbH, Sandoz GmbH is in the business of developing, manufacturing, 

and marketing biopharmaceutical products that are distributed and sold in the State of 

California and throughout the United States. 

13. Upon information and belief, Sandoz GmbH operates as a subsidiary of 

Sandoz International GmbH. 

14. Upon information and belief, Sandoz Inc. operates as a subsidiary of Sandoz 

International GmbH. 

15. Upon information and belief, Defendants collaborate to develop, manufacture, 

seek regulatory approval for, import, market, distribute, and sell biopharmaceutical products 

(including products intended to be sold as biosimilar versions of successful 

biopharmaceutical products developed by others) in the State of California and in the United 

States. 

JURISDICTION AND VENUE 

16. This Court has subject matter jurisdiction over Plaintiffs’ patent infringement 

claim under 28 U.S.C. § 1331 and 1338(a). 

17. The Court also has subject matter jurisdiction over Plaintiffs’ unfair 

competition and conversion claims under 28 U.S.C. §§ 1367 and 1338(b). 

18. In the alternative, this Court has subject matter over the case under 28 U.S.C. 

§ 1332 because there is diversity among the parties and the amount in controversy, without 

interest and costs, exceeds $75,000. 

19. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391 (b) and (c), and 

28 U.S.C. § 1400(b).  Upon information and belief, the Defendants collaborate to develop, 
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manufacture, seek regulatory approval for, import, market, distribute, and sell 

biopharmaceutical products for sale and use throughout the United States, including in this 

federal judicial District.   

20. For purposes of intradistrict assignment pursuant to Civil Local Rules 3-2(c) 

and 3-5(b), this Intellectual Property Action is to be assigned on a district-wide basis. 

21. This Court has personal jurisdiction over each of the Defendants for the 

reasons set forth below. 

A.  Sandoz Inc.  

22. Upon information and belief, Sandoz Inc. develops, manufactures, seeks 

regulatory approval for, markets, distributes, and sells biopharmaceuticals for sale and use 

throughout the United States, including in California and this federal judicial District. 

23. This Court has personal specific jurisdiction over Sandoz Inc. because Sandoz 

Inc. has committed, or aided, abetted, contributed to and/or participated in the commission 

of, the tortious act of patent infringement and the tortious acts of unfair competition and 

conversion that have led to foreseeable harm and injury to Amgen, a corporation with its 

principal place of business in California.  In particular, Sandoz, Inc. collaborates to develop, 

manufacture, seek approval for, and sell the disputed biosimilar product, which will cause 

tortious injury to Plaintiffs.  For example, Amgen received a letter from in-house counsel for 

Sandoz Inc. dated July 25, 2014, that informed Amgen that Defendants’ application for the 

Sandoz biosimilar product had been accepted by the FDA for review.  Moreover, upon 

information and belief, Sandoz Inc., following any FDA approval of the biosimilar product, 

will sell the Sandoz biosimilar product that is the subject of the patent infringement, unfair 

competition, and conversion claims in this action in California and throughout the United 

States.   

24. This Court has personal general jurisdiction over Sandoz Inc. by virtue of, 

inter alia, its having conducted business in this District, having availed itself of the rights and 

benefits of California law, and having engaged in substantial and continuing contacts with 

California.  Upon information and belief, Sandoz has regular and continuous commercial 
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business dealings with representatives, agents, distributors, and customers located in 

California and this district.  In addition, Sandoz has availed itself of this Court as a patent 

infringement plaintiff, see, e.g., Sandoz Inc. v. Amgen Inc., 3:13-cv-02904-MMC (N.D. Cal.) 

(appeal pending, Fed. Cir. Appeal No. 2014-1693), and consented to the personal jurisdiction 

of this Court in numerous other legal proceedings.  See, e.g., Genentech, Inc. v. Sandoz Inc., 

3:11-cv-01925-JSW (N.D. Cal.); Takeda Pharmaceutical, Co., Ltd. v. Sandoz Inc., 5:13-cv-

02418-LHK (N.D. Cal.); Takeda Pharmaceutical, Co., Ltd. v. Sandoz Inc., 3:12-cv-00446-

JCS (N.D. Cal.). 

B. Sandoz International GmbH (Germany) 

25. Upon information and belief, Sandoz International GmbH collaborates with 

Sandoz Inc. to develop, manufacture, seek approval for, and sell FDA-approved 

biopharmaceutical drugs, which are being marketed, distributed, and sold in California and in 

the United States.   

26. Upon information and belief, Sandoz International GmbH exercises 

considerable control over Sandoz Inc. with respect to biosimilar products, and approves 

significant decisions of Sandoz Inc. such as allowing Sandoz Inc. to act as the agent for 

Sandoz International GmbH in connection with preparing and filing the Sandoz BLA, and 

acting as Sandoz International GmbH’s agent in the United States.  For example, the Sandoz 

Management Team includes “Richard Francis, the Global Head of Sandoz,” and “Peter 

Goldschmidt, President of Sandoz US and Head of North America.”  Upon information and 

belief, Mr. Francis is the head of Sandoz International GmbH, Mr. Goldschmidt is the 

President of Sandoz Inc. as well as the Head of North American Operations at Sandoz 

International GmbH, and Mr. Goldschmidt directly or indirectly reports to Mr. Francis.   

27. In addition, Sandoz International GmbH and Sandoz Inc. hold themselves out 

as a unitary entity and have represented to the public that the activities of Sandoz 

International GmbH and Sandoz Inc. are directed, controlled, and carried out by a single 

entity, namely, Sandoz.  For example, Sandoz maintains an Internet website at the URL 

www.sandoz.com attached hereto as Ex. A, which states that it is “the website of Sandoz 
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International” and on which Sandoz states that all of the worldwide generic pharmaceutical 

businesses owned by Novartis operate “under one single global brand as known today:  

Sandoz.”   
28. Upon information and belief, Sandoz International GmbH is actively involved 

with planning Sandoz Inc.’s new products and filing the Sandoz BLA for the biosimilar 

product in dispute.  For example, Sandoz Inc.’s President, Mr. Goldschmidt, is also the Head 

of North American Operations at Sandoz International GmbH. 

29. Upon information and belief, Sandoz International GmbH acted in concert with 

Sandoz Inc. to develop a biosimilar version of Plaintiffs’ NEUPOGEN® (filgrastim).  Upon 

information and belief, Sandoz International GmbH acted in concert with, directed, and/or 

authorized Sandoz Inc. to file a BLA seeking approval from the FDA to market and sell the 

Sandoz biosimilar product in the State of California and throughout the United States, which 

directly gives rise to Plaintiffs’ claims of patent infringement.  For example, Novartis AG, the 

ultimate corporate parent of both Sandoz International GmbH and Sandoz Inc., issued a press 

release on July 24, 2014 from Holzkirchen, Germany announcing that the FDA had accepted 

Sandoz’s application for biosimilar filgrastim.  See   Press Release, Novartis, FDA Accepts 

Sandoz Application For Biosimilar Filgrastim (July 24, 2014), 

http://www.novartis.com/newsroom/media-releases/en/2014/1835571.shtml, attached hereto as 

Ex. B.  Upon information and belief, the press release announcing the FDA’s acceptance of the 

Sandoz’s BLA, which is the subject of Plaintiffs’ claims, was issued on behalf of Sandoz 

International GmbH.   

30. Upon information and belief, Sandoz International GmbH acted in concert 

with, directed, and/or authorized Sandoz Inc. to communicate with Amgen after receiving 

FDA notification of the FDA’s acceptance and to unlawfully withhold the BLA for the 

Sandoz biosimilar product from Amgen while at the same time obtaining the benefits of the 
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§ 262(k) pathway (such as making use of the FDA’s prior determinations as to the safety, 

purity, and potency of Plaintiffs’ NEUPOGEN® (filgrastim)), which directly gives rise to 

Plaintiffs’ claims of unfair competition and conversion.  For example, Amgen received 

correspondence from Sandoz International GmbH dated September 4, 2014 that refers to 

“our decision not to disclose our application to Amgen.” (emphasis added).  Similarly, 

Amgen received further correspondence from Sandoz International, GmbH dated October 20, 

2014 that refers to an earlier communication from Sandoz, Inc. as “our July 8, 2014 letter” 

and to an appeal filed by Sandoz, Inc. in co-pending litigation with Amgen as “our appeal.”  

Letter from Julia Pike, Head, Global IP Litigation, Sandoz Int’l GmbH, to Wendy A. 

Whiteford, Vice President Law, Amgen Inc. (Oct. 20, 2014).  These communications 

evidence that Sandoz International, GmbH and Sandoz, Inc. are working in concert in their 

scheme to unlawfully withhold from Amgen the information concerning the Sandoz 

biosimilar product that is required to be provided under 42 U.S.C. § 262(l)(2)(A).   

31. Upon information and belief, the acts of Sandoz Inc. complained of herein were 

done, in part, for the benefit of Sandoz International GmbH.  Upon information and belief, 

Sandoz International GmbH, following any FDA approval, will directly or indirectly 

manufacture and/or sell the Sandoz biosimilar product that is the subject of the infringement, 

unfair competition, and conversion claims in this action in California and throughout the United 

States.   

32. This Court has personal specific jurisdiction over Sandoz International GmbH 

because Sandoz International GmbH has directly, or through its agent, committed, or aided, 

abetted, contributed to and/or participated in the commission of, the tortious act of patent 

infringement and the tortious acts of unfair competition and conversion that have led to 

foreseeable harm and injury to Amgen, a corporation with its principal place of business in 

California.   

33. Additionally, and in the alternative, Plaintiffs allege that to the extent Sandoz 

International GmbH is not subject to the jurisdiction of the courts of general jurisdiction of 

the State of California, Sandoz International GmbH likewise is not subject to the jurisdiction 
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of the courts of general jurisdiction of any state, and accordingly is amenable to service of 

process based on its aggregate contacts with the United States, including but not limited to 

the above described contacts, as authorized by Rule 4(k)(2) of the Federal Rules of Civil 

Procedure. 

B. Sandoz GmbH (Austria) 

34. Upon information and belief, Sandoz GmbH collaborates with Sandoz Inc. to 

develop, manufacture, seek approval for, and sell FDA-approved biopharmaceutical drugs, 

which are being marketed, distributed, and sold in California and in the United States.   

35. Sandoz GmbH and Sandoz Inc. hold themselves out as a unitary entity and 

have represented to the public that the activities of Sandoz GmbH and Sandoz Inc. are 

directed, controlled, and carried out by a single entity, namely, Sandoz.  For example, Sandoz 

maintains an Internet website at the URL www.sandoz.com, attached hereto Ex. A, which 

states that it is “the website of Sandoz International” and on which Sandoz states that all of 

the worldwide generic pharmaceutical businesses owned by Novartis operate “under one 

single global brand as known today:  Sandoz.”   

36. Upon information and belief, Sandoz GmbH is actively involved with planning 

Sandoz Inc.’s new biosimilar filgrastim products and filing Defendants’ BLA for the biosimilar 

product in dispute.  42 U.S.C. § 262(k)(2)(A)(V) provides that a biosimilar application submitted 

to the FDA under the § 262(k) pathway “shall include” information demonstrating “the facility in 

which the biological product is manufactured, processed, packed, or held meets standards 

designed to assure that the biological product continues to be safe, pure, and potent.”  Upon 

information and belief, the Sandoz biosimilar product that is the subject of Defendants’ BLA is 

manufactured at Sandoz GmbH facilities.  Therefore, upon information and belief, Sandoz 

GmbH actively participated in the preparation of Defendants’ BLA, for example by providing 

information regarding the facilities in which the Sandoz biosimilar product is manufactured, 

processed, packed, or held.  Upon information and belief, Sandoz GmbH has provided similar 

information for biosimilar filgrastim products in Europe and manufactures those European 

products.  For example, Sandoz GmbH applied for approval to market biosimilar filgrastim in 
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Europe, which it manufactures and sells as ZARZIO®.  Sandoz GmbH has also stated that its 

Kundl facility is the “API manufacturing facility” of ZARZIO®.  See Sandoz Company 

Presentation (May 15, 2012), attached hereto as Ex. C. 

37. Upon information and belief, Sandoz GmbH acted in concert with Sandoz Inc. 

to develop a biosimilar version of Plaintiffs’ NEUPOGEN® (filgrastim).  Upon information 

and belief, Sandoz GmbH acted in concert with, directed, and/or authorized Sandoz Inc. to 

file a BLA seeking approval from the FDA to market and sell the Sandoz biosimilar product 

in the State of California and throughout the United States, which directly gives rise to 

Plaintiffs’ claims of patent infringement.  For example, Sandoz GmbH provided ZARZIO® 

to the then-Global Medical Director at Sandoz International GmbH, Michael Muenzberg, to 

assess ZARZIO®’s biosimilarity to Plaintiffs’ NEUPOGEN® (filgrastim) product.  See M. 

Muenzberg et al., Development of a New G-CSF Product Based on Biosimilarity Assessment, 

21 ANNALS OF ONCOLOGY 1419 (2010), attached hereto as Ex. D. 

38. Upon information and belief, Sandoz GmbH acted in concert with, directed, 

and/or authorized Sandoz Inc. to communicate with Amgen after receiving FDA notification 

of the FDA’s acceptance and to unlawfully withhold the BLA for the Sandoz biosimilar 

product from Amgen while at the same time obtaining the benefits of the § 262(k) pathway 

(such as making use of the FDA’s prior determinations as to the safety, purity, and potency 

of Plaintiffs’ NEUPOGEN® (filgrastim)), which directly gives rise to Plaintiffs’ claims of 

unfair competition and conversion.   

39. Upon information and belief, the acts of Sandoz Inc. complained of herein were 

done, in part, for the benefit of Sandoz GmbH.  Upon information and belief, Sandoz GmbH, 

following any FDA approval, will directly or indirectly manufacture and/or sell the Sandoz 

biosimilar product that is the subject of the infringement, unfair competition and conversion 

claims in this action in California and throughout the United States.   

40. This Court has personal specific jurisdiction over Sandoz GmbH because 

Sandoz GmbH has directly, or through its agent, committed, or aided, abetted, contributed to 

and/or participated in the commission of, the tortious act of patent infringement and the 
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tortious acts of unfair competition and conversion that have led to foreseeable harm and 

injury to Amgen, a corporation with its principal place of business in California   

41. Additionally, and in the alternative, Plaintiffs allege that to the extent Sandoz 

GmbH is not subject to the jurisdiction of the courts of general jurisdiction of the State of 

California, Sandoz GmbH likewise is not subject to the jurisdiction of the courts of general 

jurisdiction of any state, and accordingly is amenable to service of process based on its 

aggregate contacts with the United States, including but not limited to the above described 

contacts, as authorized by Rule 4(k)(2) of the Federal Rules of Civil Procedure.  

AMGEN OBTAINS FDA APPROVAL FOR ITS INNOVATIVE G-CSF 
BIOLOGICAL PRODUCT,  NEUPOGEN®, UNDER 42 U.S.C. § 262(a) 

42. A company seeking to market a biological product for human therapeutic use 

in the United States must first file a BLA seeking to obtain a license from the FDA.  Prior to 

seeking FDA approval, developers of innovative biological products typically go through 

three clinical development phases before their developers seek FDA approval: Phase I, which 

typically tests safety, tolerability, and pharmacologic properties on healthy human 

volunteers, and Phases II and III, which typically test safety and efficacy on, respectively, a 

small and then a larger group of afflicted patients.  If testing in each phase succeeds, the 

developer may be in a position to submit a BLA for FDA approval.  The BLA includes, 

among other things, technical data on the characterization and composition of the biological 

product, toxicology studies in animals, the means for manufacturing, clinical trial results to 

establish the safety and efficacy of the biological product, and labeling for use of the 

biological product for which approval is requested.  See 21 C.F.R. §§ 601 et seq. 

43. After submission of the BLA, innovative developers must pass demanding 

stages of clearance.  For example, innovative developers are required to demonstrate to the 

FDA that “the biological product that is the subject of the application is safe, pure, and 

potent” (42 U.S.C. § 262(a)(2)(C)(i)(I)); and “the facility in which the biological product is 

manufactured, processed, packed, or held meets standards designed to assure that the 

biological product continues to be safe, pure, and potent.”  42 U.S.C. § 262(a)(2)(C)(i)(II).  If 
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the FDA determines that the biological product or the facility does not meet the 

requirements, the BLA will be denied. 

44. Not surprisingly, the development of innovative pharmaceutical products 

requires the investment of enormous amounts of time and money.  For example, the time to 

develop a drug is ten to fifteen years, and the average cost to develop a drug (including the 

cost of failures) was $1.2 billion or higher in the early 2000s.  See PHARMACEUTICAL 

RESEARCH AND MANUFACTURERS OF AMERICA, 2013 PROFILE: BIOPHARMACEUTICAL 

RESEARCH INDUSTRY, at 32, attached hereto as Ex. E; Christopher Paul Adams & Van Vu 

Brantner, Spending on New Drug Development, 19 HEALTH ECONOMICS 130, 139, 141 

(2010), attached hereto at Ex. F (finding that the cost of drug development (or the net 

revenue needed to make investment in new drugs profitable) is over $1 billion:  “a firm 

would need expected net revenue of over $1 billion to develop one more drug for the 

market”). 

45.  Amgen went through each of the requirements of 42 U.S.C. § 262(a) (the 

“§ 262(a) pathway”) to obtain a license from the FDA for its innovative biological product 

NEUPOGEN® (filgrastim).  In 1991, the FDA approved NEUPOGEN® (filgrastim), pursuant to 

BLA No. 103353, for decreasing the incidence of infection, as manifested by febrile neutropenia, 

in patients with nonmyeloid malignancies receiving myelosuppressive anticancer drugs 

associated with a significant incidence of severe neutropenia with fever.  The FDA later 

approved a series of additional indications for the therapeutic use of NEUPOGEN® (filgrastim), 

including the treatment of patients with severe chronic neutropenia, patients with acute myeloid 

leukemia receiving induction or consolidation chemotherapy, patients receiving bone marrow 

transplant, and patients undergoing peripheral blood progenitor cell collection and therapy.  Each 

of these new indications necessitated Amgen’s further investment to conduct additional clinical 

testing, submit a supplemental BLA, and prove to the FDA’s satisfaction that NEUPOGEN® 

(filgrastim) was safe, pure, and potent for each new indication.  These approvals are the direct 

result of very significant investments by Amgen in the development and clinical trials of 
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NEUPOGEN® (filgrastim).  The biological product license to NEUPOGEN® (filgrastim) is 

owned by Amgen and exclusively licensed to AML. 

46. The active ingredient in NEUPOGEN® is filgrastim, a recombinantly 

expressed, 175-amino acid form of a protein known as human granulocyte-colony 

stimulating factor or “G-CSF.”  NEUPOGEN® (filgrastim) is also known as recombinant 

methionyl human granulocyte-colony stimulating factor.  By binding to specific receptors on 

the surface of certain types of cells, NEUPOGEN® (filgrastim) stimulates the production of 

a type of white blood cells known as neutrophils.  Neutrophils are the most abundant type of 

white blood cells and form a vital part of the human immune system.  A deficiency in 

neutrophils is known as neutropenia, a condition which makes the individual highly 

susceptible to infection.  Neutropenia can result from a number of causes; it is a common 

side effect of chemotherapeutic drugs used to treat certain forms of cancer.  NEUPOGEN® 

(filgrastim) counteracts neutropenia.  The availability of NEUPOGEN® (filgrastim) 

represented a major advance in cancer treatment by protecting chemotherapy patients from 

the harmful effects of neutropenia and by thus facilitating more effective chemotherapy 

regimes.   

47. Another major advance provided by NEUPOGEN® (filgrastim) is for patients 

undergoing peripheral blood progenitor cell collection and transplant.  In order to 

successfully treat certain forms of blood cancer, patients undergo hematopoietic progenitor 

cell transplants.  NEUPOGEN® (filgrastim) is indicated for the mobilization of 

hematopoietic progenitor cells into the peripheral blood for collection by leukapheresis.  

Mobilization with NEUPOGEN® (filgrastim) allows for the collection of increased numbers 

of hematopoietic progenitor cells capable of engraftment compared with collection without 

the use of NEUPOGEN® (filgrastim) or from bone marrow harvest.  Furthermore, 

transplantation with an increased number of hematopoietic progenitor cells can lead to faster 

engraftment, which may result in a faster recovery for the patient after transplant. 
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THE BPCIA REFLECTS A CONGRESSIONAL BALANCE 
OF THE INTERESTS OF INNOVATORS AND 

BIOSIMILAR APPLICANTS UNDER THE 262(k) PATHWAY 

48. On March 23, 2010, the BPCIA was enacted, creating an abbreviated approval 

pathway for FDA licensure of biological products upon a determination that the biological 

product is “biosimilar” to a previously licensed “reference product.”  42 U.S.C.  § 262(k).  The 

BPCIA defines a “biosimilar” to be a biological product that is (1) “highly similar to the 

reference product notwithstanding minor differences in clinically inactive components”; and (2) 

has “no clinically meaningful differences between the biological product and the reference 

product in terms of the safety, purity, and potency of the product.”  42 U.S.C. §§ 262(i)(2)(A), 

(B).  The BPCIA defines a “reference product” to be “a single biological product licensed under 

subsection (a) against which the biological product is evaluated in an application submitted 

under subsection (k).”  42 U.S.C. §§ 262(i)(4). 

49. As opposed to applicants under the § 262(a) pathway, biosimilar applicants are 

permitted to make use of the FDA’s prior determinations as to the safety, purity, and potency of 

the reference product that was already approved by the FDA.  Specifically, the § 262(k) pathway 

may only be used where the prior applicant of the reference product has submitted an application 

under 42 U.S.C. § 262(a) for approval of a “reference product,” and FDA has determined that the 

reference product sponsor has demonstrated that “the biological product that is the subject of the 

application is safe, pure, and potent.”  42 U.S.C. § 262(a)(2)(C)(i)(I).  A biosimilar applicant 

may only request FDA evaluation for biosimilarity under the § 262(k) pathway with respect to 

no more than one reference product § 262(k)(5)(A) and must submit to the FDA “publicly-

available information regarding the Secretary’s previous determination that the reference product 

is safe, pure, and potent.”  42 U.S.C. § 262(k)(2)(A)(iii)(I).  Consequently, the § 262(k) pathway 

allows the biosimilar applicant to cut short the time and expensive cost of clinical testing, and 

gain licensure to commercialize its biological product in the market sooner as a biosimilar than it 

could have done through an independent demonstration of safety, purity, and potency under the 

§ 262(a) pathway.  The § 262(k) pathway is thus referred to as an “abbreviated” approval 

pathway.   
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50. The purpose of the BPCIA is to establish “a biosimilars pathway balancing 

innovation and consumer interests.”  Biologics Price Competition and Innovation Act of 2009, 

Pub. L. No. 111-148, § 7001(b), 124 Stat. 119, 804 (2010) (amending 42 U.S.C. § 262).  The 

statutory provisions of the BPCIA reflect Congressional intent to achieve this balance.  In 

addition to saving the time and expense of the traditional approval pathway under § 262(a), 

approval under the § 262(k) pathway offers other benefits to the biosimilar applicant.  A product 

that is approved as a biosimilar can take advantage of the existing market for the reference 

product created by the reference product sponsor.  Specifically, the the Patient Protection and 

Affordable Care Act (PPACA) created a higher Medicare payment rate for biosimilars in the 

physician clinic setting.  Pub.  L. No. 111-148, § 3139(a), 124 Stat. 119, 439 (2010) (amending 

42 U.S.C. § 1395w-3a).  In the case of drugs (both biologics and small molecule drugs) other 

than biosimilars, the Medicare payment rate is the Average Sales Price (ASP)[1] of the drug plus 

6 percent of that ASP.  42 U.S.C. § 1395w-3a(b)(1).  Under the PPACA amendments, the 

Medicare payment rate for biosimilars is the ASP of the biosimilar, plus 6 percent of the 

reference product’s ASP.  42 U.S.C. § 1395w-3a(b)(8).  This results in a higher payment rate for 

physicians, assuming the ASP of the reference product is higher than that of the biosimilar.  See 

Michael McCaughan, Biosimilar Reimbursement Under The Sequester: The Lower The Price, 

The Bigger The Spread, THE PINK SHEET DAILY (Aug. 8, 2014), attached hereto as Ex. G. 

51.  Further, a biosimilar product can be approved as “interchangeable” if it meets 

certain criteria, i.e., the biosimilar product “can be expected to produce the same clinical 

result as the reference product in any given patient” and “for a biological product that is 

administered more than once to an individual, the risk in terms of safety or diminished 

efficacy of alternating or switching between use of the biological product and the reference 

                                                 
[1] ASP is calculated by the Centers for Medicare & Medicaid Services based on sales 
information reported to the agency by manufacturers.  42 U.S.C. § 1395w-3a(c). 
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product is not greater than the risk of using the reference product without such alternation or 

switch.”  42 U.S.C. §§ 262(k)(4)(A), 262(k)(4)(B).  The designation of a biosimilar product 

as interchangeable provides additional value to the biosimilar applicant by permitting the 

product to be “substituted for the reference product without the intervention of the health care 

provider who prescribed the reference product” (42 U.S.C. §§ 262(i)(3)); and providing the 

biosimilar applicant with market exclusivity compared to other biosimilar products.  42 

U.S.C. §§ 262(k)(6) (specifying time periods and conditions for exclusivity).   

52. On the other hand, the BPCIA also sets forth a detailed and elaborate 

procedure adopted by Congress as a way of balancing the interests of reference product 

sponsors and biosimilar applicants under the § 262(k) pathway.  Of particular relevance to 

this lawsuit, the BPCIA sets forth particular requirements that the biosimilar applicant must 

follow in order to obtain the benefits of filing its BLA under the § 262(k) pathway.  42 

U.S.C. § 262(l).  Among other things, these provisions require the biosimilar applicant to 

provide a copy of its BLA, together with other information necessary to describe the 

process(es) for manufacturing the biosimilar product to the reference product sponsor.  See 

42 U.S.C. § 262(l)(2).  This permits the reference product sponsor to evaluate whether it can 

assert patent claims against the biosimilar applicant for making, using, offering to sell, 

selling, or importing into the United States the biosimilar product.   

53. Specifically, 42 U.S.C. § 262(l) provides the following carefully crafted series 

of steps for the identification of patents potentially blocking commercialization of the 

proposed biosimilar, as well as specific times for completing these steps that are emphasized 

in bold below: 

a. Within 20 days after the FDA has accepted its abbreviated application, the biosimilar 
applicant must provide the reference product sponsor:  (i) a copy of the biosimilar 
application and (ii) other information describing the process(es) for manufacturing the 
biosimilar product.  42 U.S.C. § 262(l)(2).  The reference product sponsor must keep 
the BLA and manufacturing information confidential, and may only use such material 
to evaluate infringement.  42 U.S.C. § 262(l)(1). 

b. Within 60 days after receiving the BLA and manufacturing information, the reference 
product sponsor must provide the biosimilar applicant with a list of all patents that the 
reference product sponsor reasonably believes are infringed, such that they could be 
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asserted by either the reference product sponsor or a patent owner that has granted 
exclusive rights to the reference product sponsor.  42 U.S.C. § 262(l)(3)(A).  The 
reference product sponsor must also identify which, if any, of these patents it would 
be prepared to license to the biosimilar applicant.  42 U.S.C. § 262(l)(3)(A)(ii). 

c. Within 60 days after receiving the foregoing list from the reference product sponsor, 
the biosimilar applicant may provide to the reference product sponsor a list of patents 
that the biosimilar applicant believes could be subject to a claim of patent 
infringement.  42 U.S.C. § 262(l)(3)(B)(i).  Within the same 60 days, regarding any 
patents listed by the reference product sponsor or the biosimilar applicant, the 
biosimilar applicant must also provide:  (I) a statement describing, on a claim by 
claim basis, a factual and legal basis for an opinion that a patent is invalid, 
unenforceable, or not infringed; or (II) a statement that the biosimilar applicant does 
not intend to market until the patent expires.  42 U.S.C. § 262(l)(3)(B))ii).  The 
biosimilar applicant must also provide a response to the reference product sponsor’s 
identification of any patents it would be prepared to license.  42 U.S.C. 
§ 262(l)(3)(B)(iii). 

d. Within 60 days after receiving the information described immediately above, the 
reference product sponsor must provide, regarding each patent discussed in (I) above, 
a reciprocal statement describing, on a claim by claim basis, a factual and legal basis 
for an opinion that a patent will be infringed as well as a response to any statement 
regarding validity and enforceability.  42 U.S.C. § 262(l)(3)(C). 

e. After this exchange of information, both parties must engage in good faith 
negotiations to identify which patents, if any, should be subject to patent infringement 
litigation.  42 U.S.C. § 262(l)(4)(A).  If the parties reach agreement within 15 days of 
starting negotiations, the reference product sponsor must bring an “immediate” patent 
infringement action against the biosimilar applicant on the negotiated list of patents 
within 30 days of such agreement.  42 U.S.C. § 262(l)(6)(A).  If the parties do not 
reach agreement within 15 days of starting negotiations, the biosimilar applicant must 
notify the reference product sponsor of the number of patents it will provide in a 
second list, and the parties then simultaneously exchange within five days of this 
notice a list of patents that each party believes should be the subject of infringement 
litigation.  42 U.S.C. § 262(l)(5).  Within 30 days after exchanging these lists, the 
reference product sponsor must bring an “immediate” patent infringement action 
against  the biosimilar applicant on all patents on these simultaneously exchanged 
lists.  42 U.S.C. § 262(l)(6)(B).   
 

f. Even after the immediate litigation of 42 U.S.C. § 262(l)(6)(B) has commenced, the 
reference product  sponsor may identify additional patents that are newly issued or 
licensed after the reference product sponsor provided its patent list under 42 U.S.C. 
§ 262(l)(3)(A).  Specifically, the reference product sponsor may, not later than 30 
days after the issuance or licensing supplement that list with the newly issued or 
licensed patent(s).  42 U.S.C. § 262(l)(7).     

54. The mandatory time periods set forth in 42 U.S.C. § 262(l) give the reference 

product sponsor a limited time after receiving the biosimilar applicant’s BLA and 
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manufacturing information, the biosimilar applicant’s contentions, and the biosimilar 

applicant’s response to initial licensing opportunities to consider patent infringement before 

filing a lawsuit against the biosimilar applicant.  Specifically, 42 U.S.C. § 262(l) provides the 

reference product sponsor with 225 days after receiving the BLA and manufacturing 

information to exchange patent lists, provide detailed statements of infringement, validity, 

and enforceability, and engage in good faith negotiations regarding such patent lists prior to 

filing the “immediate” patent infringement action against the biosimilar applicant.  See 

¶¶ 53(b), (c), (d), (e), supra.  These procedures provide the reference product sponsor with 

the benefit of certainty, both as to the scope of the patent disputes and also the characteristics 

of the biosimilar product. 

55. 42 U.S.C. § 262(l) also requires the biosimilar applicant provide the reference 

product sponsor notice at least 180 days before the biosimilar applicant’s first commercial 

marketing of the biosimilar.  42 U.S.C. § 262(l)(8)(A).  The biosimilar applicant’s obligation 

to provide this advanced notice of commercial marketing is not conditioned on performance 

of any act by the reference product sponsor nor exempted in the circumstance of a biosimilar 

applicant having failed to make the initial disclosures pursuant to 42 USC § 262(l)(2)(A).  

Rather, 42 U.S.C. § 262(l)(8)(A) simply provides that the “subsection (k) applicant shall 

provide notice to the reference product sponsor not later than 180 days before the date of first 

commercial marketing of the biological product licensed under subsection (k).” 

56. The advanced notice of commercial marketing does, however, enable the 

reference product sponsor to seek a preliminary injunction before commercial marketing of the 

biosimilar product has commenced.  42 U.S.C. § 262(l)(8)(B) permits the reference product 

sponsor to seek a preliminary injunction enjoining the biosimilar applicant from commercially 

manufacturing or selling the biosimilar product until the court decides the disputed patent issues 

with respect to any patent that is on the exchanged patent lists, but which were not listed, by 

negotiation or exchange, for immediate litigation.  Accordingly, this provision gives the courts 

an opportunity to consider the reference product sponsor’s motion for preliminary injunction 
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before the status quo has changed; and gives the reference product sponsor the opportunity to 

stop the biosimilar applicant from launching its product before the patent issues are resolved.   

57. This Court has determined that the notice of commercial marketing must take 

place on or after FDA approval; that decision is currently on appeal.  See Sandoz Inc. v. Amgen 

Inc., No. C-13-2904, 2013 WL 6000069, at *2 (N.D. Cal. Nov. 12, 2013) (appeal pending, Fed. 

Cir. Appeal No. 2014-1693) (“Sandoz cannot, as a matter of law, have provided a ‘notice of 

commercial marketing’ because, as discussed above, its etanercept product is not ‘licensed under 

subsection (k).’”).   

58. After receiving the notice of commercial marketing and before such date of 

first commercial marketing of such biological product, the reference product sponsor may 

seek a preliminary injunction prohibiting the biosimilar applicant from engaging in the 

commercial manufacture or sale of such biological product until the court decides the issue of 

patent validity, enforcement, and infringement with respect to any patent identified for 

immediate patent litigation in the lists described above (see ¶ 53(e), supra).  42 U.S.C. 

§ 262(l)(8)(B).  This provision gives the courts an opportunity to consider the reference 

product sponsor’s motion for preliminary injunction before the status quo has changed and 

gives the reference product sponsor the opportunity to stop the biosimilar applicant from 

launching its product before the patent issues are resolved.   

DEFENDANTS’ BIOSIMILAR  
APPLICATION UNDER 42 U.S.C. 262(k) 

59. Upon information and belief, Defendants filed a BLA with the FDA under 

§ 351(k) of the Public Health Service Act, codified as 42 U.S.C. § 262(k), to obtain approval 

to commercially market, manufacture, import and sell a biosimilar version of NEUPOGEN® 

(filgrastim) for treating particular diseases in the United States. 

60. Upon information and belief, the biosimilar product that is the subject of 

Defendants’ BLA is designed to copy and compete with Plaintiffs’ NEUPOGEN® 

(filgrastim).  Upon information and belief, Defendants will instruct or direct others to 

administer the Sandoz biosimilar product to certain patients for treating particular diseases in 
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the United States in the same way that Plaintiffs’ NEUPOGEN® (filgrastim) is administered.  

Upon information and belief, Defendants are seeking FDA approval for one or more 

indications for which NEUPOGEN® (filgrastim) is already approved. 

61. Upon information and belief, Defendants’ BLA is the first application that the 

FDA has accepted under the § 262(k) pathway.   

62. Upon information and belief, Defendants have not and do not seek to 

independently demonstrate to the FDA that their biological product is “safe, pure, and 

potent” pursuant to 42 U.S.C. 262(a), as Amgen did in its BLA for its innovative biological 

product NEUPOGEN® (filgrastim).  Rather, upon information and belief, Defendants have 

requested that FDA evaluate the suitability of their biological product for licensure, expressly 

electing and seeking reliance on Amgen’s FDA license for NEUPOGEN® (filgrastim).   

Accordingly, Defendants submitted to the FDA publicly-available information regarding the 

FDA’s previous licensure determination that NEUPOGEN® (filgrastim) is “safe, pure, and 

potent.”  42 U.S.C. 262(k)(2)(A)(iii)(I).   

63. Upon information and belief, Defendants “received notification from the FDA on 

July 7, 2014” that the FDA had accepted their BLA for the Sandoz biosimilar product.  Letter 

from Robin Adelstein, Vice President, Legal, IP & Compliance, Sandoz Inc., to Wendy A. 

Whiteford, Vice President Law, Amgen Inc. (July 25, 2014).  Pursuant to the Biosimilar 

Biological Product Authorization Performance Goal and Procedures, which sets forth FDA goals 

for fiscal years 2013-2017, the FDA is committed to reviewing and acting “on 70 percent of 

original biosimilar biological product application submissions within 10 months of receipt” for  

biosimilar biological product applications filed in 2014.1  Therefore, the FDA will complete its 

final review of Sandoz’s biosimilar product at least by May 2015.  Upon information and belief, 

Defendants believe that they may secure FDA approval of the Sandoz biosimilar product before 

                                                 
1 FDA, Biosimilar Biological Product Authorization Performance Goals and Procedures Fiscal 
Years 2013 through 2017, 
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/%20HowDrugsareDevelop
edandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/UCM2819
91.pdf, attached as Ex. I. 

Case3:14-cv-04741   Document1   Filed10/24/14   Page21 of 39



 

21 
AMGEN’S COMPLAINT 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

May 2015.  See Letter from Robin Adelstein, Vice President, Legal, IP & Compliance, to David 

J. Scott, General Counsel and Secretary, Amgen Inc. (July 8, 2014) (Defendants’ “reasoned 

belief” is that their BLA for the Sandoz biosimilar product “will be approved by the FDA in or 

around Q1/2 of 2015.”); Letter (Oct. 20, 2014), supra ¶ 30 (confirming that “Sandoz continues to 

expect FDA approval in or around Q1/2 of 2015”). 

64. Defendants’ receipt of FDA notification that their BLA had been accepted for 

review triggered the mandatory obligations set forth in 42 U.S.C. § 262(l).  Specifically, the 

following provisions are required of Defendants, and would have been required of Amgen 

and FDA but for Defendants’ failure to timely comply with their initial disclosure pursuant to 

42 U.S.C. § 262(l)(2)(A):   

Provision Date 

FDA notifies Defendants that their application for the Sandoz 
biosimilar product has been accepted for review. 

Thursday, 
July 7, 2014 

Subsection (k) application information.  Not later than 20 days 
after Defendants’ receipt of FDA notification: 

• Defendants “shall provide” to Amgen a copy of the 
application submitted to the FDA under § 262(k), and 
such other information that describes the process or 
processes used to manufacture the biological product that 
is the subject of such application.  42 U.S.C. § 262(l)(2).   

On or before 
Monday, 

July 28, 2014 

List and description of patents.  Not later than 60 days after 
Amgen’s receipt of Defendants’ BLA and manufacturing 
information: 

• Amgen “shall provide” to Defendants a list of patents for 
which Amgen believes a claim of patent infringement 
could reasonably be asserted by Amgen.  42 U.S.C. 
§ 262(l)(3)(A)(i).   

• Amgen “shall provide” to Defendants an identification of 
the patents on such list that Amgen would be prepared to 
license to Defendants.  42 U.S.C. § 262(l)(3)(A)(ii). 

On or before 
Friday, 

September 26, 
2014 

List and description by subsection (k) applicant.  Not later than 
60 days after Defendants’ receipt of Amgen’s patent list: 

• Defendants “may provide” to Amgen a list of patents that 
Defendants believes could reasonably be asserted by 

On or before 
Tuesday, 

November 25, 
2014 
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Provision Date 

Amgen.  42 U.S.C. § 262(l)(3)(B)(i). 

• Defendants “shall provide” to Amgen with respect to each 
patent on Plaintiffs’ list a detailed statement describing on 
a claim by claim basis, the factual and legal basis of 
Defendants’ opinion that such patent is invalid, 
unenforceable, or will not be infringed by the commercial 
marketing of the Sandoz biosimilar product; or a 
statement that Defendants do not intend to begin 
commercial marketing of the Sandoz biosimilar product 
before the date that such patent expires.  42 U.S.C. 
§ 262(l)(3)(B)(ii). 

• Defendants “shall provide” to Amgen a response 
regarding each patent identified by Amgen in its patent 
list.  42 U.S.C. § 262(l)(3)(B)(iii). 

Description by reference product sponsor.  Not later than 60 days 
after Amgen’s receipt of Defendants’ list and statement: 

• Amgen “shall provide” to Defendants a detailed statement 
that describes, with respect to each patent described in 
Defendants’ detailed statement, on a claim by claim basis, 
the factual and legal basis of Plaintiffs’ opinion that such 
patent will be infringed by the commercial marketing of 
the Sandoz biosimilar product and a response to 
Defendants’ statement concerning validity and 
enforceability.  42 U.S.C. § 262(l)(3)(C). 

On or before 
Monday, 

January 26, 2015 

Patent resolution negotiations.  After Defendants receive 
Plaintiffs’ detailed statement: 

• Amgen and Defendants “shall engage” in good faith 
negotiations to agree on which, if any, patents listed by 
Amgen and Defendants shall be the subject of an action 
under 42 U.S.C. § 262(l)(6) for patent infringement.  42 
U.S.C. § 262(l)(4). 

 

Immediate patent infringement action if agreement on patent list.  
If there is agreement, then not later than 30 days after such 
agreement: 

• Amgen “shall bring” an action for patent infringement 
with respect to each patent.  42 U.S.C. § 262(l)(6)(A). 

On or before 
Wednesday, 

February 25, 2015, 
assuming 

negotiations began 
on Monday, 

January 26, 2015. 

Patent resolution if no agreement.  If there is no agreement, then 
within 15 days of beginning negotiations: 

On or before 
Monday, 

February 16, 2015, 
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Provision Date 

• Defendants “shall notify” Amgen of the number of patents 
that Defendants will provide to Amgen.  42 U.S.C. 
§§ 262(l)(4)(B), 262(l)(5)(A). 

• Within 5 days after Defendants notifies Amgen, the 
parties “shall” simultaneously exchange the list of patents 
that each party believes should be the subject of an action 
for patent infringement under 42 U.S.C. § 262(l)(6).  42 
U.S.C. § 262(l)(5)(i). 

assuming that 
Defendants 

notified Amgen on 
Tuesday, February 

10, 2015. 

Immediate patent infringement action if no agreement on patent 
list.  Not later than 30 days after the exchange of second patent 
lists if there is no agreement: 

• Amgen “shall bring” an action for patent infringement 
with respect to each patent that is included on such lists.  
42 U.S.C. § 262(l)(6)(B). 

On or before 
Wednesday, 

March 18, 2015 

Notification and publication of the Complaint.  Not later than 30 
days after Amgen serves a complaint to Defendants in an action 
for patent infringement under 42 U.S.C. § 262(l)(6): 

• Defendants “shall provide” the FDA with notice and a 
copy of such complaint.  42 U.S.C. § 262(l)(6)(C)(i). 

• The FDA “shall publish” in the Federal Register notice of 
the received complaint.  42 U.S.C. § 262(l)(6)(C)(ii). 

On or before 
Friday, 

March 27, 2015 
if there were 
agreement  

 
On or before 

Friday, 
April 17, 2015 
if there were no 

agreement 

65. In addition, Defendants are required under 42 U.S.C. § 262(l)(8)(A) to 

provide notice to Amgen not later than 180 days before the date of first commercial 

marketing, which this Court has held can only take place on or after FDA approval, as 

discussed above in ¶ 57.   

66. After receiving such notice and before such date of the first commercial 

marketing, Amgen may seek a preliminary injunction prohibiting Defendants from engaging 

in the commercial manufacture or sale of the Sandoz biosimilar product until the court 

decides the issue of patent validity, enforcement, and infringement with respect to any patent 

that is on the exchanged patent lists, but not on the negotiated or exchanged lists for 

immediate litigation.  42 U.S.C. § 262(l)(8)(B).  This provision is intended to permit Amgen 
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to seek an injunction in time to prevent irreparable harm to Plaintiffs, i.e., before Defendants 

first market commercially or launch the Sandoz biosimilar product. 

67. Upon information and belief, Defendants are attempting to obtain the benefits 

of the BPCIA by filing their BLA under the § 262(k) pathway without complying with the 

requirements that Congress also imposed through the BPCIA on biosimilar applicants.  For 

example, Defendants made a deliberate decision not to provide Amgen with a copy of its 

BLA, together with other information necessary to describe the process(es) for 

manufacturing the biosimilar product, within 20 days of receiving notification of FDA 

acceptance of their application.  Under 42 U.S.C. § 262(l)(2), Sandoz was required to provide 

Amgen with such materials by Monday, July 28, 2014.  To date, Amgen still has not received 

such materials, and Defendants continue to enjoy the benefit of FDA review of their 

application in reliance on Amgen’s prior biological product license for filgrastim. 

68. Instead of providing their BLA and manufacturing information, Defendants 

proposed to Amgen that the parties exchange information without following the mandatory 

provisions of 42 U.S.C. § 262(l)(2).  On July 28, 2014, Amgen received a letter from 

Defendants stating that they “opted not to provide Amgen with Sandoz’s biosimilar 

application within 20 days of the FDA’s notification of acceptance.”  Letter (July 25, 2014), 

supra ¶ 63.  Upon information and belief, Defendants’ failure to provide their BLA and 

manufacturing information was an attempt to prevent Amgen from learning the details of 

their process(es) for manufacture, to avoid patent infringement litigation on any 

manufacturing patents, and to avoid the patent exchanges required by the statute; and instead 

to go directly to litigation.  Defendants indicated that they wished to sidestep the entire 

procedure laid out by the statute in their correspondence.  Id. (“Amgen is entitled to start a 

declaratory judgment action”).  They confirmed this point in their subsequent letter as well.  

Letter from Julia Pike, Head of Global IP Litigation, to Wendy A. Whiteford, Vice President 

Law, Amgen Inc. (Sept. 4, 2014) (Amgen’s “next step under the BPCIA can only be starting 

a declaratory judgment action as specified in that statute”) (emphasis in original).   
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69. In addition, Defendants proposed in July 8, 2014 and July 21, 2014 Letters that 

they provide Amgen with their BLA pursuant to an Offer of Confidential Access.   Letter (July 

25, 2014), supra ¶ 63; see also Letter (July 8, 2014), supra ¶ 63 (also proposing an Offer of 

Confidential Access).  In both letters, Defendants proposed exchanging their BLA, but not  

manufacturing information.  In the July 8, 2014 Letter, Defendants also proposed that Amgen 

forfeit its right to use the exchanged BLA information as a basis to allege infringement under 35 

§ 271(g), which provides that “[w]hoever without authority imports into the United States or 

offers to sell, sells, or uses within the United States a product which is made by a process 

patented in the United States shall be liable as an infringer, if the importation, offer to sell, sale, 

or use of the product occurs during the term of such process patent.”  42 U.S.C. § 262(l)(1)(A) 

permits the biosimilar applicant and the reference product sponsor to agree to alternative 

provisions for the exchange of confidential information.  But, this provision applies only to the 

confidentiality terms that will apply to the information exchanged.  The sequence and content of 

the exchanges, and the obligations imposed on the biosimilar applicant and reference product 

sponsor, by   42 U.S.C. § 262(l)(2) through  42 U.S.C. § 262(l)(8) are mandatory regardless of 

what confidentiality provisions may be agreed under  42 U.S.C. § 262(l)(1).  Further, in the 

absence of agreement (“unless otherwise agreed to” by the biosimilar applicant and the reference 

product), the statute requires that the parties proceed with the confidentiality provisions provided 

in 42 U.S.C. § 262(l)(1)(A).  Defendants’ Offer of Confidential Access purported to replace the 

requirements of 42 U.S.C. § 262(l)(2) through  42 U.S.C. § 262(l)(8) with an entirely different 

procedure under which Amgen would have been obligated to commence any patent infringement 

litigation within 60 days of its receipt of Defendants’ BLA information; attempted to limit the 

exchange of information to Defendants’ BLA and not include any manufacturing information; 

and in the July 8, 2014 Letter, attempted to limit Amgen’s cause of actions for patent 

infringement to exclude process patents.  Defendants’ attempts to modify the statutory provisions 

is not legally permissible. 

70. Amgen responded that it was not willing to agree to Sandoz’s Offers of 

Confidential Access that each attempted to narrow the scope of Defendants’ disclosures 
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compared to that set forth in the statute, and reminded Defendants of their statutory 

obligation to provide its BLA and manufacturing information to Amgen.  Letter from Wendy 

A. Whiteford, Vice President Law, Amgen Inc., to Robin Adelstein, Vice President, Legal IP 

& Compliance, Sandoz Inc. (Aug. 22, 2014).  After Amgen responded, Defendants sent 

Amgen another letter dated September 4, 2014, asserting that Defendants had decided “not to 

disclose our application to Amgen” and chosen not to exercise their “right to use the patent 

information exchange process of the BPCIA.”  Letter (Sept. 4, 2014), supra ¶ 68.  

Defendants sent another letter on October 20, 2014, purporting to “remind” Amgen of “our 

July 8, 2014 letter which provided you with Sandoz’s notice of commercial marketing 

pursuant to 42 U.S.C. 262(l)(8)(A).”  Letter (Oct. 20, 2014), supra ¶ 30. 

71. Upon information and belief, Defendants’ violation of 42 U.S.C. § 262(l)(2) is 

part of a carefully orchestrated scheme to deprive Amgen of the substantive and procedural 

benefits of the BPCIA.   

72. In particular, receipt of the BLA and manufacturing information gives the 

reference product sponsor the opportunity to evaluate the manufacturing processes used by 

the biosimilar applicant to determine whether those processes would infringe any patents 

held by the reference product sponsor, including under 35 U.S.C. § 271(g).  The purpose of 

the statutory provisions of 42 U.S.C. § 262(l)(2) is, inter alia, to permit such an evaluation, 

as in the absence of such a disclosure, the reference product sponsor has no access to the 

BLA and manufacturing information.  Had Defendants provided Amgen with a copy of their 

BLA and manufacturing information, Amgen would have been in a position:  (1) to provide 

to Defendants a list of patents for which Amgen believes a claim of patent infringement 

could reasonably be asserted as to the Sandoz biosimilar product, and (2) to identify to 

Defendants whether Amgen would be prepared to grant a license to Defendants under any of 

the patents included on such a list.  See 42 U.S.C. § 262(l)(3)(A).  Amgen has an extensive 

portfolio of patents relating to various aspects of the manufacture of biological products.  

However, because Defendants’ manufacturing process for the Sandoz biosimilar product is 

secret, without the disclosure required under 42 U.S.C. § 262(l)(2) Amgen’s ability to 
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conduct  a full and complete evaluation of its patent portfolio with respect to Defendants’ 

specific product, process(es) of manufacture, and uses is undermined and delayed.  By 

unlawfully withholding the information required under 42 U.S.C. § 262(l)(2) Defendants 

have thereby frustrated the statutory purpose and deprived Plaintiffs of the opportunity to 

seek redress for potential infringement.   

73. One patent which Amgen believes could have been identified on its list 

pursuant to 42 U.S.C. § 262(l)(3)(A)(i), is U.S. Patent No. 6,162,427 (“the ’427 patent”), 

which covers a method of using NEUPOGEN® (filgrastim) to treat a disease requiring 

peripheral stem cell transplantation in a patient in need of such treatment.  However, Amgen 

holds numerous other patents directed to processes for manufacturing products such as the 

Sandoz biosimilar product.  As noted above, had Defendants provided Amgen with a copy of 

their BLA and information necessary to describe the process(es) for manufacturing the 

Sandoz biosimilar product, Amgen would have complied with its obligations under 42 U.S.C. 

§ 262(l)(3) and identified any patents to which a claim of patent infringement could 

reasonably be asserted.  Amgen therefore reserves the right to seek leave to assert additional 

patents following eventual receipt of Defendants’ BLA and manufacturing information and 

other relevant information to be produced in discovery in this action under the Federal Rules. 

74. Further, had Defendants complied with the statutory requirements, then 

Amgen could have brought a patent infringement action, if necessary, against Defendants 

under 42 U.S.C. § 262(l)(6) in February or March 2015.  Because Defendants did not comply 

with the mandatory disclosure requirements of 42 U.S.C. § 262(l)(2), however, Amgen was 

deprived of any opportunity to review Defendants’ BLA and manufacturing information, 

identify a comprehensive list of infringed patents, and review Defendants’ contentions,  and, 

possibly, licensing position, prior to bringing an action.  Amgen also lost the benefit of the 

time provided in 42 U.S.C. § 262(l)(2) for Amgen and Defendants to identify potentially 

disputed patents, the time to evaluate those patents, the substantive exchange of statements 

concerning those patents, and the ability to identify more patents after exchanging patent lists 

prior to Amgen bringing a patent infringement action.   Defendants’ actions also create the 
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substantial and continuing risk that Plaintiffs may not be able to obtain manufacturing 

information regarding Defendants’ biosimilar product that would permit Plaintiffs to assert 

their process patents prior to commercialization of the biosimilar product.  Forcing Plaintiffs 

to assert one or more of their patents (including process patents) after Defendants’ 

commercial entry into the market harms Plaintiffs by diminishing the value of such patents. 

75. Additionally, Defendants violated the statute by not providing Amgen with a 

legally operative notice of commercial marketing.  Upon information and belief, Defendants 

do not intend to provide Amgen with a notice of commercial marketing on or after FDA 

approval.  Therefore, Defendants intend to and/or will violate the BPCIA absent an order of 

the Court compelling Defendants to comply.   

76. Each of Defendants’ unlawful acts (violation of 42 U.S.C. § 262(l)(2)(A) and 

violation of 42 U.S.C. § 262(l)(8)(A)) independently deprive Amgen of the benefits afforded 

under the statute and which Congress provided to reference product sponsors.  Defendants’ 

failure to provide the BLA and manufacturing information to Amgen under 42 U.S.C. § 

262(l)(2)(A) deprives Plaintiffs of the opportunity to seek a preliminary injunction enjoining 

Defendants from engaging in the commercial manufacture or sale of the Sandoz biosimilar 

product in time to prevent irreparable harm to Plaintiffs, i.e., after FDA approval of the 

Sandoz biosimilar product but before Defendants’ commercial marketing of the biosimilar 

product.  In addition, Defendants’ failure to provide a legally operative notice of commercial 

marketing deprives Plaintiffs of the opportunity to seek a court intervention to prevent 

Plaintiffs from suffering irreparable harm.  This too prevents Plaintiffs from enjoining 

Defendants in time to prevent irreparable harm. 

FIRST CAUSE OF ACTION 
(UNFAIR COMPETITION UNDER CAL. BUS. & PROF. CODE § 17200 et seq.) 

77. The allegations of ¶¶ 1-76 are repeated and incorporated herein by reference. 

78. Defendants’ actions in filing a BLA with the FDA under the § 262(k) pathway 

for approval to commercially market, manufacture, import and sell a biosimilar version of 

Plaintiffs’ product NEUPOGEN® (filgrastim), and in planning the launch of a biosimilar 
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version of Plaintiffs’ product NEUPOGEN® (filgrastim) is a business practice under 

California state law of unfair competition.   

79. Defendants have violated Cal. Bus. & Prof. Code § 17200 et seq. by seeking 

FDA approval for Sandoz biosimilar product under the BPCIA’s abbreviated approval 

pathway of § 262(k), while refusing to comply with other statutory requirements of the 

BPCIA, specifically those that protect the interest of Amgen (the reference product sponsor).  

As set forth in ¶¶ 50-58 and ¶ 64 above, Defendants’ receipt of FDA notification that their 

BLA was accepted for review triggers a set of deadlines requiring, among other things, 

Defendants to provide their BLA and manufacturing information to Amgen within twenty 

days.  Defendants have unlawfully withheld from Amgen the BLA and manufacturing 

information that Defendants were required to disclose under 42 U.S.C. § 262(l)(2)(A).   

80. In addition and as a separate and independent unlawful act, Defendants have 

failed and/or will imminently fail to meet its statutory obligation under 42 U.S.C. 

§ 262(l)(8)(A) to provide notice of commercial marketing to Amgen upon or after FDA 

approval.  Defendants’ violations of the BPCIA satisfy the “unlawful” prong of § 17200. 

81. By reason of, and as a direct and proximate result of, Defendants’ independent 

acts of unlawful conduct, Plaintiffs have suffered and will continue to suffer injury to its 

business and property.  As set forth in ¶¶ 64-76 above, Defendants’ actions deprive Amgen 

of the BLA and manufacturing information, Defendants’ patent list(s), and Defendants’ 

detailed statements, all of which are required under the statute.  Accordingly, Plaintiffs do 

not have sufficient information to identify patents and infringement claims; and Plaintiffs’ 

determination of whether to file a patent infringement action and which patent claims to 

assert against Defendants is delayed.  Further and as an independent ground, Defendants’ 

conduct threatens to deprive Plaintiffs of the opportunity to seek a preliminary injunction in 

time to prevent irreparable harm, i.e., after FDA approval of the Sandoz biosimilar product 

but before Defendants’ commercial marketing of the biosimilar product. 

82. By reason of and as a direct and proximate cause of Defendants’ unlawful 

conduct, Plaintiffs have suffered economic injury to their business in the form of lost money 
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that was spent to monitor and respond to Defendants’ acts of unfair competition.  Plaintiffs 

will also suffer lost profits and increased costs if Defendants are permitted to commercially 

market the Sandoz biosimilar product without satisfying their obligations under 42 U.S.C. 

§ 262(l).  In addition, Plaintiffs will suffer loss of value of their patents as a result of 

Defendants’ actions by forcing Plaintiffs to assert one or more of their patents (including 

process patents) after Defendants’ commercial entry into the market as discussed in ¶ 74 

above. 

83. Plaintiffs are entitled to full restitution for the revenues, earnings, profits, 

compensation, and benefits that Plaintiffs will lose and Defendants obtain as a result of such 

unlawful business practices.  For example, if Defendants are permitted to commercially 

market the Sandoz biosimilar product without providing the required 180-day notice to 

Amgen that would have allowed Plaintiffs to bring a motion for preliminary injunction, then 

Plaintiffs are entitled to restitution for the period of time between Defendants’ market entry 

and a court’s decision on Plaintiffs’ motion for preliminary injunction.   

84. The unlawful conduct alleged herein is continuing and there is no indication 

that Defendants will cease the conduct. 

85. Plaintiffs are entitled to an order enjoining Defendants from commercially 

marketing the biosimilar product until Plaintiffs are restored to the position they would have 

been had Defendants met their obligations under the BPCIA, e.g., providing Amgen with the 

BLA and manufacturing information and the equivalent information and time required under 

42 U.S.C. § 262(l) for evaluating Defendants’ BLA and manufacturing information so that 

Plaintiffs may bring a patent infringement action and/or preliminary injunction  in time to 

prevent irreparable harm to Plaintiffs (after FDA approval of the Sandoz biosimilar product 

but before Defendants’ commercial marketing of the biosimilar product).   

86. Plaintiffs are entitled to an order compelling Defendants to provide Amgen 

with notice of commercial marketing on or after FDA licensure of its biosimilar product, and 

no later than 180 days before Defendants’ first commercial marketing of that product.     
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SECOND CAUSE OF ACTION 
(CONVERSION) 

87. The allegations of ¶¶ 1-86 are repeated and incorporated herein by reference. 

88. The FDA is charged by Congress with promoting “the public health by 

promptly and efficiently reviewing clinical research and taking appropriate action on the 

marketing of regulated products in a timely manner.”  21 U.S.C. § 393.  The FDA pursues 

this mission vigorously and effectively in cooperation with applicants who market or seek to 

market regulated products.  One important function of the FDA is to prescribe standards and 

measure compliance with a multistep process for approval for drugs and biological products.   

89. As discussed above in ¶ 43, for reference products, FDA approval requires a 

demonstration that the “the biological product that is the subject of the application is safe, 

pure, and potent.”  42 U.S.C. § 262(a)(2)(C)(i)(I).  The same demonstration is not required 

for FDA approval of biosimilar products under the § 262(k) pathway.  Rather, a biosimilar 

applicant under the § 262(k) pathway selects a single reference product for which it seeks 

FDA evaluation of its biological product as a biosimilar, and submits to the FDA “publicly-

available information regarding the Secretary’s previous determination that the reference 

product is safe, pure, and potent.”  42 U.S.C. § 262(k)(2)(A)(iii)(I).  In order to obtain the 

benefit of the BPCIA’s abbreviated approval pathway for biosimilar products, § 262(k) 

pathway, including reliance of the reference product sponsor’s prior FDA licensure,  

applicants must follow the BPCIA’s procedures set forth in 42 U.S.C. § 262(l) regarding the 

disclosure of information to the reference product sponsor, the exchange of contentions, the 

negotiation of disputes for resolution or litigation, and notice of commercial marketing to the 

reference product sponsor. 

90. The biological license for NEUPOGEN® (filgrastim) is owned by Amgen and 

exclusively licensed to AML.  Plaintiffs have a legitimate claim to exclusivity in the license 

because of the significant effort, investment, and expertise required to obtain the license:  

Amgen expended considerable time, expense, and resources in research and design; Amgen 

conducted the appropriate tests and compiled the necessary data; Amgen prepared the BLA 
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for NEUPOGEN® (filgrastim) and engaged in negotiations with the FDA regarding the 

BLA; Amgen demonstrated to the FDA that NEUPOGEN® (filgrastim) is safe, pure, and 

potent; and Amgen supplemented its BLA with the FDA.  In addition, Amgen’s license has 

value because it enables biosimilar applicants, such as Defendants, to secure approval of a 

biological product as biosimilar NEUPOGEN® (filgrastim) without the delay, burden, or 

expense of demonstrating to the FDA that such biosimilar product is independently “safe, 

pure, and potent.”  Thus, the license to NEUPOGEN® (filgrastim) owned by Amgen and 

exclusively licensed to AML is a property right that is recognized by the law in that 

Plaintiffs’ interest is precisely defined and capable of exclusive possession.   

91. Defendants’ use of the license for NEUPOGEN® (filgrastim) to obtain a 

governmental privilege (FDA approval to market, manufacture, import, and sell the Sandoz 

biosimilar product for use in the United States) for Defendants’ own benefit and profit is an 

act of conversion.  Specifically, Defendants filed a BLA for the Sandoz biosimilar product 

that intentionally uses Amgen’s prior demonstration of the safety, purity, and potency of 

NEUPOGEN® (filgrastim), but without Plaintiffs’ authorization or permission and without 

satisfying the mandatory provisions of 42 U.S.C. § 262(l) that apply to biosimilar applicants.  

By filing their BLA for the Sandoz biosimilar product under the § 262(k) pathway rather than 

the § 262(a) pathway, Defendants seek to obtain a valuable benefit from the license for 

NEUPOGEN® (filgrastim).  Without Amgen’s efforts, the information relied on by 

Defendants for the safety, purity, and potency of the Sandoz biosimilar product would not 

exist.  As a result, Defendants have converted property belonging to Plaintiffs.  

92. By reason of and as a direct and proximate cause of Defendants’ wrongful 

acts of conversion, Plaintiffs have suffered and will continue to suffer damages due to the 

lost value of Amgen’s biological license for NEUPOGEN® (filgrastim).  The detriment 

caused by Defendants’ conversion is presumed to include the value of Plaintiffs’ property at 

the time of conversion.  See Cal. Civ. Code § 3336.  Here, Defendants have derived and will 

continue to derive value from Amgen’s license by seeking approval under the abbreviated 

§ 262(k) pathway rather than the § 262(a) pathway.  Had Defendants not wrongfully 
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converted Plaintiffs’ property, Defendants would have had to incur the time and money for 

filing a BLA under the § 262(a) pathway, just as Amgen did to obtain its license for 

NEUPOGEN® (filgrastim).   

93. In addition, Defendants’ conduct will diminish the value of the 

NEUPOGEN® (filgrastim) license that is owned by Amgen and exclusively licensed to 

AML.  If Defendants are permitted to convert Plaintiffs’ property—without authorization or 

permission and without satisfying the mandatory provisions of 42 U.S.C. § 262(l) that apply 

to biosimilar applicants—and obtain FDA approval to launch the Sandoz biosimilar product, 

then the biological license will no longer be exclusive.  Consequently, Plaintiffs will suffer 

economic injury to their business in the form of lost sales, revenue, market share, and asset 

value.   

94. By reason of and as a direct and proximate cause of Defendants’ wrongful 

acts of conversion, Plaintiffs have suffered economic injury to their business in the form of 

lost money that was spent to monitor and respond to Defendants’ acts of conversion.  The 

detriment caused by Defendants’ conversion is presumed to include fair compensation for the 

time and money properly expended by Plaintiffs in pursuit of their property.  See Cal. Civ. 

Code § 3336. 

95. Upon information and belief, Defendants’ conversion of Plaintiffs’ property is 

oppressive and malicious.  As a result of such conduct, Plaintiffs are entitled to punitive 

damages.  See California Civil Code § 3294. 

96. The unlawful conduct alleged herein is continuing and there is no indication 

that Defendants will cease the conduct. 

97. Plaintiffs are entitled to an order enjoining Defendants from continuing to 

seek FDA review of their § 262(k) application and/or compelling Defendants to suspend 

FDA review of their § 262(k) application until Defendants have obtained permission from 

Plaintiffs to use the NEUPOGEN® (filgrastim) license or require Defendants to restore to 

Amgen the benefits afforded to reference product sponsors in the statute, e.g., providing 

Amgen with the equivalent information and time required under the statute for evaluating 
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Sandoz’s BLA and manufacturing information, exchanging patent lists and information, 

negotiating patent lists, receiving Defendants’ notice of commercial marketing, and bringing 

patent infringement actions and preliminary injunction motions. 

THIRD CAUSE OF ACTION 
(PATENT INFRINGEMENT) 

98. The allegations of ¶¶ 1-97 are repeated and incorporated herein by reference.   

99. Amgen is the owner of all right, title and interest in the ’427 patent. 

100. The ’427 patent is titled “Combination of G-CSF With a Chemotherapeutic 

Agent for Stem Cell Mobilization” and was duly and legally issued by the USPTO on 

December 19, 2000.  The inventors of the ’427 patent are Matthias Baumann and Peter-Paul 

Ochlich.  A true and correct copy of the ’427 patent is attached hereto as Ex. H. 

101. Upon information and belief, the purpose of Defendants’ BLA for the Sandoz 

biosimilar product is to obtain approval to engage in the commercial marketing, manufacture, 

import,  and sale of a biological product for treating particular diseases in the United States, 

one use of which is claimed in the ’427 patent before the expiration of such patent.  Upon 

information and belief, Defendants seek to market, manufacture, import, distribute, sell, 

and/or offer to sell the Sandoz biosimilar product for treating particular diseases  in the 

United States immediately upon receipt of FDA approval and prior to the expiration of the 

’427 patent. 

102. Defendants have committed a statutory act of infringement under 35 U.S.C. 

§ 271(e)(2)(C)(ii) of the ’427 patent by virtue of their submission of the BLA for the Sandoz 

biosimilar product and failure to provide the required BLA and manufacturing information to 

Amgen within 20 days after the FDA notified Defendants on July 7, 2014 that their BLA was 

accepted for review. 

103. Upon information and belief, Defendants intended to violate the statute by 

failing to disclose the required BLA and manufacturing information to Amgen within 20 

days after the FDA accepted Defendants’ BLA, and Defendants chose to disclose their non-
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compliance to Amgen one day after the 20 day period had expired.  Defendants’ actions 

constitute a knowing and willful infringement under 35 U.S.C. § 271(e)(2)(C)(ii). 

104. Plaintiffs are entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) 

preventing Defendants’ from profiting by their deliberate non-compliance with the 

mandatory provisions of 42 U.S.C. § 262(l) by issuing an appropriately tailored injunction 

against the commercial manufacture, import, offer for sale, or sale of Sandoz’s biosimilar 

product, and restoring Plaintiffs to the position in which they would have been but for such 

non-compliance.  Defendants must restore to Amgen the benefits afforded to reference 

product sponsors in the statute, e.g., providing Amgen with the equivalent information and 

time required under the statute for evaluating Sandoz’s BLA and manufacturing information, 

exchanging patent lists and information, negotiating patent lists, receiving Defendants’ notice 

of commercial marketing, and bringing patent infringement actions and preliminary 

injunction motions. 

105. Plaintiffs are further entitled to injunctive relief against Defendants to prevent 

the commercial manufacture, use, offer to sell, or sale within the United States of the Sandoz 

biosimilar product.  See 35 U.S.C. § 271(e)(4)(B). 

106. As set forth in ¶¶ 72-73 above, Plaintiffs reserve the right to seek leave to 

assert additional patents following eventual receipt of Defendants’ BLA and manufacturing 

information and other relevant information to be produced in discovery in this action under 

the Federal Rules. 
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PRAYER FOR RELIEF 

WHEREFORE, Plaintiffs respectfully request that this Court enter judgment in their 

favor against Defendants and grant the following relief: 

A. Declaring that Defendants have engaged in unfair competition under Cal. Bus. 

& Prof. Code § 17200 et  seq.; 

B. Awarding Plaintiffs restitution for Defendants’ acts of unfair competition, 

including Defendants’ unlawful proceeds such as gross profits; 

C. Enjoining Defendants from commercially marketing the biosimilar product 

until Amgen is restored to the position it would have been had Defendants met their 

obligations under the BPCIA; 

D. Enjoining Defendants from commercially marketing the biosimilar product 

until Defendants have provided Amgen with notice of commercial marketing on or after 

FDA licensure of its biosimilar product, and no later than 180 days before Defendants’ first 

commercial marketing of that product;     

E. Enjoining Defendants from continuing to seek FDA review of their § 262(k) 

application and/or compelling Defendants to suspend FDA review of their § 262(k) 

application until Defendants have obtained permission from Plaintiffs to use the 

NEUPOGEN® (filgrastim) license or require Defendants to restore to Amgen the benefits 

afforded to reference product sponsors in the statute;  

F. Awarding Plaintiffs compensatory damages for Defendants’ acts of 

conversion; 

G. Awarding Plaintiffs restitution for Defendants’ acts of conversion, including 

Defendants’ unlawful proceeds such as gross profits; 

H. Awarding Plaintiffs punitive damages for Defendants’ acts of conversion; 

I. Adjudging and decreeing that Defendants have committed a statutory act of 

infringement under 35 U.S.C. § 271(e)(2)(C)(ii) of the’427 patent by submitting their BLA to 

the FDA for approval of the Sandoz biosimilar product without providing the required BLA 

and manufacturing information to Amgen; 
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J. Declaring that Defendants’ infringement under 35 U.S.C. § 271(e)(2)(C)(ii) is 

and/or will be willful and that this is an exceptional case under 35 U.S.C. § 285; 

K. Enjoining Defendants, their respective officers, agents, servants and 

employees, and those persons in active concert or participation with any of them, from 

infringing the ’427 patent, or inducing anyone to do the same, including the manufacture, 

use, offer to sell, sale, importation or distribution of any current or future versions of the 

Sandoz biosimilar product described in Defendants’ BLA while the litigation is pending; 

L. Permanently enjoining Defendants, their respective officers, agents, servants 

and employees, and those persons in active concert or participation with any of them, from 

infringing the ’427 patent, or inducing anyone to do the same, including the manufacture, 

use, offer to sell, sale, importation or distribution of any current or future versions of the 

Sandoz biosimilar product described in Defendants’ BLA; 

M. Awarding Plaintiffs their attorneys’ fees, costs, and expenses; and 

N. Awarding Plaintiffs such other and further relief as this Court may deem to be 

just and proper. 

DEMAND FOR A JURY TRIAL 

 Plaintiffs hereby demand a jury trial on all issues so triable. 
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Date:  October 24, 2014 
 

___/s/ Vernon M. Winters________________ 
Vernon M. Winters (SBN 130128)  
SIDLEY AUSTIN LLP 
555 California Street, Suite 2000  
San Francisco, CA 94104 
Telephone: (415) 772-1200 
Facsimile: (415) 772-7400 
vwinters@sidley.com 

 
Attorneys for Plaintiffs Amgen Inc. and  
Amgen Manufacturing, Limited 

 
 

OF COUNSEL: 
Nicholas Groombridge (pro hac vice application to be filed) 
Jennifer Gordon 
Peter Sandel (pro hac vice application to be filed) 
Jennifer H. Wu (pro hac vice application to be filed) 
Michael T. Wu (pro hac vice application to be filed) 
PAUL, WEISS, RIFKIND, WHARTON  
& GARRISON LLP 
1285 Avenue of the Americas 
New York, NY  10019 
Telephone: (212) 373-3000 
Facsimile: (212) 757-3990 
ngroombridge@paulweiss.com 
 
Wendy A. Whiteford 
Lois M. Kwasigroch 
Kimberlin L. Morley 
AMGEN INC. 
One Amgen Center Drive 
Thousand Oaks, CA 91320-1789 
Telephone: (805) 447-1000 
Facsimile: (805) 447-1010 
wendy@amgen.com 
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leader in biosimilars and differentiated products. Throughout our long and

distinguished history, we have been led by dedicated and visionary
individuals who have always aspired to be one step ahead and who have
delivered success through high-quality products and services.

Learn about our proud history and heritage by reading about our key
historical milestones:

The Early Years 1886 1939

The Start of Anti-infectives 1946 1963

Expansion and Diversification 1964 1982

A New Corporate Structure 1990 1998

A Global Generics Business 2000 2013

2000 lale,tis Generics acquires BASF Pham,a s EL.'ocea.-

business through which it gains entry to the markets of France and Italy
with GNR Pharma and the UK with Lagap. Apotneccon is also acquired in

the United States and Grandis in Germany.

2001 Sandoz enters the Argentinian market under the name of Labinca.

2002 Sandoz acquires Lek Pharmaceuticals d.d., Slovenia's largest
pharmaceutical company with a strong presence in Central and Eastern

Ey rope.

2003 Novartis unites its generics businesses under one single global
brand as known today: Sandoz. The Amifarma S.L. production plant in

Palafolls, located near Barcelona. Spain is also acquired.

2004 Through acquisition of Sabex, Sandoz establishes a new presence in

Canada, the sixth largest generics market worldwide. A new operational
hub in the Nordic region is founded through its acquisition of Durascan, the

generic subsidiary of Astra-Zeneca in Denmark.

2005 Sandoz acquires HEXAL and Eon Labs, two other premier generics
companies, strengthening its market position globally and achieving a top
position in key markets, particularly the U.S. and Germany.

2006 Sandoz becomes the first generics pharmaceutical company to

receive approval for a biosimilar product in the EU and US. OrnnitropeS, a

recombinant human growth hormone, approved by the EMEA (European
Medicines Agency) also becomes the first biosimilar to receive approval
from the US Food and Drug Administration (FDA).

2007 Sandoz gains EU market approval for the world's first complex
biosimilar, BinocritS, a follow-on version of life-saving anemia medicine
epoetin alfa. The approval marks a key milestone in Sandoz's efforts to bring
szate-c`-tne-a'*: biosimue.s. zc z!obe.
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marking another important milestone in its efforts to bring affordable high-
quality biopharmaceuticals to patients worldwide.

2009 Sandoz completes acquisition of EBEWE Pharma's specialty generic
injectables business. improving worldwide access to affordable injectable
cancer medicines and paving the way for the creation of a global center of
excellence in generic oncology injectables.

2010 Sandoz acquires Oriel Therapeutics of the US, entering the market
of respiratory inhalables, adding a third pillar to its differentiated value-
added portfolio. Sandoz's generic enoxaparin is also approved by the US

FDA as a fully substitutable generic in the US, indicating the FDA's erowing
confidence in the ability to designate complex non-patented molecules as

interchangeable.

2011 Sandoz Japan announces generic pharmaceutical alliance with
Nipro Corporation, focusing on a broad range of cross-licensing and co-

development opportunities for the Japanese generics market. Through the
acquisition of Alcon's US generics business, Falcon Pharmaceuticals.
Sandoz positions itself as the global #1 in generic ophthalmics.

2012 Sandoz acquires Fougera Pharmaceuticals, positioning Sandoz as

#1 in generic (topical) dermatology. With innovative products and
affordable, high-quality generic medicines focused on skin conditions,
Fougera has strong generic dermatology development and manufacturine
expertise, particularly in the area of semi-solid forms such as creams and
ointments, as well as a well-known branded business, PharmaDerm.
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FDA accepts Sandoz application for biosimilar filgrastim  
  

 Sandoz is the first company to announce it has filed for approval of a biologic under 
the biosimilars pathway created in the Biologics Price Competition and Innovation Act 
of 2009 (BPCIA). 

 FDA’s acceptance of Sandoz’s filing is an important first step in increasing US patient 
access to affordable, high-quality biologics  

 Sandoz is a global leader in biosimilars with over 50% share of the global biosimilars 
market [1] 

 
Holzkirchen, July 24, 2014 – Sandoz, a Novartis Group company, announced today that the 
US Food and Drug Administration (FDA) has accepted its Biologics License Application for 
filgrastim, which was filed under the new biosimilar pathway created in the Biologics Price 
Competition and Innovation Act of 2009 (BPCIA). 
 
The reference product – Amgen’s NEUPOGEN

®
 – is indicated to decrease the incidence of 

infection‚ as manifested by febrile neutropenia‚ in patients with nonmyeloid malignancies 
receiving myelosuppressive anticancer drugs associated with a significant incidence of severe 
neutropenia with fever.  
 
“This filing acceptance represents a significant step toward making high-quality biologics more 
accessible in the US and we applaud FDA for its progress in making this a reality,” said Mark 
McCamish, M.D., Ph.D., and Head of Global Biopharmaceutical & Oncology Injectables 
Development at Sandoz. “As they’ve done in Europe and other highly-regulated markets 
around the world, biosimilars are poised to increase US patient access to affordable, high-
quality biologics, while reducing the financial burden on payers and the overall healthcare 
system.”

 

  
Under the brand name ZARZIO

®
, the Sandoz biosimilar filgrastim has been marketed in more 

than 40 countries outside the US, generating nearly six million patient-exposure days of 
experience. ZARZIO is the number one biosimilar filgrastim globally and is the leading daily G-
CSF in Europe with 30 percent volume market share.  
 
Sandoz is a pioneer in biosimilars and the global market leader with over 50% share of all 
biosimilars approved in the highly-regulated markets of Canada, Europe, Japan and Australia.  
Sandoz currently markets three biosimilars outside the US; each of which occupies the #1 
biosimilar position in its respective category. Sandoz biosimilars are sold in over 60 countries 
and have generated over 200 million patient-exposure days in experience. Sandoz also has an 
unrivalled pipeline with several molecules in various stages of development. Sandoz now has 
six molecules in Phase III clinical trials/filing preparation, more than any other company in the 
industry.  
 

[1] Includes products approved in North America, Europe, Japan and Australia 
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Disclaimer 
This press release contains forward-looking statements that can be identified by words such as 
“first step,” “poised,” “pipeline,” or similar terms, or by express or implied discussions regarding 
potential marketing approval for biosimilar filgrastim, or regarding potential future revenues 
from biosimilar filgrastim. You should not place undue reliance on these statements. Such 
forward-looking statements are based on the current beliefs and expectations of management 
regarding future events, and are subject to significant known and unknown risks and 
uncertainties. Should one or more of these risks or uncertainties materialize, or should 
underlying assumptions prove incorrect, actual results may vary materially from those set forth 
in the forward-looking statements. There can be no guarantee that biosimilar filgrastim will be 
approved for sale in any market, or at any particular time. Nor can there be any guarantee that 
biosimilar filgrastim will be commercially successful in the future. In particular, management’s 
expectations regarding biosimilar filgrastim could be affected by, among other things, 
unexpected regulatory actions or delays or government regulation generally; the uncertainties 
inherent in research and development, including unexpected clinical trial results and additional 
analysis of existing clinical data; the company’s ability to obtain or maintain proprietary 
intellectual property protection; general economic and industry conditions; global trends toward 
health care cost containment, including ongoing pricing pressures; unexpected manufacturing 
issues, and other risks and factors referred to in Novartis AG’s current Form 20-F on file with 
the US Securities and Exchange Commission. Novartis is providing the information in this 
press release as of this date and does not undertake any obligation to update any forward-
looking statements contained in this press release as a result of new information, future events 
or otherwise. 
 
 

About Sandoz 

Sandoz, the generic pharmaceuticals division of Novartis, is a global leader in the generic 
pharmaceutical sector.  Sandoz employs over 26,500 employees and its products are available 
in more than 160 countries, offering a broad range of high-quality, affordable products that are 
no longer protected by patents.  With USD 9.2 billion in sales in 2013, Sandoz has a portfolio 
of approximately 1,100 molecules, and holds the #1 position globally in biosimilars as well as in 
generic injectables, ophthalmics, dermatology and antibiotics, complemented by leading 
positions in the cardiovascular, metabolism, central nervous system, pain, gastrointestinal, 
respiratory, and hormonal therapeutic areas.  Sandoz develops, produces, and markets these 
medicines, as well as active pharmaceutical and biotechnological substances.  Nearly half of 
Sandoz's portfolio is in differentiated products, which are defined as products that are more 
difficult to scientifically develop and manufacture than standard generics. 

In addition to strong organic growth since consolidating its generics businesses under the 
Sandoz brand name in 2003, Sandoz has benefitted from strong growth of its acquisitions, 
which include Lek (Slovenia), Sabex (Canada), Hexal (Germany), Eon Labs (US), EBEWE 
Pharma (Austria), Oriel Therapeutics (US), and Fougera Pharmaceuticals (US).  

Sandoz is on Twitter. Sign up to follow @Sandoz_global at http://twitter.com/Sandoz_Global. 

### 
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For further information, contact: 
  
Eric Althoff 
Novartis Global Media Relations 
+41-61-324-7999 
+41-79-593-4202 
eric.althoff@novartis.com 

Sreejit Mohan 
Sandoz Head Biopharma & OI 
Communications 
+49 (0) 162 429 7971 
sreejit.mohan@sandoz.com  

Sandoz US Communications 
Leslie Pott 
+1-609-627-5287 
+1-201-354-0279 
leslie.pott@sandoz.com 
 
 
Novartis Investor Relations 
 
Central phone: +41 61 324 7944   
Samir Shah +41 61 324 7944 North America:  
Pierre-Michel Bringer +41 61 324 1065 Stephen Rubino +1 862 778 8301  
Thomas Hungerbuehler +41 61 324 8425 Susan Donofrio +1 862 778 9257 
Isabella Zinck +41 61 324 7188   
    
e-mail: investor.relations@novartis.com  
 
 
 
Neupogen® is a registered trademark of Amgen Inc. 
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Agenda 

 
• Introduction to Sandoz 

• Benefits of collaboration - academia and industry  

• Master Thesis of Ian Wallace 
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Introduction Sandoz GmbH 

Clemens Achmüller 
Innsbruck, May 15, 2012 
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Environment Patient needs Novartis portfolio1 

Sandoz is a Novartis Group Company 
2011 sales 
USD billion 

Full range 
of 
healthcare 
options 

 
 
 
 
 
 
                          
 

Innovative 
medicines 

Prevention 

Affordable 
options 

Self-care 

Pharmaceuticals 

Sandoz – Generics 

Consumer Health  
(OTC, Animal Health) 

Vaccines and 
Diagnostics 

Eye Care2  
(Alcon, CIBA VISION) 

32.5 

9.5 

4.6 

2 

10 
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Sandoz operates in 130 countries globally 
Subsidiaries 
Representative 
offices 

* Sample Sandoz manufacturing and development sites. 

Production* 
Development* 

Wilson 

Cambe/ 
Taboao 

Buenos Aires 

Gebze Turbhe 

Strykow 

Zhongshan 

Kaminoyama 

Barleben 

Boucherville 

Broomfield 

Unterach Kalwe 

Holzkirchen Rudolstadt 

Kundl / 
Schaftenau 

Ljubljana / 
Mengeš 

Spartan 
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Global presence: Affordable medicines for all 

Sandoz medicines are available to 90% of world population 

Subsidiaries 
Rep office or trade alliance 
Serviced largely through export / agents 
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Sales 

Sandoz is a global leader in generics 

 Global #2 in generics 

 No.1-3 in roughly half of global market 

 Present in > 130 countries 

 Strong portfolio of ~1.000 compounds 

 Rich pipeline with > 800 projects 

 Global development center network 

 More than 30 manufacturing sites globally 

 Global headquarters near Munich, Germany 

 Leader in differentiated (difficult to make) 
generics 

 Pioneer of biosimilars 

 

Sandoz key figures 2011 
Net sales: USD 9.5 billion  

Net income: USD 1.4 billion  

Employees worldwide: 23 500 

59% 
41% Established 

markets 

Emerging 
markets 
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Sandoz continues to strengthen its 
leadership in differentiated products  

Biosimilars 

Ophthalmics 

Global Gx 
market position 

#1 

#1 

Key categories 

Injectables #1 

 Sales +37% vs. PY and +48% in Q4 
 Initiated multiple phase III clinical 

studies 

2011 highlights1 

 2011 Enox sales of over USD 1 billion – 
likely the first time for any generic product 

 Retail Anti-Infective sales +10% vs. PY 

 Successful integration of Alcon’s former 
generics business 

 Growth of +24% vs. PY (+8% vs. TGT) 

Respiratory Top 5  Continued progress on US and 
European pipeline 

1 All figures in local currency 
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2006 2007 2009 

• First biosimilar in EU; 
approved May 2006 

• Broad global launch (e.g., 
US, Japan & LATAM)  

(human growth 

hormone; hGH) 

• Introduced for nephrology 
in Oct. 2007 

• First EPO biosimilar in EU 

• Launched in Oncology 
(2009 & 2010) 

(epoetin alfa) 

• Feb. 2009 EU approval 

• Growing rapidly across 
EU markets  

 

(filgrastim) 

Sandoz biosimilars: #1 with 3 marketed products 

2008 2010 
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Biosimilars development requires substantive 
investment and time 

Generics* Biosimilars* Originators* 

Development  
investment 

Time to market 

# of patients for approval1  

USD 2 – 3m USD 75 - 250m USD 800m  

2 – 3 yrs 7 – 8 yrs 8 – 10 yrs 

20 – 50 pts ~ 500 pts 800 – 1000 pts 

* Industry average                                                                       
1 Average estimates for biopharmaceutical trials, e.g., oncology 
Source: Sandoz internal estimates 
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Sandoz sites in Austria 

Kundl  
 Largest research and production site of Sandoz worldwide 
 Antibiotics, recombinant proteins, enzymes, hormones 

Schaftenau  
 Enzymes, hormones, recombinant proteins (cell culture) 

Vienna 
 Marketing and sales for Sandoz Austria domestic market 

Unterach  
 Acquisition of former EBEWE Pharma in 2009 
 Center of excellence for generic oncology injectables  
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Sandoz GmbH, site Kundl 
Largest research and production site of Sandoz worldwide 

Kundl, Austria 
 Fermentation 

 Synthesis (ß-lactams) 

 Sterile Precipitation (ß-lactams) 

 Process Enzymes 

 Rec. Proteins 

 FDFs 

 Pilot Plants  
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Sandoz GmbH: Key Strenghts 
Manufacturing of fermentation-derived products 

 Fermentation of microbial strains: 
fermenter scales ranging from 3 m3  to 
250 m3 

 Isolation and purification in multipurpose 
facilities 

 Downstream scales corresponding to 
fermenter sizes 

 FDA-approved facilities 

 Full cGMP manufacturing 
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Kundl and Schaftenau are Novartis’  
centers of excellence for Biosimilars 

Kundl (~ 430 associates working in „BP“) 

 Center for microbiotic API development and production 

 API manufacturing facility of Omnitrope® and Zarzio® 

 Biosimilars-Competence-Center for: 

• developing Finished Dosage Forms and devices 

• Analytical development incl. characterization 

• registration 

Schaftenau (~140 associates working in „BP“) 

 Global production center for process development of cell  
cultures and antibodies  

 Manufacturing facility for innovative biopharmaceuticals  
required from our parent company Novartis 
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 Further expansion in Anti-Infectives 

 Strengthening of leading position in 
“differentiated products” 

 Future growth market Biopharmaceuticals 

 Ongoing investments in high-tech facilities 

 Continuous education and trainings for 
employees  

 Attract, retain and develop the best talent 
 “Diversity and Inclusion”: Valuing diversity 

as key factor for success  

 Corporate Social Responsibility 

Future 
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BENEFITS OF COLLABORATION 
ACADEMIA AND INDUSTRY 
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Benefits of collaboration academia and industry 

• Cutting edge scientific and engineering knowledge 
• Latest scientific advances 

 

 

• Networking 
• Mutual understanding 

• Trust 

• Exchange 

 

 

• Fund raising 
• Project cooperation 
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Benefits of collaboration academia and industry 

• Collaboration on teaching 
• Lectures 

• Laboratory courses 

• Support of bachelor and master theses 

• Topics: 
Biotechnology – Analytics 
Biotechnology – Fermentation 
Biotechnology – Dowstream Processing 
Process Simulation 
Thermodynamics 

 

• Further education 
• Accessed by employees of Sandoz Kundl (+40) 

• Full day / extra occupational (if offered) 
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Benefits of collaboration academia and industry 

• Support of Bachelor and Master Theses 
 

• Currently support of 3 master theses 

 

• Supervision 

• Shared MCI and Sandoz 

 

• Content 

• Agreed between MCI and Sandoz 

• Topic of industrial relevance 

• CDA in place 

 

• Practical part of the work 

• Hands-on in Sandoz facility 
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MASTER THESIS OF IAN WALLACE –  
AN OVERVIEW 
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My Master Thesis – An Overview 

Topic 
  
 Microbial Expression Systems for the Production of Recombinant Proteins 

 

• A continuation of various Sandoz projects past and present 

• Split research between HTS And Process Optimisation 

• Fine-tuning of established processes in respect to difficult-to-express 
proteins  (e.g. disulfide bond formation, folding, post-translational 
modifications etc.) 

• Determination of critical parameters in the expression of rec. proteins at 
various scales 
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My Master Thesis – An Overview 

Experimental Planning and Design 

 

 

 

 

 

 
       Fully factorial planning        Design of Experiments (DoE) 

By courtesy of Creative Commons 
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Comparison of an expression system across 
various platforms and scales 

Microtiter Plates 

 
• Well-plates designed for high 

throughput screening 

 

Shake Flasks  
 
• Classical platform for testing 

culture parameters 

 

 

My Master Thesis – An Overview 

By courtesy of Creative Commons 
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My Master Thesis – An Overview 

Comparison of an expression system across 
various platforms  

 

 

 
Automated HTS 

 
• For strain screening, 

media and process 
optimisation, etc. 

• Many online 
measurements possible 
(pH, p02, Biomass, 
fluorescence, etc.) 

 

 
By courtesy of Creative Commons 
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My Master Thesis – An Overview 

Comparison of an expression system across 
various platforms  

 

 

 

 Fermenters 
 

• Large scale fermentation 

• Automatic dosage of feed- 
medium, pH stabilisation, etc. 

 

 

By courtesy of Creative Commons 
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Typical point-measurements 

 
• OD600 

• pH  

• Sugars 

• Posphates 

• Nitrates 

• Biomass (Dry/Wet) 

• Etc. 

 

 

 

My Master Thesis – An Overview 
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Typical Product Analysis for rec. Proteins 
 

 

 

 

 
 
 

 

My Master Thesis – An Overview 

• SDS-PAGE 

• Western Blotting 

• Capillary 
electrophoresis 

• Chromatography 

• etc. 

 

 

 

 

 

 

 

 
 
 

 

By courtesy of Creative Commons 
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Internal Support 

 
• Weekly meetings 

• Support by Sandoz Lab people: assistance and guidance  

• Novartis Knowledge Centre 

• Various ad hoc discussions with other members of staff 

• Open communication ethic 

• Constructive and positive environment 

 

 

My Master Thesis – An Overview 
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Good Laboratory Practice 

 
• Data integrity 

 

• Effective communication between colleagues 

 

• A high level of responisibility and awareness  

 

• Laboratory safety paramount 

 

 

 

 

 

 

 

 
 
 

 

My Master Thesis – An Overview 
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Outcome 
 

• Nature of the thesis allows for great level of hands-on, industry experience 
 

• Scientists in the professional community can work directly with MCI 
postgraduates, sharing their advice and knowledge 

My Master Thesis – An Overview 
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Thank you for your 
attention!   
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Development of a new G-CSF product based on
biosimilarity assessment
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Background: Zarzio�, a new recombinant human granulocyte colony-stimulating factor (filgrastim), was evaluated in

healthy volunteers and neutropenic patients in phase I and III studies.

Patients and methods: Healthy volunteers in randomized, two-period crossover studies received single- and

multiple-dose s.c. injections of 1 lg/kg (n = 24), 2.5 lg/kg (n = 28), 5 lg/kg (n = 28), or 10 lg/kg (n = 40), as well as

single-dose i.v. infusions of 5 lg/kg (n = 26), of Zarzio� or the reference product (Neupogen�). Filgrastim serum levels

were monitored; pharmacodynamic parameters were absolute neutrophil count (all studies) and CD34+ cells (multiple-

dose studies). Supportive efficacy and safety data were obtained from an open phase III study in 170 breast cancer

patients undergoing four cycles of doxorubicin and docetaxel (Taxotere) chemotherapy, receiving Zarzio� (300 or 480

lg) as primary prophylaxis of severe neutropenia.

Results: The results of the studies in healthy volunteers confirm the comparability of the test and reference products

with respect to their pharmacodynamics and pharmacokinetics. Confidence intervals were within the predefined

equivalence boundaries. In the phase III study in breast cancer patients, the administration of Zarzio� was efficacious

and safe, triggering no immunogenicity.

Conclusion: The results of these studies demonstrate the biosimilarity of Zarzio� with its reference product

Neupogen�.

Key words: biosimilar, clinical trial, filgrastim, neutropenia, recombinant human granulocyte colony-stimulating factor

introduction

The current treatment of cancer with combination cytotoxic
chemotherapy targeting proliferating cells usually leads to bone
marrow damage, anemia, thrombocytopenia, and, most
importantly, neutropenia, resulting in impaired host defense
[1]. A severe neutropenia predisposes to serious infection. Life-
threatening gastrointestinal and pulmonary infections, as well
as sepsis, may occur as long as the severe neutropenia prevails
[2]. In addition, this may lead to delays in subsequent
chemotherapy cycles.
The recovery of the bone marrow is stimulated by various

growth factors, the most important for the recovery of
neutrophils being granulocyte colony-stimulating factor
(G-CSF). G-CSF is a 20 000 Da glycoprotein hormone that
stimulates the proliferation of neuropoietic progenitor cells and
their differentiation to granulocytes and functionally activates
mature neutrophils [3].

Human G-CSF is a single polypeptide chain protein of 174
amino acids with O-glycosylation at one threonine residue. It
acts by binding to a specific transmembrane receptor (G-CSF
receptor), a member of the class I cytokine receptor family
expressed on various hematopoietic cells, such as stem cells,
multipotent progenitors, myeloid-committed progenitors,
neutrophils, and monocytes [4]. The effects of G-CSF [and of
recombinant human G-CSF (rhG-CSF)] are mediated via
a single affinity class of receptors. The same mechanism of
action and receptor-mediated biological activity mobilizes
mature neutrophils into the circulating neutrophil pool and
accelerates granulopoiesis.
Zarzio� (filgrastim) is an rhG-CSF produced in Escherichia

coli. Its amino acid sequence is identical to that of natural
human G-CSF, except for the addition of an N-terminal
methionine necessary for the expression in E. coli. Moreover, it
is not glycosylated like its reference product, Neupogen�
(Amgen, Thousand Oaks, CA). Zarzio� was approved in the
EU in February of 2009 for the same indications as Neupogen�.
The development of Zarzio� included four comparative

clinical pharmacology studies in healthy adult volunteers and
one phase III study in breast cancer patients receiving cytotoxic
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chemotherapy. The bioequivalence of Zarzio� and the
reference product, Neupogen�, was assessed at various dose
levels in terms of pharmacodynamics (PD) and
pharmacokinetics (PK) using both the s.c. and the i.v. routes of
administration. This publication presents the PK/PD results
obtained with Zarzio� in healthy volunteers, as well as efficacy
and safety in a neutropenic cancer patient population.

patients and methods

The methodology of the four phase I studies (s.c. administration: EP06-101,

EP06-103, and EP06-105; i.v. administration: EP06-102) and of the phase

III study (EP06-301) is described below.

study population
All studies were conducted according to the revised Declaration of Helsinki

and Good Clinical Practice guidelines and approved by the pertinent

ethics committee and regulatory authorities. All individuals gave their

written informed consent.

Main inclusion and exclusion criteria are presented in Table 1.

study design
All phase I studies were randomized, double-blind, crossover, single- or

multiple-dose studies. Study designs are summarized in Table 2.

The phase III study EP06-301 was an open, single-arm, multicenter trial

that evaluated the safety and efficacy of Zarzio� as primary prophylaxis

of severe neutropenia in breast cancer patients receiving doxorubicin

and docetaxel (Taxotere, Sanofi-Aventis, Bridgewater, NJ) chemotherapy

(Table 2). Treatment consisted of daily Zarzio� s.c. bolus injection from

day 2 of each chemotherapy cycle for up to 14 days or until absolute

neutrophil count (ANC) reached 10 · 109/l after the expected nadir,

repeated for up to four cycles. The total daily dose was 300 lg (30 MIU) for

women weighing <60 kg and 480 lg (48 MIU) for women weighing ‡60 kg.
On day 1 of each chemotherapy cycle, patients received an i.v. bolus

infusion of doxorubicin (60 mg/m2) followed �1 h later by an i.v. infusion

of docetaxel (75 mg/m2). Full-dose chemotherapy on day 1 of the next cycle

(days 22–25 of the previous cycle) was not to be started unless the patient

had an ANC >1 · 109/l and a platelet count >100 · 109/l.

study drugs
Zarzio�, containing 300 lg (30 MIU)/0.5 ml or 480 lg (48 MIU)/0.5 ml

filgrastim, was provided by Sandoz GmbH (Kundl, Austria) as a clear, colorless

to slightly yellowish, sterile solution ready for injection in prefilled syringes.

The reference product was the marketed formulation of Neupogen�
containing 300 lg or 480 lg/0.5 ml filgrastim (Amgen GmbH, Munich,

Germany), a clear, colorless, sterile solution ready for injection in prefilled

syringes.

study end points and analytical methods
pharmacodynamics. PD biosimilarity was used as a surrogate parameter for

efficacy. Blood samples were taken regularly up to 14 days after injection

and were analyzed for ANC (all phase I studies) and CD34+ cells (studies

EP06-101 and EP06-103) using validated flow cytometry assays: Sysmex

XT-2000i (Nordenstadt, Germany) for ANC and FACSCalibur Flow

cytometer (BD Biosciences, San Jose, CA) for CD34+.

pharmacokinetics. Blood was sampled at predetermined times and

filgrastim serum concentrations were determined with a validated enzyme-

linked immunosorbent assay. The lower limit of quantification was 0.039

ng/ml. The inter-day precision of the calibration standards of filgrastim was

£8.3%, with a relative error (accuracy) within 62.3%. The intra-day

precision of the control samples ranged from 3.2% to 8.5%.

efficacy parameters. The main efficacy parameters in the phase III study

were the overall incidence of severe neutropenia and febrile neutropenia

and the incidence and duration (time to recovery to ANC ‡1.0 · 109/l or

number of consecutive days with ANC <0.5 · 109/l during the cycle) of

severe neutropenia during cycles 1 to 4.

Febrile neutropenia was defined as an oral temperature ‡38.2�C with

ANC <0.5 · 109/l measured on the same day or the day after the

temperature elevation.

Table 1. Main inclusion and exclusion criteria in studies conducted with

Zarzio�

Inclusion criteria Exclusion criteria

Phase I

studies

Healthy male and

female Caucasian

adults

Smoker

Any evidence of a clinically

significant medical

condition

Acute infection within

2 weeks preceding first

study drug administration

History of drug or alcohol

abuse

History of allergy to

Escherichia coli-derived

proteins, filgrastim, and/or

related drugs and their

components

History of hypersensitivity

to multiple drugs

Phase III

study

Chemotherapy-naı̈ve

adult women

Previous treatment with

G-CSF preparation

Documented locally

advanced/advanced

breast cancer or

high-risk stage II

breast cancer

Severe neutropenia

Scheduled for treatment

with doxorubicin and

docetaxel

Previous or concurrent

malignancy

Estimated life expectancy

of >6 months

Concurrent or prior

radiotherapy within

4 weeks of study start

ECOG performance

status £ 2

WBC count >50 ·
109/l

ANC ‡1.5 · 109/l Total bilirubin higher than

the upper limit of normal

Platelet count ‡100 ·
109/l

Creatinine >1.5 · upper limit

of normal

AST and ALT level

<3 · upper limit of

normal, providing that

the alkaline phosphatase

level was <5 · upper

limit of normal

Prior bone marrow or stem

cell transplant

Systemic anti-infective

treatment within 72 h of

chemotherapy

G-CSF, granulocyte colony-stimulating factor; ECOG, Eastern Cooperative

Oncology Group; WBC, white blood cell; ANC, absolute neutrophil count;

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

original article Annals of Oncology
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To analyze any potential influence of a fixed dose regimen on the efficacy

and safety of Zarzio�, administered doses were stratified according to

patients’ body weight. Five dose groups were generated according to the

mean administered dose during all cycles.

safety assessments. Safety assessments in the phase I studies consisted of

monitoring and recording all adverse events (AEs) and serious adverse

events (SAEs), assessments of physical condition, vital signs,

electrocardiogram, and monitoring of laboratory values. Local tolerance

was evaluated by self-assessment of the subjects using a visual analog scale

and by the investigators using the injection site reaction score.

Safety assessments in study EP06-301 included reporting all AEs, their

severity, and causal relationship to study drug and/or chemotherapy,

injection site evaluations, clinical laboratory tests, vital signs, and mortality.

AEs commonly associated with G-CSF treatment, i.e. increases in lactate

dehydrogenase (LDH), alkaline phosphatase, serum uric acid, and serum

aspartate aminotransferase (AST), as well as musculoskeletal events coded

as arthralgia, myalgia, back pain, bone pain, and pain in extremities, were

summarized as ‘G-CSF-associated AEs’, separately from other AEs (‘non-

G-CSF-associated AEs’).

immunogenicity. For antibody analysis, blood was collected in the phase I

studies before each period and at study end; in the phase III study, blood

was collected at baseline, at day 1 of cycle 2, at day 21 of cycle 4 and at study

termination.

Evaluation of the immunogenicity of rhG-CSF injection was made by

a three-step procedure:

� Screening of the sera for binding of 125I-rhG-CSF by immunoglobulin G

present in the serum [screening radio immuno-precipitation (RIP) assay].

� Specificity of the binding (confirmatory RIP assay).

� Inhibitory effect [neutralizing antibody (NAB) assay].

statistical analysis
The following PK/PD parameters were determined using WinNonLin

(Pharsight, Mountain View, CA) and the statistical analysis was carried out

using the SAS software (Cary, NC):

� PD parameters AUEC0–last (area under the effect–time curve from time of

administration until the last scheduled blood sampling), Emax (maximal

effect) and tmax,E (time of the maximal effect).

� PK parameters area under the serum concentration-time curve,

maximum serum concentration (Cmax), and tmax.

For all PK/PD parameters, the 95% (PD) or 90% (PK) confidence

interval (CI) for the ratio of means was calculated, except for tmax and tmax,E

where the CIs were determined for the differences in medians. CIs were

derived by parametric methods as well as by nonparametric methods for

tmax and tmax,E, and if data were not normally distributed.

The primary PD equivalence assessment was based on the per-protocol

population applying the predefined equivalence boundaries chosen to

contain at least 85% of the observed difference between Neupogen� and

placebo in terms of Emax as reported in the literature [5].

The phase III data were summarized using descriptive statistics as this

was a single-arm study. Two-sided 95% CIs were calculated for mean or

median values as appropriate. Results were compared to historical data for

filgrastim [6, 7].

results

patients

The demographic data of all studies carried out with Zarzio�
are summarized in Table 3.
In the crossover phase I studies, 146 healthy volunteers (81

males and65 females)were treatedwithZarzio� andNeupogen�.
In the phase III study, 170 female patients were treated with

Zarzio�. The clinical stage at screening was high risk (stage II),
locally advanced (stage III), and advanced metastatic breast
cancer (stage IV) for 3%, 66%, and 30% of the patients,
respectively. Clinical staging was not reported for one patient.
The mean extent of exposure to Zarzio� was 31 days (range
6–48 days).

pharmacodynamic analysis

Filgrastim-induced response in the phase I studies was assessed
by ANC, spanning the linear (1–10 lg/kg) portion of the dose–
response curve, as well as by the response in the CD34+ cells
(for the dose range of 2.5–10 lg/kg, after multiple dosing).
The mean ANC–time profiles after s.c. administration of

various doses of Zarzio� and Neupogen� are shown in

Table 2. Design of the phase I studies

EP06-101 EP06-102 EP06-103 EP06-105

Type of study Randomized, double-blind,

two-way crossover,

single center

Randomized, double-blind,

two-way crossover,

single center

Randomized, double-blind,

two-way crossover, with

two-dose groups,

single center

Randomized, double-blind,

two-way crossover,

single center

Number of subjects 40 26 2 · 28 24

Study population Healthy volunteers Healthy volunteers Healthy volunteers Healthy volunteers

Duration of exposure 2 weeks (7 days

per substance)

2 days (1 day per

substance)

2 weeks (7 days

per substance)

2 days (1 day

per substance)

Washout period of

28 days

Washout period of

12–18 days

Washout period of

28–40 days

Washout period of

14 days

Dose (lg/kg) 10 5 2.5 or 5 1

Frequency of dosing Multiple s.c. injections Single i.v. infusion Multiple s.c. injections Single s.c. injection

Objectives Primary: evaluate PK

bioequivalence

Primary: evaluate

PK bioequivalence

Primary: evaluate

PD equivalence

Primary: evaluate PD

equivalence

Secondary: compare PD,

safety, local tolerance

Secondary: compare

PD, safety

Secondary: safety,

local tolerance, PK

Secondary: safety, local

tolerance, PK

PK, pharmacokinetics; PD, pharmacodynamics.
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Table 3. Demographic characteristics of the phase I and III studies

Phase I study:

EP06-101

Phase I study:

EP06-102

Phase I study:

EP06-103

Phase I study:

EP06-105

Phase III study:

EP06-301

Number of

subjects

40 enrolled

and 32

completed

26 enrolled

and 24

completed

28 enrolled

and 28

completed

28 enrolled and

27 completed

24 enrolled and

24 completed

170 enrolled and 153

completed the treatment

period

Number of

subjects eligible

for PK/PD

analysis

32 24 28 27 23 n.a.

Dose (lg/kg) 10 5 2.5 5 1 300 lg for women weighing

<60 kg and 480 lg for

women weighing ‡60 kg

Route s.c. i.v. s.c. s.c. s.c. s.c.

Gender

enrolled

(completed)

21M/19F (17M/15F) 14M/12F (14M/10 F) 19M/9F (19M/9F) 14M/14F (13M/14F) 13M/11F (13M/11F) 170F

Age (years),

mean (SD)

[min–max]

35 (6) [25–45] 30 (5) [23–39] 37 (10) [22–54] 40 (8) [21–53] 40 (9) [21–53] 52 (10) [24–78]

Weight (kg),

mean (SD)

[min–max]

69.9 (9.1) [55.7–89.1] 75.9 (10.6) [58.5–101.0] 79.2 (13.1) [55.5–111.8] 71.2 (10.1) [54.9–93.1] 76.3 (11.6) [61.2–95.1] 73.2 (14.5) [43.2–130.0]

Height (cm),

mean (SD)

[min–max]

173.0 (9.7) [155–193] 176.1 (9.3) [162–199] 177.6 (10.5) [155.0–205.0] 173.5 (7.1) [162–191] 175 (9.3) [158–190] 161.3 (6.4) [147–178]

Body mass

index (kg/m2),

mean (SD)

[min–max]

23.3 (1.8) [19.2–27.0] 24.4 (1.9) [21.4–27.8] 24.9 (2.1) [20.2–27.2] 23.6 (2.3) [19.5–28.4] 24.7 (2.0) [21.6–27.3] 28.1 (5.4) [18.2–47.2]

Reason for

discontinuation

3 failure during

check-in laboratory

2 due to AEs – 1 due to multiple

protocol violation

– 9 on patient’s decision

2 due to AEs 1 on investigator’s decision

1 due to personal

reason

3 due to AEs

1 due to

noncompliance

4 due to protocol violations

1 due to drug

failure during

check-in testing

Number of

volunteer- or

patient-years

(Zarzio�)

0.69 0.07 0.54 0.53 0.07 14.4
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Figure 1. Zarzio� and Neupogen� profiles were
superimposable for all dose levels and all routes (i.v.
administration not shown). There were no significant
differences between the two products at any point in time. After
s.c. injection, the increase of ANC was reversible and returned
to baseline values �48 h after single or the last repeated
administration. Following multiple s.c. dosing, the seventh
administration triggered a larger increase in ANC than
following the first administration. This effect was also observed
between the two periods of each study, affecting both
treatments equally (data not shown).
Table 4 shows the results of the primary efficacy end points

for all routes and all dose levels, as well as the results of the
statistical test for equivalence.
After 7 days of s.c. administration, both Zarzio� and

Neupogen� exhibited a clear dose-dependent response. The
mean Zarzio� AUEC for ANC increased from 4.2 h�106/ll for
the 2.5 lg/kg group to 5.2 h�106/ll for the 5 lg/kg dose group
and 6.5 h�106/ll for the 10 lg/kg dose group (Table 4).
Each individual phase I study showed a remarkable

concordance of the observed effects between Zarzio� and
Neupogen�, with CIs for ANC well within the predefined
equivalence boundaries (Table 4).
CD34+ counts were investigated as a secondary efficacy

assessment after repeated daily s.c. administration. Increasing
doses from 2.5 to 10 lg/kg raised CD34+ counts for both
products (Figure 2). The results for CD34+ counts showed
comparable effects of Zarzio� and Neupogen�, with CIs well
within the predefined equivalence boundaries (data not
shown).

pharmacokinetic analysis

The results of the PK parameters of filgrastim following single
i.v. infusion of 5 lg/kg are summarized in Table 5. Zarzio� and
Neupogen� showed similar PK characteristics, with 90% CIs
for AUC0–last and Cmax within the predefined standard
bioequivalence limits of 80%–125% (Table 5).
Following s.c. injection, mean serum filgrastim

concentration–time profiles of different doses of Zarzio� and
Neupogen� are displayed in Figure 3. Analysis of the PK results
demonstrated bioequivalence between Zarzio� and
Neupogen� (data not shown).

clinical efficacy

The incidence and duration of severe neutropenia are shown in
Table 6; results obtained with Zarzio� are compared with
published results for Neupogen� [6, 7].
The mean ANC curve for each cycle is shown in Figure 4.

ANC curves were congruent for all cycles from days 1 to 11. As
expected, the depth of the ANC nadir was greatest in cycle 1
compared with the subsequent three cycles.
Zarzio� was administered as a fixed dose of 300 or 480 lg

according to the patient’s body weight. This resulted in a mean
dose by body weight of 6.1 6 0.9 lg/kg per day (range 3.7–8.4
lg/kg). To analyze any potential influence of this fixed dose
regimen on the efficacy and safety of Zarzio�, administered
doses were classified according to patients’ body weight. Table 7
shows the proportion of patients in the corresponding doseT
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groups at baseline. The overall incidence of grade 3 or 4
neutropenia (ANC <1.0 · 109/l) according to the dose per body
weight is summarized in Table 7. The stratified analysis shows
that there was no relationship (P = 0.66) between the overall
and the by-cycle incidences of grade 3 or 4 neutropenia and the
respective doses per body weight.
Ten (6%) patients (95% CI 2.9% to 10.6%) experienced

febrile neutropenia during the first treatment cycle, and febrile
neutropenia was not observed during any subsequent treatment
cycle.
Febrile neutropenia caused hospitalization of six (3.5%)

patients during the first treatment period, with a mean 6

standard deviation duration of hospitalization of 126 8.1 days.
None of these patients were treated in the intensive care unit.
Antibiotics were administered i.v. to only nine (5.3%) patients
during the first treatment period, all for febrile neutropenia.
Only one (0.6%) patient required a blood transfusion due to
anemia.

safety

safety in healthy volunteers. Study drug-related AEs frequently
observed in healthy volunteers under Zarzio� or Neupogen�
treatment were as expected (musculoskeletal pain, leukocytosis,
thrombocytopenia, and headaches). There were no clinically
relevant differences between Zarzio� and Neupogen� in the
frequency or type of AEs by system organ class and severity (all
generally mild or moderate). No SAEs were observed and no
deaths occurred during any of these studies.
Results from the laboratory tests, vital signs measurements,

and physical examinations confirmed the absence of marked
changes in the subjects’ state of health.

safety in neutropenic patients. Summary results for AEs in study
EP06-301 are displayed in Table 8. Regarding the 1494 ‘non-G-
CSF-associated AEs’, a relationship to study chemotherapy was
suspected for most of them (85%). Of the 89 ‘G-CSF-associated
events’, 44 (49%) were considered to be related to Zarzio�,

while 48 (54%) were suspected to be chemotherapy related. The
intensities of the G-CSF-associated AEs were mainly mild
(89%) or at most moderate (11%).
Local tolerability was found to be excellent with Zarzio�.
In addition, the analysis of ‘G-CSF-associated events’ based

on the five body weight-adjusted dose strata showed that the
incidences were similar across the dose groups.

immunogenicity. During this clinical development of Zarzio�,
1060 serum samples were tested with the screening RIP assay
and 29 samples were analyzed with the confirmatory RIP assay.
Among them, three samples were tested positive for binding
antibodies. These three samples belonged to a healthy volunteer
in study EP06-102 and included the baseline sample. Thus, the
result in the RIP assay was positive already at baseline and no
increase was detected during treatment. No neutralizing
antibodies were detected in these serum samples in the NAB
assay. In conclusion, none of the subjects developed anti-rhG-
CSF binding antibodies.

discussion

For the demonstration of clinical efficacy of biosimilar rhG-
CSF, the European authorities state in their guidelines that
comparative PK/PD studies in healthy subjects between the
similar biological medicinal product and its reference may be
sufficient to demonstrate clinical comparability [8]. At least one
PD marker should be considered accepted as a surrogate
marker for efficacy, and the relationship between dose/exposure
to the product and this surrogate marker should be well known.
Since the duration of treatment, the mechanism of action

and the pharmacological properties of rhG-CSF are
fundamentally the same in healthy volunteers and neutropenic
patients, and as duration of severe neutropenia (ANC < 0.5�109/l)
is accepted as the primary measure of efficacy in patients
undergoing myelotoxic chemotherapy, a proper dose response
in a comparative PD study in healthy volunteers was considered
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Figure 1. Mean absolute neutrophil count (ANC) profiles after s.c. administration of 1 lg/kg Zarzio� (—¤—), 1 lg/kg Neupogen� (—)—), 2.5 lg/kg
Zarzio� (—:—), 2.5 lg/kg Neupogen� (—D—), 5 lg/kg Zarzio� (—d—), 5 lg/kg Neupogen� (—s—), 10 lg/kg Zarzio� (—n—), and 10 lg/kg
Neupogen� (—h—) to healthy volunteers.
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sufficient to support marketing authorization from an efficacy
perspective. In addition, the fact that bone marrow in healthy
subjects, in contrast to myelosuppressed patients, is fully
responsive to G-CSF treatment actually makes a healthy
volunteer study a more sensitive model for rhG-CSF efficacy
assessment than a study in chemotherapy-treated patients.
The phase I studies conducted with Zarzio� in healthy

volunteers were similar in design to provide a large pool of data
for efficacy assessments. ANC and CD34+ cell count were used
as surrogate markers for efficacy. ANC qualifies as a valid
marker, as it essentially drives diagnosis (e.g. grade of
neutropenia), predicts prognosis (duration of severe
neutropenia correlates with the risk of infection), and is utilized
to monitor rhG-CSF treatment effects; CD34+ represents
a useful marker for the selection and characterization of cells
necessary for both short- and long-term engraftment of stem
cells in recipients after myeloablative therapy [9, 10].

Each individual phase I study showed a remarkable
concordance of the observed effects between Zarzio� and
Neupogen�. ANC curves were superimposable whatever the
route and the dose, with a very tight range in the corresponding
ratios (99%–102%) achieved between Zarzio� and
Neupogen�. All CIs for ANC were well within the predefined
equivalence boundaries. Therefore, Zarzio� showed a highly
similar PD effect to Neupogen�.
In addition to ANC, CD34+ counts further confirmed

Zarzio� efficacy. Higher CD34+ yields are known to be
achieved with the commonly used clinical dose of 10 lg/kg for
stem cell mobilization, a fact also confirmed in study EP06-101.
Broad interindividual variation in the capacity of normal
subjects to mobilize progenitor cells were noted, a finding that
is in line with literature reports [11].
With regard to the PK of filgrastim administration, the

results obtained in the phase I studies are clearly in agreement

Table 4. Pharmacodynamics of the primary parameter absolute neutrophil count after i.v. and s.c. administration of rhG-CSF to healthy volunteers

Dosage group Parameter Zarzio� geometric

mean (SD)

Neupogen� geometric

mean (SD)

Point

estimatea
95% CI

5 lg/kg i.v. single dose N 24 24

AUEC0–last (h�103/ll) 945 (169) 950 (291) 99.42% 94.51% to 104.59%

Emax (10
3/ll) 21.7 (3.9) 21.5 (6.4) 100.83% 93.37% to 108.88%

tmax,E (h) 11.9 (8.0–16.0)b 11.7 (8.0–16.0)b 0.01 h 20.03 to 1.00 h

1 lg/kg s.c. single dose N 23 23

AUEC0–last (h�103/ll) 741 (125) 725 (133) 102.11% 96.68% to 108.09%

Emax (10
3/ll) 19.9 (3.8) 20.0 (4.3) 99.73% 94.26% to 105.42%

tmax,E (h) 10.0 (8.0–12.0)b 10.0 (8.0–12.0)b 0.03 h 0.00 to 1.00 h

AUEC0–24 (h�103/ll) 313 (48) 309 (57)

2.5 lg/kg/day s.c. repeated

doses over 7 days

N 28 28

AUEC0–last (h�103/ll) 4224 (1048) 4135 (951) 102.16% 99.49% to 104.91%

Emax (10
3/ll) 38.7 (9.8) 39.7 (9.0) 97.50% 93.48% to 101.70%

tmax,E (h) 152.0 (152.0–158.0)b 152.0 (152.0–158.0)b 0.00 h 0.00 to 0.00 h

AUEC0–24 (h�103/ll) 362 (88) 346 (72) 104.47% 98.92% to 110.34%

Emax, sd (103/ll) 20.4 (5.3) 19.7 (4.2) 103.76% 97.03% to 110.96%

tmax,E, sd (h) 14.0 (8.0–24.0)b 14.0 (8.0–18.0)b 0.01 h 20.01 to 0.03 h

5 lg/kg/day s.c. repeated

doses over 7 days

N 27 27

AUEC0–last (h�103/ll) 5192 (1250) 5177 (1087) 100.61% 98.01% to 103.29%

Emax (10
3/ll) 56.1 (11.8) 58.1 (12.2) 96.74% 92.69% to 100.97%

tmax,E (h) 152.0 (152.0–152.0)b 152.0 (152.0–158.0)b 0.00 h 20.01 to 0.00 h

AUEC0–24 (h�103/ll) 405 (94) 404 (103) 100.68% 95.27% to 106.39%

Emax, sd (103/ll) 22.4 (5.1) 22.6 (5.9) 99.81% 94.59% to 105.31%

tmax,E, sd (h) 14.0 (8.0–18.0)b 14.0 (8.0–24.0)b 20.01 h 22.01 to 0.01 h

10 lg/kg/day s.c. repeated

doses over 7 days

N 32 32

AUEC0–last (h�103/ll) 6475 (1458) 6515 (1839) 99.37% 96.30% to 102.54%

Emax (10
3/ll) 71.2 (27.3) 73.3 (35.0) 97.10% 88.36% to 106.70%

tmax,E (h) 152.0 (152.0–158.0)b 152.0 (152.0–158.0)b 0.00 h 20.07 to 2.98 h

AUEC0–24 (h�103/ll) 406 (108) 407 (131) 100.22% 93.39% to 107.56%

Emax, sd (103/ll) 24.3 (7.8) 23.7 (7.5) 97.72% 90.68% to 105.29%

tmax,E, sd (h) 16.0 (14.0–24.0)b 18.0 (14.0–24.0)b 21.00 h 23.00 to 1.00 h

Predefined equivalence intervals: 1 lg/kg/day: 80%–125%; 2.5 lg/kg/day: 87.25%–114.61%; 5 lg/kg/day: 86.50%–115.61%.
aRatio of means for AUEC and Emax, difference of medians for tmax,E.
bMedian (range).

rhG-CSF, recombinant human granulocyte colony-stimulating factor; SD, standard deviation; CI, confidence interval; N, number of subjects; AUEC0–last,

area under the effect–time curve from time of administration until the last scheduled blood sampling; Emax, maximal effect; tmax,E, time of the maximal effect;

AUEC0–24, area under the effect–time curve from time of administration until the 24-h blood sampling; Emax, sd, maximal effect after single-dose

administration; tmax,E, sd, time of the maximal effect after single-dose administration.
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with what has been previously described [5,12–14]. G-CSF
stimulates the proliferation of myeloid precursors and
accelerates neutrophil release from the bone marrow [15]. The
number of G-CSF receptors thus substantially increases with
time after its administration, leading to a faster elimination and
an enhanced effect on neutrophils. This time-dependent
nonlinear PK was very clearly evidenced in the repeated
administration studies, where Cmax decreased by more than
50% between the first and the seventh administration.
As supportive evidence of Zarzio� efficacy, study EP06-301

was designed as a single-arm phase III study in patients with
breast cancer receiving treatment with combination
chemotherapy of doxorubicin and docetaxel. This
chemotherapy is known to be associated with a high risk for
severe neutropenia [16].
The mean duration of severe neutropenia with Zarzio� was

1.8 days in cycle 1 compared with the historical expectation of
up to 7 days without growth factor support [17]. Duration of
severe neutropenia in this study was comparable to historical
data with Neupogen� [6, 7], even though the incidence of
severe neutropenia in the various cycles was lower compared
with published data (47% in cycle 1 for Zarzio� versus 79%
and 83% for Neupogen�). To some extent, this lower

incidence can be explained by heterogeneity across the studies
in a number of patients’ characteristics. In study EP06-301,
women were chemotherapy naı̈ve, with a bone marrow less
vulnerable and more responsive than in chemotherapy-
pretreated patients. In contrast, �20% of patients in the
literature studies were previously chemotherapy treated,
a known risk factor for severe neutropenia. This is also
evidenced by the same duration of recovery from severe
neutropenia in patients treated with Zarzio� compared with
Neupogen�. This observation is further supported by the fact
that 90 patients (53%) in study EP06-301 experienced severe
neutropenia at least once during the whole study period, which
is in line with other published data for chemotherapy-naı̈ve
breast cancer patients [18], for whom an incidence rate of 46%
across all four chemotherapy treatment cycles was reported.
Zarzio� and Neupogen� are available in prefilled syringes

containing either 300 or 480 lg of filgrastim; for practical
reasons, patients thus received a fixed filgrastim dose, which
reflects clinical routine [6]. The corresponding individual dose
based on body weight ranged between 3.7 and 8.4 lg/kg. This is
consistent with the range of the daily dose of 4.0–8.4 lg/kg used
in randomized clinical studies with Neupogen� in cancer
patients receiving cytotoxic chemotherapy [19, 20]. Thorough

Table 5. Pharmacokinetics (PK) of filgrastim after single i.v. infusion of rhG-CSF to healthy volunteers

PK parameter Zarzio� (n = 24) geometric

mean (SD)

Neupogen� (n = 24)

geometric mean (SD)

Point estimate (%) 90% CI

Cmax (ng/ml) 186.4 (19.8) 188.7 (25.2) 98.82 95.76% to 101.98%

AUC0–last (ng�h/ml) 632.1 (105.8) 634.2 (112.6) 99.68 96.94% to 102.47%

AUC0–N (ng�h/ml) 635.8 (106.7) 637.5 (113.1) 99.74 97.01% to 102.56%

t½ (h) 12.47 11.12 112.12 100.87% to 124.62%

rhG-CSF, recombinant human granulocyte colony-stimulating factor; SD, standard deviation; CI, confidence interval; Cmax, maximum serum concentration;

AUC0–last, area under the serum concentration–time curve from 0 h to the last quantifiable concentration; AUC0–N, area under the serum concentration–

time curve from 0 h to infinity; tmax, time point of maximal serum concentration; t½, half-life of drug elimination.
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Figure 2. Mean CD34+ profiles after s.c. administration of 2.5 lg/kg Zarzio� (—:—), 2.5 lg/kg Neupogen� (—D—), 5 lg/kg Zarzio� (—d—), 5 lg/kg
Neupogen� (—s—), 10 lg/kg Zarzio� (—n—), and 10 lg/kg Neupogen� (—h—) to healthy volunteers. Arrows represent drug administration.
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analysis of the effects of Zarzio� on patients stratified by dose
per kg body weight demonstrated similar therapeutic efficacy,
along with a comparable safety profile for all dose groups. The
result that the incidence of grades 3–4 neutropenia in study
EP06-301 was not higher in heavier patients, who had received
a relatively lower filgrastim dose than recommended in the
label, is also in accordance with literature data [21].
Zarzio� effectively reduced the risk of febrile neutropenia

and the incidence in cycle 1 was 7.6%, comparing well to
incidences reported from Amgen-sponsored studies [6, 7]. In
contrast, the median risk of developing febrile neutropenia with
the same chemotherapy regimen (3-week schedule of
doxorubicin and docetaxel), without rhG-CSF, was reported to
be 17.5% (range 15%–21%) [22–25].
The safety profiles of Zarzio� and Neupogen� in healthy

volunteers were comparable. Drug-related AEs were consistent
with those reported in normal donors as described in the
Summary of Product Characteristics (SPC) of Neupogen� [19]
and were similar for both products. Overall, these data support
the comparability of both products.

Zarzio� was very well tolerated by cancer patients in the phase
III study. The overall incidence of AEs was in the range of that
reported with the reference product. Notably, for musculoskeletal
events, an incidence of 21% for Zarzio� was reported versus 26%
for Neupogen� in the literature [7] or 13% in the SPC [19];
transient reversible increases in AST and LDH were in the range
of those previously reported with rhG-CSF [26].
As with any other biopharmaceutical, a major focus of safety

assessment was on the potential development of antidrug
antibodies in the treated subjects. Antibodies directed against
a therapeutic protein may have neutralizing activity and
interfere with the efficacy of treatment [27]. The reports on
anti-G-CSF antibodies are sparse and rather indicate that
positive testing is due to unspecific binding and causes no
clinical consequences for the individual patient [28]. For
Neupogen�, an incidence rate of 3% (11 patients out of 333) of
nonneutralizing antibodies in clinical studies has been reported
[19]. None of the 316 subjects treated with Zarzio� developed
anti-rhG-CSF antibodies, which shows that Zarzio� is safe
from an immunological point of view. This observation is in
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Figure 3. Mean serum filgrastim profiles after s.c. administration of 1 lg/kg Zarzio� (—¤—), 1 lg/kg Neupogen� (—)—), 2.5 lg/kg Zarzio� (—:—),

2.5 lg/kg Neupogen� (—D—), 5 lg/kg Zarzio� (—d—), 5 lg/kg Neupogen� (—s—), 10 lg/kg Zarzio� (—n—), and 10 lg/kg Neupogen� (—h—)

to healthy volunteers.

Table 6. Incidence and duration of severe neutropenia

Cycle Incidence Duration (days)

Zarzio� Neupogen� Zarzio� Neupogen�
N n (%) Green et al.

[6] (N = 75), %

Holmes et al. [7]

(N = 151), n (%)

Mean 6 SDa Mean 6 SDb Green et al. [6],

mean 6 SDb

Holmes et al. [7],

mean 6 SDb

1 170 80 (47) 83 116 (79) 2.2 6 0.9 1.8 6 1.4 1.6 6 1.1 1.8 6 1.4

2 162 25 (15) 54 81 (56) 1.8 6 0.6 1.3 6 0.5 0.9 6 1.0 1.1 6 1.1

3 159 33 (21) 53 86 (60) 1.9 6 0.9 1.4 6 0.6 0.9 6 1.1 1.2 6 1.4

4 154 27 (18) 49 78 (55) 2.1 6 0.8 1.7 6 0.6 1.0 6 1.3 1.3 6 1.5

aRecovery to ANC ‡1.0 · 109/l, i.e. number of days from the first day with ANC <0.5 · 109/l to the first day with ANC ‡1.0 · 109/l.
bNumber of consecutive days with ANC <0.5 · 109/l during the treatment cycle.

SD, standard deviation; ANC, absolute neutrophil count.
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line with published data on the absence of immunogenicity of
rhG-CSF in long-term maintenance treatment [29].
Taken together, the phase I studies demonstrate the

biosimilarity of Zarzio� and Neupogen� with respect to PD
and PK profiles, over doses ranging from 1 to 10 lg/kg,

following both s.c. and i.v. administration. This was shown in
healthy volunteers, a more sensitive model than neutropenic
patients under cytotoxic chemotherapy since healthy bone
marrow is more responsive to rhG-CSF treatment. Efficacy and
safety of Zarzio� were further confirmed in a phase III study in

Table 7. Overall incidence of grade 3 or 4 neutropenia for doses expressed per body weight

Dose per body

weight (lg/kg)
Number of

patients (%)

Incidence of neutropenia (grades 3 and 4)a, n (%)

Overall Cycle 1 Cycle 2 Cycle 3 Cycle 4

<4.5 4 (2) 3 (75) 2 (49) 1 (42) 1 (42) 1 (42)

4.5 to <5.5 38 (22) 31 (82) 28 (14) 20 (16) 20 (16) 19 (16)

5.5 to <6.5 71 (42) 60 (85) 50 (11) 24 (11) 31 (12) 32 (12)

6.5 to <7.5 42 (25) 33 (79) 28 (14) 17 (15) 18 (16) 16 (16)

‡7.5 15 (9) 14 (93) 12 (20) 4 (25) 3 (23) 6 (29)

aAccording to the stratification based on mean dose administered and patient’s body weight at baseline, even though some patients might have been classified

in another dose group during the study due to a change in weight and/or dose.
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Figure 4. Mean absolute neutrophil count (ANC) curve for each cycle.

Table 8. General summary of AEs in study EP06-301

G-CSF-associated AEs Non-G-CSF-associated AEs

Number of subjects dosed 170 170

Number of subjects with AEs (%) 39 (23) 168 (99)

Number of AEs 89 1494

Severity, n (%)

Mild 79 (89) 557 (37)

Moderate 10 (11) 311 (21)

Severe 0 (0) 231 (15)

Life-threatening 0 (0) 208 (13)

Death 0 (0) 0 (0)

Relation to study drug, n (%)

Not suspected 45 (51) 187 (13)

Suspected to Zarzio�a 44 (49) 50 (3)

Suspected to chemotherapya 48 (54) 1264 (85)

aAn AE can be related to both Zarzio� and chemotherapy.

AE, adverse event; G-CSF, granulocyte colony-stimulating factor.

original article Annals of Oncology

1428 | Gascon et al. Volume 21 | No. 7 | July 2010
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neutropenic breast cancer patients receiving
myelosuppressivechemotherapy treatment.
The phase III study also suggests that the administration of

a fixed dose of filgrastim to neutropenic cancer patient
receiving chemotherapy, rather than a dose based on body
weight, has a similar therapeutic efficacy along with
a comparable safety profile.
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Key Facts

See inside back cover for references.

Research and Development (R&D)

Time to develop a drug = 10 to 15 years1, 2, 3

Approvals

• Medicines approved 2000–2012 = more than 40010, 

11, 12

• In the 30 years since the Orphan Drug Act was 
established, more than 400 orphan drugs have 
been approved.13

• Only 2 of 10 marketed drugs return revenues that  
match or exceed R&D costs.14

Medicines in Development

• Global development in 2011 = 5,400 compounds15

• U.S. development 2013 = 3,40016 — an increase of 
40% since 200517

• Potential first-in-class medicines** in clinical 
development globally = 70%18

Sales

Generic share of prescriptions filled:24

2000 = 49%

2012 = 84%

Development Costs

Average cost to develop a drug (including the cost of 
failures): 4, 5

•  Early 2000s = $1.2 billion* (some more recent studies 
estimate the costs to be even higher 6)

• Late 1990s = $800 million*

• Mid 1980s = $320 million*

• 1970s = $140 million*

Percentage of Sales That Went to R&D in 
20128 

Domestic R&D as a percentage of domestic sales = 20.7% 

Total R&D as a percentage of total sales = 16.4%

Economic Impact of the Biopharmaceutical 
Sector9 

Direct jobs = more than 810,000

Total jobs (including indirect and induced jobs) = nearly 
3.4 million

Value of Medicines

•  Cancer: Since 1980, 83% of life expectancy 
gains for cancer patients are attributable to new 
treatments, including medicines.19 Another study 
found that medicines specifically account for 50% 
to 60% of increases in survival rates since 1975.20

•  Cardiovascular Disease: According to a 2013 
statistics update by the American Heart 
Association, death rates for cardiovascular disease 
fell a dramatic 33% between 1999 and 2009.21

•  HIV/AIDS: Since the approval of antiretroviral 
treatments in 1995, the HIV/AIDS death rate has 
dropped by 85%.22, 23

*  Note: Data is adjusted to 2000 dollars based on correspondence with J.A. DiMasi.

** Note: First-in-class medicines are those that use a different mechanism of action from any other already approved medicine.

R&D Spending

Year PhRMA members7

2012 $48.5 billion (est.)
2011 $48.6 billion
2010 $50.7 billion
2009 $46.4 billion
2008 $47.4 billion
2007 $47.9 billion
2006 $43.4 billion
2005 $39.9 billion
2000 $26.0 billion
1990 $8.4 billion
1980 $2.0 billion
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Letter from PhRMA’s 
President and CEO

Today in America and around the world we confront daunting health care 

challenges. The incidence and costs of preventable and manageable chronic diseases 

like diabetes and asthma are growing. The medical needs of our rapidly aging 

population are unprecedented. And we face extremely complex diseases like cancer 

and Alzheimer’s disease.

Each of these alone represents an enormous challenge and, in combination, a threat to 

both individual health and to the U.S. economy. To overcome these challenges we will 

need many innovative solutions, and research in the biopharmaceutical sector offers an 

important part of the answer.

Biopharmaceutical research is an engine of progress in the fight against disease and in 

building a stronger economy. More importantly, drug discovery offers patients around 

the globe real hope — hope that a once-deadly disease may be prevented, treated, and even cured, hope that a 

patient may stop being a patient and live a longer, healthier life.  

Researchers continue to work toward these goals in spite of many  barriers. The science and technology of drug 

development are increasingly complex, and the length and cost of research and development have continued to 

grow. Regulatory and business environments add uncertainty to the process.

Still, researchers in our industry are inspired to improve life for patients. This is why biopharmaceutical research 

companies invested an estimated $48.5 billion in new R&D in 2012 — the largest R&D investment of any sector 

in the U.S. economy. PhRMA members invest in order to realize the promise of incredible advances in our 

understanding of basic biology; to help solve the puzzle of cancers and rare diseases; and to help reduce the cost 

and health burden of disease.  

I am pleased to present the 2013 Biopharmaceutical Research Industry Profile, which lays out both the challenges 

we face and the progress we have made. I am proud of the story it tells of a sector striving to achieve the hope we 

all share for a longer life and a healthier future. 

 

     John J. Castellani

     President and Chief Executive Officer

     Pharmaceutical Research and Manufacturers of America

Hear more from  
John J. Castellani here.
◄ Scan QR code
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Introduction

Committed to Patients, Health, 
and the Economy 

N
ew medicines have been an 

important part of transforming 

many diseases in recent years. 

They are putting rheumatoid arthritis 

into remission, greatly increasing the 

chances of survival for children with 

cancer, curing hepatitis in many patients, 

and reducing hospitalizations for  

HIV patients.

The biopharmaceutical industry is a 

dynamic, knowledge-driven sector.  

The work of its researchers brings  

hope to millions of patients and  

benefits to local and national 

economies. Biopharmaceutical 

companies invest heavily in research 

and development; in the past year, 

Pharmaceutical Research and 

Manufacturers of America (PhRMA) 

members surpassed the $500 billion 

mark in research and development 

(R&D) spending since 2000. 

Developing a new medicine is 

challenging and the chances of success 

are extremely low, particularly in recent 

years. The 44 new medicines approved by 

the U.S. Food and Drug Administration 

(FDA) in 2012 represented the highest 

total in 15 years, a proud landmark for 

an industry whose mission is to save and 

improve lives.

In addition to their health benefits, 

medicines are an important part of 

the solution to rising health care costs 

through their role in reducing the 

need for hospital stays, surgeries, and 
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Introduction

other costly interventions. The biopharmaceutical sector also 

supports hundreds of thousands of high-quality, well-paying 

jobs in the United States that contribute significantly to the 

health of our communities and the nation’s economy.

The 2013 Biopharmaceutical Research Industry Profile provides 

an overview of the essential contributions the industry makes to 

the lives and health of people and to the U.S. economy. Chapter 

1 examines the enormous value of medicines developed by 

biopharmaceutical companies for patients around the world. 

Chapter 2 discusses the role that prescription medicines 

play in improving the quality and value of health care, and 

in controlling its cost. Chapter 3 describes the impact of the 

biopharmaceutical industry on local, state, and the national 

economies. Chapter 4 captures the R&D process that brings us 

new medicines. Chapter 5 reflects on our growing knowledge 

of disease, which is providing the most promising platform ever 

for developing new medicines and new ways to save lives. And 

Chapter 6 looks ahead at the hurdles facing the sector and how 

biopharmaceutical companies are meeting those challenges.
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N
ew medicines save and 

improve lives every day. For 

patients, new medicines can 

mean getting back to work, avoiding 

doctors visits and surgeries, feeling 

better, and living longer.

      In recent years, we have seen accelerated 

progress in the fight against many 

diseases as a result of biopharmaceutical 

innovation. In 2012, the U.S. Food and 

Drug Administration (FDA) approved 

44 new medicines1,2 — the largest 

number in 15 years.3 Of those, 39 

were approved by the Center for Drug 

Evaluation and Research and 5 by the 

Center for Biologics Evaluation and 

Research. 

Novel therapies were approved in a wide 

variety of disease areas, including:4

 � Cystic Fibrosis: The first therapy 

that targets the underlying cause 

of cystic fibrosis. This personalized 

medicine treats a subset of patients 

with a specific mutation.5 

 � Skin Cancer: The first medicine 

approved for treatment of 

metastatic basal cell carcinoma, the 

most common form of skin cancer.6 

 � Tuberculosis: The first new 

tuberculosis medicine in 40 years, 

which will be used in combination 

with other medicines to treat 

multi-drug resistant tuberculosis 

infection.7 

 � Leukemia: Three new therapies 

that treat chronic myelogenous 

leukemia, a rare blood and bone 

marrow disease.8 

 � Cushing’s Disease: Two new 

medicines to treat Cushing’s 

disease, a rare disease that affects 

the pituitary gland causing a host 

of problems throughout the body. 

One medicine treats patients with 

endogenous Cushing’s syndrome  

and the other is the first medicine 

that addresses the underlying 

mechanism of the disease.9,10

 � Respiratory Distress Syndrome:  
A new medicine to treat respiratory 

distress syndrome in premature 

infants.11

These accomplishments 
could not have been achieved 
without the innovations of the 
biopharmaceutical industry 
and the dedication and skill 
of FDA’s drug review staff.12

► Food and drug administration on 
2012 approvals

Impacting Patients
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Fighting Rare Diseases

This year marks the 30th anniversary of the 
enactment of the Orphan Drug Act, which was pivotal 
in creating incentives for the development of new 
treatments for rare diseases. The Act transformed 
the landscape of drug development for rare diseases: 
more than 400 medicines have been approved to 
treat rare diseases since 1983,  compared with 
fewer than 10 in the 1970s.13,14  

Researchers have made tremendous progress 
against rare diseases in recent years. In fact, the 
FDA notes that approximately one-third of all new 
medicines approved in the last 5 years have been 
designated as “orphan drugs” — the term used for 

medicines that treat rare diseases affecting fewer 
than 200,000 patients in the United States.15  In 
2012, 13 orphan drugs were approved by the FDA.16  

Although each of the nearly 7,000 rare conditions 
affects a small number of people, their impact on 
public health is anything but small; rare diseases 
overall affect more than 30 million Americans.17 
Because 85% to 90% of rare diseases are serious or 
life threatening, bringing new medicines to patients 
is especially important.18  (See Chapter 5, page 
46 for information about treatments currently in 
development for rare diseases.)
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Figure 1: A Decade of Innovation—Selected Advances

2004–2013

2004
• First anti-angiogenic 
   medicine for cancer 
• New Rx for most 
   common form of 
   lung cancer

2011
• First lupus drug in 50 years
• Two hepatitis C drugs offer better 
   chance for a cure
• Two new personalized medicines
 

2007
• New class of medicines to treat 
   high blood pressure
• First treatment for �bromyalgia

2006
• First Rx for chronic chest pain in 20 years
• First vaccine for the prevention of cervical cancer
• First once-a-day HIV medicine

2012
• 43 new approvals
• First drug to target root 
   cause of cystic �brosis 

2013
• More than 
   5,000+ 
   medicines 
   in development
   globally

2010
• Two new Multiple Sclerosis drugs
• First therapeutic cancer vaccine

2008
• A new type of treatment for 
   Crohn’s disease
• The �rst Rx for symptoms of 
   Huntington’s disease

2009
• First treatment for peripheral 
   T-cell lymphoma
• First new Rx for gout in 40 years

2
•

2005
• First new kidney cancer 
   Rx in over a decade
• Three new therapies 
   for diabetes

SOURCES: U.S. Food and Drug Administration. Available at www.fda.gov (accessed February 2013); Analysis Group. “Innovation in the 
Biopharmaceutical Pipeline: A Multidimensional View.” Boston, MA: Analysis Group, January 2013. Available at  www.analysisgroup.com/ 
uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf (accessed February 2013).

Progress Against Disease

Medicines improve patients’ lives in 

many different ways. Appropriate 

use of medications can have a huge 

impact on the health and well-being 

of patients and their caregivers by 

extending life, halting or slowing disease 

progression, minimizing complications, 

improving quality of life, preventing 

hospitalizations and surgeries, 

preventing disease, and reducing 

side effects. Following are just a few 

specific examples of the positive impact 

therapies have had on patient care.

Extending Lives

Childhood Cancers: The chance 

of survival for children with cancer 

has greatly improved in recent years. 

The 5-year relative survival rate 

increased from 58% in the mid-1970s 

to 83% in the most recent time period 

(2002–2008) — a 25 percentage point 

increase.19 (See Figure 2.) The American 

Cancer Society noted that “survival for 

all invasive childhood cancers combined 

has improved markedly over the past 

30 years due to new and improved 

treatments.”20 

Slowing and Preventing  
Disease Progression

Cardiovascular Disease: Despite 

rising obesity levels, Americans have 

reached a milestone in controlling high 

cholesterol. The U.S. Centers for Disease 

Control and Prevention (CDC) reported 

in 2007 that U.S. adults reached an 

average cholesterol level in the ideal 

range (below 200) for the first time 

in 50 years.21 (See Figure 3.) Authors 

of the report attribute the drop to the 

increased use of cholesterol-lowering 

medicines in the over-60 population.22 
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Hepatitis C: This viral disease, which 

affects 3.2 million people in the United 

States, attacks the liver leading to many 

complications, including cirrhosis, liver 

transplants, liver cancer, and death.23 

Sustained virologic response rates 

improved from 10% in the 1990s to 

80% today among hepatitis C patients.24 

Sustained virologic response, defined 

as the suppression of the virus below 

detectable levels for 24 weeks after 

treatment, rose as understanding of the 

disease grew and treatment moved to 

today’s triple therapy regimens, which 

include recently approved “direct acting 

antivirals.”25

SOURCE: American Cancer Society. “Cancer Facts & Figures, 2013.” Atlanta, GA: American Cancer Society, 2013. Available 
at www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf (accessed 
February 2013).

We are living in very exciting times. While years ago there 
were no specific therapies for liver diseases, we now have 
many different therapies for patients with different types of 
liver disease and at different stages of disease. One of the 
most exciting areas is the therapy of hepatitis C, one of the 
main causes of liver disease in the world.26

► guadalupe garcia-tsao, m.d., president, american association For the 
study oF liver diseases
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SOURCE: American Cancer Society. “Cancer Facts & Figures, 2013.” Atlanta, GA: American Cancer Society, 2013. Available at 
www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc‐036845.pdf (accessed 17 February 2013)
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Figure 2: Survival Rates for Childhood Cancers Have Increased  
25 Percentage Points over the Last Several Decades
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SOURCES: S.E. Schober, et al. “High Serum Total Cholesterol—an Indicator for Monitoring Cholesterol Lowering Efforts: U.S. Adults, 2005–2006.”  
NCHS Data Brief 2007; 2: 1–8. Hyattsville, MD: National Center for Health Statistics; M.D. Carroll, et al. “Trends in Lipids and Lipoproteins in U.S. Adults, 
1988–2010.” JAMA 2012; 308(15): 1545–1554.

Figure 3: In 2007, the Average Cholesterol Level for Adults Reached  
the Ideal Range, Below 200 mg/dL
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Association 2012; 308(15): 1545–1554. 

Figure 3: In 2007, the Average Cholesterol Level for Adults Reached 
the Ideal Range, Below 200 mg/dL  

Protein enzymes, receptors, 
or channels identified by the 
pharmaceutical industry as  
‘drugable targets’ have led to  
striking, remarkable, and  
repeated achievement.27

► drs. myron WeisFeldt and susan Zieman, 
Johns hopkins university, “advances in the 
prevention and treatment oF cardiovascular 
disease,” health aFFairs, 2007  
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Preventing Hospitalizations

HIV/AIDS: Since anti-retroviral 

treatments became available in the mid-

1990s, survival rates for HIV patients 

have grown rapidly, increasing the 

number of people living with the disease 

between 1996 and 2000 by 28%. Despite 

this increase in survival, hospitalization 

rates fell by 32% in this period.28 In more 

recent years, hospitalization rates have 

continued to fall. Between 2002 and 

2007, the hospitalization rate fell from 

35 per 100 HIV patients to 27 per 100 

patients, a 23% drop.29

Diabetes: Over the last several years, 

many innovative medications for the 

treatment of diabetes have emerged, 

giving patients important tools for 

managing their disease. A recent study 

found that emergency room visits 

of patients who took their diabetes 

medicines as directed were 46% lower 

than for patients who took their 

medicines less than 50% of the time. 

Similarly, the hospitalization rate and 

the number of days spent in the hospital 

were 23% and 24% lower, respectively, for 

adherent patients.30 

HIV/AIDS

THEN… “In the early years of the AIDS epidemic before ART 

(anti-retroviral treatment) was available, the median survival 

after an AIDS diagnosis was measured in weeks to months and 

patient care was confined to diagnosing and treating a complex 

array of opportunistic infections and AIDS-related types of 

cancer…”

NOW… “In stark contrast to the early and mid-1980s, if a 

person aged 20 years is newly infected with HIV today and 

guideline recommended therapy is initiated, researchers can 

predict by using mathematical modeling that this person will 

live at least an additional 50 years — that is, a close-to-normal 

life expectancy.”31 

► drs. carl W. dieFFenbach and anthony s. Fauci,  
annals oF internal medicine, 2011

Learn about progress against 
HIV from an activist who has 
seen the disease go from 
acute and fatal to chronic and 
manageable.
Scan QR code ►

Check out an infographic 
on the impact of  

innovation and adherence 
in improving the lives of 

diabetes patients.

Scan QR code ▼
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Improving Quality of Life

Rheumatoid Arthritis: Clinical 

remission is now possible for patients 

with severe rheumatoid arthritis (RA).32   

A recent study found that patients treated 

with combination therapy consisting 

of both a new and older medicine 

had a 50% chance of complete clinical 

remission after 52 weeks of treatment, 

compared with 28% for those taking only 

the older medicine. These results would 

have been “unthinkable” prior to new 

disease-modifying biological medicines.33 

Rheumatoid Arthritis

THEN… “Previously the progression of RA from symptom onset 

to significant disability was often inevitable and, in some cases, 

rapid.”

NOW… “With the availability of medications that can slow or 

halt disease progression and prevent irreversible joint damage, 

joint replacement surgery is not always the ultimate outcome and 

patients with RA may live comfortable and productive lives on 

medical therapy.”34

► drs. katherine upchurch and Jonathan kay, university oF massachusetts 
medical school 
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The Evolving Value of  
Medicines

Advances against disease like those 

illustrated above are not typically driven 

by large, dramatic developments, but 

more commonly result from a series of 

incremental gains in knowledge over 

time. New medicines build on one 

another step by step. In addition, the best 

clinical role and full value of a therapy 

typically emerges years after initial 

approval as further research is conducted 

and physicians gain real-world 

experience. Initial FDA approval 

often marks the starting point for this 

additional research, generating a larger 

body of evidence to help us understand 

the full value of the medicine and how 

best to treat patients.

This step-wise transformation in 

knowledge has led to increased 

survival, improved patient outcomes, 

and enhanced quality of life for many 

patients. In fact, in recent years we 

have seen the transformation of several 

diseases that were once thought of as 

acute and sometimes fatal to chronic, 

manageable conditions for patients who 

have access to medication. 

Some forms of cancer provide a useful 

illustration of the different pathways by 

which our understanding of value can 

evolve:35 

 � Use earlier in treatment line  
or disease state 
For example: Trastuzumab 
(Herceptin®) received an additional 
indication for use as a potential 
first-line adjuvant therapy, 10 years 
after originally being approved as a 
second-line treatment for HER2+ 
metastatic breast cancer.

 � Use in combination with other 
therapeutics or biomarkers 
For example: Subsequent studies of 
Cetuximab (Erbitux®) indicated that 
mutations of the KRAS gene could 
predict response to treatment for 
patients with a form of metastatic 
colorectal cancer, allowing for more 
targeted treatment.

 � Use in additional indications 
For example: Docetaxel (Taxotere®) 
was initially approved for the 
treatment of non-small cell lung 
cancer, but continued research 
revealed a significant survival benefit 
in squamous cell carcinoma of the 
head and neck; initial evaluation 
based on early trial results would 
have substantially underestimated 
its impact on survival by more than 
4.5 years.
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Improving the Quality  
and Value of Health Care

I
mproving the quality and value 

of health care — and controlling 

its costs — are imperatives for 

the health of Americans and for our 

economy. Prescription medicines play 

an important role in achieving both 

of those goals, especially in light of 

our aging population and the large 

number of people living with chronic 

conditions. 

With optimal use, medicines can 

improve health outcomes and help to 

reduce the need for costly health care 

services, such as emergency room 

admissions, hospital stays, surgeries,  

and long-term care. Patients are 

healthier, and unnecessary medical 

expenditures are avoided. 

As more Americans gain access to 

health care, it is important that they 

also have access to the medicines they 

need. Suboptimal use of prescription 

medications remains a challenge, and 

there is a large opportunity for patients 

and their health care providers to 

improve the quality and the efficiency of 

the health care system by improving the 

use of medicines.

Better Use of Medicines 
Improves Outcomes 

For patients to receive the clinical 

benefits of medicines, several actions 

must occur:

 � Appropriate and timely diagnosis 

and prescribing

 � Prompt initiation of therapy 

 � Adherence to prescribed medicines 

(i.e., patients must take the 

medicines as prescribed at the right 

dose and right time)

 � Periodic reviews and updates of the 

medication regimen

All of these dimensions are key to 

achieving better health outcomes, 

particularly for patients with chronic 

diseases. For example:

 � Preventing Hospitalizations: 
Poor adherence to prescribed 

medicines is associated with 

increased hospitalizations, nursing 

home admissions, and physician 

visits.1, 2, 3 For instance, research 

demonstrates that patients who did 

not consistently take their diabetes 

medicine were 2.5 times more likely 

to be hospitalized than were patients 

who took their medicine as directed 

more than 80% of the time.4

 � Preventing Disease: Nonadherent 

patients were 7%, 13%, and 42% 

more likely to develop coronary 

heart disease, cerebrovascular 

disease, and chronic heart failure, 

respectively, over 3 years than were 

patients who took antihypertension 

medicine as directed.5

 � Preventing Adverse Events: 
Providing counseling to patients to 

clarify their medication regimen 

following hospital discharge can 

dramatically reduce the likelihood 

of adverse drug events.6 
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The Economic Value of 
Better Use of Medicines

Used appropriately, medicines also can 

generate positive economic outcomes 

across many common diseases. A 

wide range of studies have shown 

that improved use of recommended 

medications is associated with reduced 

total health care costs.7 In fact, the link 

between use of prescription medicines 

and spending on other health care 

services was recently acknowledged by 

the Congressional Budget Office (CBO). 

In 2012, the CBO announced a change 

to its scoring methodology to reflect 

savings in medical spending associated 

with increased use of medicines in 

Medicare.8 (For more on the value of 

better use of medicines in Medicare Part 

D, see sidebar on page 15.) 

It is estimated that the cost of suboptimal 

medicine use including nonadherence, 

undertreatment, administration errors, 

and underdiagnosis is between $100 and 

$290 billion annually.9,10

Examples of the medical savings resulting 

from better use of medicine include:

 � High Blood Pressure: Treating 

patients with high blood pressure in 

accordance with clinical guidelines 

would result in fewer strokes 

and heart attacks, preventing up 

to 89,000 deaths and 420,000 

hospitalizations annually and saving 

$15.6 billion a year.11 (See Figure 4.)

 � Diabetes: Improving adherence to 

diabetes medicines would result 

in an estimated reduction of more 

than 1 million emergency room 

visits and hospitalizations annually, 

for potential savings of $8.3 billion 

each year.12

 � High Cholesterol: Research has 

shown that statin therapy reduces 

low-density lipoprotein cholesterol 

levels by an average of 19%. Over 

one year, this reduction in bad 

cholesterol was associated with 

roughly 40,000 fewer deaths, 

60,000 fewer hospitalizations for 

Figure 4: Recommended Medicines Can Save Lives  
and Dramatically Improve Health

SOURCE: D.M. Cutler, et al. “The Value of Antihypertensive Drugs: A Perspective on Medical Innovation.” Health Affairs 2007; 26(1): 97–110.

4 • Use of Medicines 

“...achieving effective blood pressure control would be approximately equivalent to eliminating all deaths from accidents, or 
from influenza and pneumonia combined.” 

—David Cutler, Ph.D., Harvard University 
 
 

Annual Hospitalizations and Deaths Avoided through Use of Recommended Antihypertensive Medications 

53 

Annual Hospitalizations Avoided Annual Premature Deaths Avoided 

Prevention Achieved: 
Based on Current Treatment Rates 833,000 86,000 

Potential Additional Prevention: 
If Untreated Patients Received 

Recommended Medicines 
420,000 89,000 

Source: D.M. Cutler, et al. “The Value of Antihypertensive Drugs: A Perspective on Medical Innovation.” Health Affairs 2007; 26(1): 97–110. 
 

Figure 4: Recommended Medicines Can Save Lives  
and Dramatically Improve Health 
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heart attacks, and 22,000 fewer 

hospitalizations for strokes in the 

United States. From an economic 

perspective, those prevented 

hospitalizations translated into 

gross savings of nearly $5 billion.13 

 � Chronic Conditions: For 

conditions such as diabetes, 

dyslipidemia, hypertension, and 

congestive heart failure, patients 

who had better adherence to 

prescribed medicines experienced 

savings of $3 to $10 in non-drug 

spending for each additional dollar 

spent on prescriptions — a net 

savings of $1,200 to $7,800 per 

patient per year.14 (See Figure 5.)

Another aspect of the economic impact 

of medicines is their potential to 

improve productivity in the workplace 

through reduced absenteeism or 

disability leave, which benefits both the 

individual patient and the economy as 

a whole. Several of the most common 

chronic conditions are estimated to 

cost the economy more than $1 trillion 

annually in lost productivity.15 Examples 

of improved productivity include:

 � Rheumatoid Arthritis: 
Researchers at the Integrated 

Benefits Institute found that 

high cost sharing for rheumatoid 

arthritis medications decreased 

adherence and led to increased 

incidence and longer duration 

of short-term disability leave. 

Researchers estimated that 

lowering patient copays would 

improve medication adherence, 

reducing lost productivity among 

workers with this disease by 

26%.16 

 � Chronic Conditions: Research 

shows that workers diagnosed 

with diabetes, hypertension, 

dyslipidemia, asthma, or chronic 

obstructive pulmonary disease 

who are adherent to prescribed 

medicines were absent  up to 7 

fewer days from work and used 5 

fewer days of short-term disability 

compared with nonadherent 

workers.17 

Gaps in Optimal Use  
of Medicines 

Poor use of medicines is a widespread 

challenge throughout the health care 

system. Because of the broad scope 

Figure 5: Adherence to Medicines Lowers Total Health Spending  
for Chronically Ill Patients

SOURCE: M.C. Roebuck, et al. “Medical Adherence Leads to Lower Health Care Use and Costs Despite Increased Drug Spending.” Health Affairs 
2011; 30(1): 91–99.

4 • Use of Medicines 

Figure 5: Adherence to Medicines Lowers Total Health Spending 
for Chronically Ill Patients 

Better use of medicines reduces use of avoidable medical care, resulting in reductions in medical spending. 

54 

Source: M.C. Roebuck, et al. “Medication Adherence Leads to Lower Health Care Use and Costs Despite Increased Drug Spending.” Health Affairs 2011; 30(1): 91–99. 
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Medicare Part D: Improving Seniors’ Access to Medicine  
and Reducing the Cost of Care

Passed into law in 2003, the Medicare prescription 
drug program (Part D) began in 2006. The program is 
working well and exceeding expectations. The current 
estimates for total spending over the first 10 years 
of the program are $346 billion lower than initial 
projections.18 Additionally, health outcomes for seniors 
have improved, and beneficiary satisfaction is high.19 
Medicare Part D has improved access to needed 
medicines and reduced hospitalizations and use of 
other medical care.20 

A 2011 study in the Journal of the American Medical 
Association found that for those with limited prior drug 
coverage who subsequently enrolled in Part D, there 
was an average savings of $1,200 per beneficiary 

in total non‑drug medical costs in both 2006 and 
2007.21 (See Figure 6.) Better access to medicines 
through Medicare Part D also has led to declines 
in costly hospitalizations and skilled nursing care, 
which provides significant savings to the Medicare 
program.22,23 

Today, 32 million people, or almost two‑thirds of all 
Medicare beneficiaries, are enrolled in a Part D plan,24 
and the overwhelming majority of them rate their 
coverage highly. A recent survey reported that 96% of 
respondents were satisfied with their Medicare drug  
coverage, and 96% said their coverage worked well.25 
To learn more about the successes of Medicare’s Part D 
program, visit www.phrma.org/issues/medicare. 

Find out more about 
the successes of  
Medicare’s Part D 
Program.
Scan QR code ►
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-$400
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-$1,400

Part A Part B Other Non-drug* Total Non-drug 
Medical Spending

-$816

-$268

-$140
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Total 
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per 
Beneficiary

-$1,224

Source: J.M. McWilliams, A.M. Zaslavsky, and H.A. Huskamp. “Implementation of Medicare Part D and 
Nondrug Medical Spending for Elderly Adults with Limited Prior Drug Coverage.” JAMA 2011; 306(4): 
402–409; C.C. Afendulis and M.E. Chernew. “State-Level Impacts of Medicare Part D.” American 
Journal of Managed Care 2011; 17 Suppl 12:S. 

*Home health, durable medical equipment, hospice, and outpatient institutional services.                                   

The Medicare drug benefit increased access to medicines, reducing non-drug medical 
spending — an overall savings of $13.4 billion in 2007, the first full year of the program.

Figure 6: Gaining Drug Coverage Reduced Other Medical Spending

SOURCES: J.M. McWilliams, A.M. Zaslavsky, and H.A. Huskamp. 
“Implementation of Medicare Part D and Nondrug Medical Spending for Elderly 
Adults with Limited Prior Drug Coverage.” JAMA 2011; 306(4): 402–409; C.C. 
Afendulis and M.E. Chernew. “State-level Impacts of Medicare Part D.” American 
Journal of Managed Care 2011; 17 Suppl 12: S.
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of the problem, there is a significant 

opportunity for improving patients’ 

health and the efficiency of the health 

care system. 

 � More than 25% of newly written 

prescriptions, including those for 

high blood pressure, diabetes, and 

high cholesterol, are never brought 

to the pharmacy to be filled.26

 � Approximately 50% of medications 

for chronic diseases are not taken as 

prescribed.27

 � Among elderly patients, underuse of 

recommended medicines outweighs 

overuse by about 17 to 1.28

 � A National Community 

Pharmacists Association poll 

showed that nearly 75% of adults 

do not follow their doctors’ 

prescription orders, including 

not filling the prescription in the 

first place or taking less than the 

recommended dose.29  

Patients do not follow their doctors’ 

prescription recommendations for a 

wide variety of reasons. Patients may not 

believe that the treatment will help them 

or they may not adequately understand 

their illness and the need for treatment. 

Some patients may experience or fear 

potential side effects. Others suffer 

from cognitive or physical impairments 

that can reduce their adherence 

to medication regimens. Complex 

medication regimens, limited access 

to medicines, and poor relationships 

between prescribers and patients may 

also contribute to nonadherence.30 

Improving Use of  
Medicines

Given the potential for better use of 

medicines, there are clear opportunities 

for various parts of the health care 

system to contribute to improvement. 

Employers, health plans, pharmacists, 

manufacturers, and other health care 

Figure 7: Diabetes: An Example of Underdiagnosis and Undertreatment

4 • Use of Medicines 49 

16 million are TREATED 
• Blood sugar control (diet and exercise, medicines) • 

• Testing to prevent complications • 

Uncontrolled diabetes can lead to kidney failure, amputation, blindness, and stroke. 

26 million Americans with DIABETES 

19 million are DIAGNOSED 

8 million are treated and have their 
disease CONTROLLED 

8 million have  
CONTROLLED diabetes 

7 million are UNDIAGNOSED 

3 million are 
diagnosed but 
NOT TREATED 

8 million receive some treatment  
but their disease is 

 NOT SUCCESSFULLY CONTROLLED 

18 million have UNCONTROLLED diabetes 

Figure 7: Diabetes: An Example of Underdiagnosis and Undertreatment 

SOURCES: CDC. "National Diabetes Fact Sheet: National Estimates and General Information on Diabetes and Prediabetes in the United States, 2011." Atlanta, GA: HHS, CDC, 
2011. www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf (accessed December 2012); IHS Global Insight Analysis based on 2010 NHANES. http://meps.ahrq.gov/mepsweb/ 
(accessed December 2012). 

SOURCES: U.S. Centers for Disease Control and Prevention (CDC). “National Diabetes Fact Sheet: National Estimates and General Information 
on Diabetes and Prediabetes in the United States, 2011.” Atlanta, GA: U.S. Department of Health and Human Services, CDC, 2011. www.cdc.gov/
diabetes/pubs/pdf/ndfs_2011.pdf (accessed December 2012); IHS Global Insight Analysis of 2010 NHANES. Available at http://meps.ahrq.gov/
mepsweb/ (accessed December 2012).
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stakeholders have taken on the challenge 

in differing ways. For example:

 � To reduce their medical costs, 

employers and health plans are 

focusing on comprehensive 

medication management and 

decreasing cost sharing, which can 

pose a significant barrier to taking 

prescribed medicines.31 

 � Advances in information 

technology are enabling pharmacies 

to synchronize refills for patients 

who have multiple prescriptions 

to reduce the number of times a 

patient must go to the pharmacy. 

Some pharmacies now send out 

reminders to patients when they 

need to pick up a prescription and 

allow physicians to access their 

patients’ medication fill histories to 

prevent drug interactions. 

 � The Centers for Medicare and 

Medicaid Services is tracking 

medication adherence rates for 

Part D Medicare Advantage and 

standalone prescription drug plans.

 � Biopharmaceutical companies are 

continuing to develop innovative 

new therapies that make it easier 

for patients to take medicines by 

simplifying dosing regimens or 

reducing side effects. 

There is no single solution to improving 

use of medicines. With diverse 

approaches, patients will gain more 

value from the medicines prescribed to 

keep them healthy.

Figure 8: Percentage of Doses Patients Take as Prescribed
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Figure 8: Percentage of Doses Patients Take as Prescribed 

SOURCE: A.J. Claxton, J. Cramer, and C. Pierce. “A Systematic Review of the Associations Between Dose Regimens and Medication Compliance. 
Clinical Therapeutics 2001; 22(8): 1296–1310. 

SOURCE: A.J. Claxton, J. Cramer, and C. Pierce. “A Systematic Review of the Associations Between Dose Regimens and Medication 
Compliance.” Clinical Therapeutics 2001; 23(8): 1296–1310.
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Supporting the Economy

T
he biopharmaceutical industry 

continues to make major 

contributions to the U.S. 

economy. This sector generates high-

quality jobs and powers economic  

output for the U.S. economy, serving as 

“the foundation upon which one of the 

United States’ most dynamic innovation 

and business ecosystems is built.”1 The 

U.S. biopharmaceutical sector employs 

more than 810,000 workers, supports 

a total of nearly 3.4 million jobs across 

the country, and contributes nearly $790 

billion in economic output on an annual 

basis when direct, indirect, and induced 

effects are considered.2

These economic impacts are driven 

by the industry’s research and 

development (R&D) enterprise. (See 

Chapter 4 for more on investment in 

R&D.) The U.S. biopharmaceutical 

sector accounts for the single largest 

share of all U.S. business R&D, 

representing nearly 20% of all  

domestic R&D funded by U.S. 

businesses, according to data from  

the National Science Foundation.3 

The high number of jobs that are 

supported indirectly reflects the fact 

that the industry is a “jobs multiplier,” 

meaning that each biopharmaceutical 

sector job supports a total of four jobs 

throughout the economy. (See Figure 

9 and sidebar, “Mapping the Impact.”) 

The industry helps support a vibrant 

scientific and economic ecosystem that 

is vital to the U.S. economy and our 

country’s competitiveness in the global 

market. Biopharmaceutical companies 

put down roots in communities across 

the country, helping to generate jobs 

across a whole range of sectors, from 

suppliers to retail to personal services.

The jobs the industry creates have high 

wages and require a workforce with 

diverse skills and educational levels, 

from Ph.D. scientists, to entry-level 

technicians, to support staff of all kinds. 
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SOURCE: Battelle Technology Partnership Practice. “The Economic Impact of the U.S. Biopharmaceutical Industry.” Washington, DC: Battelle 
Technology Partnership Practice, July 2013.

Figure 9: The Ripple Effect of High-Value Biopharmaceutical Jobs

Mapping the Impact

In accomplishing the mission of bringing new medi‑
cal treatments to the market, the biopharmaceutical 
industry sustains a very large‑scale supply chain — both 
in R&D and in support of the production and distribu‑
tion of biopharmaceutical products. 

To provide insight into the breadth and depth of the 
industry’s impact in the form of business relationships 

with vendors large and small, a recent analysis 
aggregated data from 17 innovative biopharmaceutical 
companies across 17 states. The analysis found that 
in 2011, these biopharmaceutical companies spent 
approximately $53 billion in transactions with vendors 
and suppliers in these states.4 The recipient companies 
provided services and supplies to the industry. Although 
just a snapshot of the sector’s total impact, these findings 
demonstrate the importance of a strong and vibrant 
biopharmaceutical industry in helping other businesses 
to grow and contribute to a strong local economy. 

Vendor data from this analysis, broken down by 
congressional and state legislative district, can be viewed 
at www.weworkforhealth.org.

6 • Economic Impact 

The biopharmaceutical sector supported nearly 3.4 million jobs across the economy in 2009, including about 3.3 
million in other sectors. 

72 

SOURCE: Battelle Technology Partnership Practice, The Economic Impact of the U.S. Biopharmaceutical Industry, July 2013. 

Biopharma Jobs 
More than 810,000 Jobs in the 
U.S. Biopharmaceutical Sector 

Total Jobs Supported 
 Nearly 3.4 million total U.S. Jobs Supported 

by the Biopharmaceutical Sector 

Each direct 
biopharmaceutical job 
supports 3 additional 
jobs in other sectors 

Figure 9: The Ripple Effect of High-Value Biopharmaceutical Jobs 
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Science, technology,  
engineering, and mathematics 
(STEM) workers drive our  
nation’s innovation and  
competitiveness by generating  
new ideas, new companies,  
and new industries. STEM  
workers play a key role in the  
sustained growth and stability 
of the U.S. economy and are 
critical components to helping 
the U.S. win the future.5

► u.s. department oF commerce

In 2011, the more than 810,000 direct jobs 

generated $89.9 billion in total personal 

income—averaging $110,490 in wages and 

benefits per worker. This was twice the 

average U.S. private sector compensation 

of $54,455, an indication of the high-

quality jobs the biopharmaceutical 

industry provides to U.S. workers. 6 

Boosting State and  
Regional Economies

Clinical trials are the most costly 

portion of the drug development 

process, usually accounting for 45% to 

75% of the $1.2 billion average cost of 

developing a new medicine.7 Trials on 

average last 7 years and represent a large 

investment into the communities where 

they are conducted. Biopharmaceutical 

companies collaborate with local 

research institutions across the country 

— including clinical research centers, 

university medical schools, hospitals, 

and foundations — to carry out clinical 

trials, providing patients access to 

potential new treatments as well as 

creating local jobs. 

A PhRMA program called “Research 

in Your Backyard” helps to illustrate 

the impact trials have on communities 

around the country. Sixteen state 

reports developed by the program 

have been released, highlighting 

the biopharmaceutical economic 

impact on these communities 

through clinical trials. For example, 

in Washington State, job growth 

in the biopharmaceutical industry 

grew 12% from 2007 through 2011, 

compared with a 2% decline in jobs 

for all other industries.8 Since 1999, 
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biopharmaceutical companies working 

with local research institutions have 

conducted, or are conducting:

 � Nearly 3,500 clinical trials in 

Maryland, including 1,775 for six 

major chronic diseases (asthma, 

cancer, diabetes, heart disease, 

mental illness, and stroke)9

 � More than 3,000 trials in 

Colorado, including 1,400 for 

major chronic diseases10

 � More than 3,600 trials in Georgia, 

including 1,800 targeting major 

chronic diseases11

 � More than 3,400 trials in Virginia, 

including more than 1,500 for 

major chronic diseases12

Although clinical trials provide an 

economic boost for communities, their 

primary benefit is to offer patients 

potential therapeutic options. Clinical 

trials may provide a new avenue of care 

for some chronic disease sufferers who 

are searching for the medicines that are 

best for them. 

Ripple Effect of Industry 
R&D Support 

Biopharmaceutical R&D continues to 

have a strong impact on the overall 

U.S. economy. PhRMA members 

have invested more than half a trillion 

dollars in R&D since 2000, including an 

estimated $48.5 billion in 2012 alone.13 

The impacts of this spending and the 

sector’s broad support for biomedical 

research ripple across the economy. 

Support for the R&D enterprise extends 

beyond the confines of any given 

company. In addition to supporting 

science, technology, engineering, 

and mathematics (STEM) education 

The STEM fields and those 
who work in them are criti-
cal engines of innovation 
and growth: according to 
one recent estimate, while 
only about five percent of 
the U.S. workforce is em-
ployed in STEM fields, the 
STEM workforce accounts 
for more than fifty percent 
of the nation’s sustained 
economic growth.14

► u.s. department oF labor
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STEM Jobs and Education: A Critical Focus for Today and Tomorrow

Science, technology, engineering, and mathematics 
(STEM) education is critical to continued U.S. global 
leadership. A workforce with strong STEM skills is 
essential to providing an adequate supply of workers 
with the skills necessary for the increasingly complex 
mission of developing 21st century medicines, and for 
the U.S. biopharmaceutical industry to maintain its 
competitive edge globally.

From 2001 to 2008, the biopharmaceutical industry 
outperformed other major STEM industries in 
generating jobs, and it is one of the few high‑tech 
manufacturing sectors projected to add STEM‑related 
jobs between 2010 and 2020.15 However, many of 

these high‑wage, high‑value jobs may go unfilled if the 
United States continues to fall behind other countries in 
the quality of STEM education it provides its students. 
Improvements in this area would not only help the 
industry but also would benefit American workers as 
the average earnings for STEM workers are nearly twice 
as high as those of all workers, and STEM workers 
are also much less likely to experience joblessness.16 
Increasingly, biopharmaceutical companies are 
supporting STEM efforts around the country in many 
ways, including providing scholarships, mentoring 
students in local school districts, and funding and 
supporting teacher workshops and other professional 
development in STEM fields.
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(see sidebar on page 24), innovative 

biopharmaceutical companies are 

engaged in a range of precompetitive 

research collaborations and partnerships 

with academic medical centers as well 

as increasingly supporting start-up 

and emerging companies through the 

establishment of corporate venture 

capital funds. These innovative 

collaborations not only help to ensure 

a robust future for the industry and the 

biopharmaceutical ecosystem, but benefit 

the larger national economy as well.

Partnerships Across  
Sectors 

In recent years, biopharmaceutical 

companies have formed a growing 

number of partnerships with researchers 

in government, academia, smaller 

companies, and other parts of the 

biomedical ecosystem. The close and 

synergistic relationship between sectors 

in the biomedical research ecosystem 

is critical to ensuring a robust national 

biomedical research capacity in the 

United States.

The Tufts Center for the Study of Drug 

Development recently conducted an 

analysis of more than 3,000 partnerships 

of biopharmaceutical companies with 

academic medical centers (AMCs).17 

The analysis found that the partnerships 

benefit both industry and academia 

by providing opportunities for the 

sectors to work together to explore 

promising new technologies and 

address scientific problems that may 

lead to breakthroughs in treatments 

for the most challenging diseases and 

conditions. According to a report 

by PwC’s Health Research Institute, 

“all large pharmaceutical companies 

have established at least one AMC 

partnership, often specific to a disease,” 

and the number of partnerships is 

rising as the industry adopts a more 

collaborative approach to R&D.18 

These relationships vary significantly 

and are continually evolving. Common 

partnership models include unrestricted 

research support, academic drug 

discovery centers, and precompetitive 

research centers, which incorporate 

a collaborative research model that 

brings together various institutions that 

ordinarily are commercial competitors 

to perform early-stage research 

collectively. 

One prominent example of a 

precompetitive research collaboration is 

the Alzheimer’s Disease Neuroimaging 

Initiative (ADNI), which includes 

federal agencies, nonprofit 

organizations, and industry members. 

The goal is to identify physical 

changes in the brain prior to the onset 

of Alzheimer’s disease, track their 

progression, establish quality standards 

for imaging data collection and sharing, 

and validate biomarkers to be used in 

clinical trials.19 Data collected from 

ADNI are made available at no cost to 

other researchers to analyze and use 

when designing Alzheimer’s disease 

clinical trials and research projects.20

The industry is funding and 
working collaboratively with 
the academic component 
of the public sector on basic 
research that contributes 
broadly across the entire 
spectrum of biomedical R&D, 
not just for products in its 
portfolio.21

► tuFts center For the study oF drug 
development, 2012
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Corporate Venture  
Capital Investments

Venture capital (VC) and other forms 

of private capital are a key form of 

financing for start-up and emerging 

biopharmaceutical companies. 

As traditional VC has recently 

declined due to several factors, 

including regulatory challenges and 

concerns about coverage and payment 

for new medical innovations, the 

corporate venture arms of established 

biopharmaceutical companies 

have become an increasingly 

important source of capital to help 

fill this gap. Between 2010 and 2012, 

biopharmaceutical corporate venture 

capital funds invested nearly $1.2 

billion in biotechnology start-ups.22 

And corporate venture activity is on the 

rise. According to a recent report by the 

Boston Consulting Group, 63% of the 

30 largest biopharmaceutical companies 

currently participate in corporate 

venture capital investments — up from 

50% in 2007.23 

Corporate venture funds may provide biotech startups with 
strategic benefits beyond investment capital. These include 
the opportunity to access technology, research knowledge 
and capacity, drug development expertise, marketing 
competence, and (often) a global presence ... Corporate 
venturing by multinational pharmaceutical and large biotech 
companies is playing an increasingly important role in 
financing the development of early stage innovation... and an 
essential role in the sustainability of the biotech ecosystem, 
advancing the future of pharmaceutical innovation and biotech 
entrepreneurship.24

► georg von krogh, et al., nature biotechnology, 2012
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Ensuring Access to Needed Medicines

The Partnership for Prescription Assistance
The biopharmaceutical 
industry has long provided 
access to medicines for 
patients who cannot afford 

them. The Partnership for Prescription Assistance (PPA) 
has helped nearly 8 million uninsured and financially 
struggling patients gain free and confidential access 
to 475 public and private patient assistance programs, 
including nearly 200 that are offered by pharmaceutical 
companies.25 PPA member programs offer more than 
2,500 brand‑name medicines and generic drugs. More 
than 1,300 major national, state, and local organiza‑
tions have joined the PPA, including the American 
Academy for Family Physicians, American Cancer Soci‑
ety, American College of Emergency Physicians, Easter 
Seals, National Association of Chain Drug Stores, United 
Way, and the Urban League.

Patients can learn about and apply to the PPA by visiting 
www.pparx.org or calling toll‑free 1‑888‑4PPA‑NOW. The 
call center can provide help in English, Spanish, and 
about 150 other languages.

Rx Response
Ensuring access to medicines 
following a major disaster is 
a critical priority for biophar‑
maceutical companies. In the 

aftermath of Hurricane Katrina, the industry realized that 
the absence of a single point of contact through which 
federal and state officials could reach the biopharmaceu‑
tical supply chain was a serious problem. 

Rx Response is a unique collaborative initiative that 
brings together biopharmaceutical companies, distribu‑
tors, and dispensers, along with the American Red 
Cross, to help ensure the continued flow of medicines 
following a major disaster. In the 6 years since its 
inception, Rx Response has become an indispensable 
homeland security and public health asset. In October 
2012, Rx Response was activated to address threats to 
the supply chain posed by Super Storm Sandy. 

Among its most valuable resources is the Pharmacy 
Status Reporting Tool, an online resource that maps the 
location of open pharmacies in disaster‑stricken areas. 
For additional disaster planning resources and more 
information about Rx Response, visit RxResponse at 
www.rxresponse.org. 
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R&D: Delivering Innovation 

D
iscovering and developing 

new medicines is a long, 

complex, and costly process, 

but biopharmaceutical researchers 

devote their careers to this often 

frustrating but tremendously 

gratifying task. The research and 

development (R&D) process is the 

road to new medicines — and more 

often than not it entails many turns, 

stops, and starts. Substantial progress 

typically occurs in increments over 

time, as advances build on each other. 

In 2012, Pharmaceutical Research and 

Manufacturers of America (PhRMA) 

member companies invested an 

estimated $48.5 billion in R&D.1 

This strong investment is part of 

the industry’s ongoing commitment 

to innovation; since 2000, PhRMA 

members have spent more than half 

a trillion dollars on R&D.2 PhRMA 

members’ yearly investments represent 

the majority of all biopharmaceutical 

R&D spending in the United States.3

According to the Congressional 

Budget Office, “The pharmaceutical 

industry is one of the most research-

intensive industries in the United 

States. Pharmaceutical firms invest 
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as much as five times more in 

research and development, relative 

to their sales, than the average U.S. 

manufacturing firm.”4

Today, more than 5,000 medicines 

are in clinical trials globally or in U.S. 

Food and Drug Administration (FDA) 

review.5 All of these have the potential 

to benefit U.S. patients, and each must 

undergo the same rigorous process 

to determine safety and efficacy for 

patient use. (For more information 

about the many innovative medicines 

in the pipeline, see Chapter 5.) 

SOURCE: Pharmaceutical Research and Manufacturers of America. “PhRMA Annual Membership Survey.” 1996–2013.
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Figure 10: Biopharmaceutical Companies Continue to Invest Strongly in R&D  

Figure 10: Biopharmaceutical Companies Continue to Invest Strongly in R&D
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Overview of the R&D 
Process

For those who do not work directly in 

drug development, the difficulty of the 

process can be hard to grasp. Numbers 

can help give a sense of the gauntlet 

of challenges each candidate medicine 

must pass through, and those numbers 

are daunting:

 � On average, it takes about 10 to 

15 years for a new medicine to 

complete the journey from initial 

discovery to the marketplace.6,7,8

 � For every 5,000 to 10,000 compounds 

that enter the pipeline, only one 

receives approval. Even medicines 

that reach clinical trials have only a 

16% chance of being approved.9

 � The process is costly. The average 

R&D investment for each new 

medicine is $1.2 billion, including 

the cost of failures,10 with more 

recent studies estimating the costs 

to be even higher.11

Each potential new medicine goes 

through a long series of steps on its 

way to patients. Figure 11 outlines this 

process.

Drug Discovery

The first step in developing a new 

medicine is to understand the disease or 

condition as thoroughly as possible. The 

entire biomedical research community 

contributes to this body of knowledge. 

In the United States, we are fortunate 

to have a have a dynamic, collaborative 

research ecosystem that includes 

researchers from government, industry, 

and academia. 
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From the earliest stages of basic 

research to drug approval, this 

collaborative ecosystem is among our 

greatest strengths in moving medical 

advances forward and making the 

United States the worldwide leader in 

biopharmaceutical innovation. (For 

more information on this ecosystem 

and these partnerships, see page 25 in 

Chapter 3 and Figure 12 below.)

Basic research provides clues about 

how to treat diseases and potential ways 

to target the symptoms or underlying 

causes. Armed with an idea, researchers 

work to understand biological targets 

for a potential medicine. A drug target 

can be a protein, RNA, DNA, or other 

molecule that is somehow involved in 

the disease. The investigators conduct 

studies in cells, tissues, and animal 

models to determine whether the target 

can be influenced by a medicine. 

Then researchers look for a lead 

compound — a promising molecule 

that could influence the target and, 

potentially, become a medicine. They 

do this in various ways, including 

creating a molecule from scratch, using 

high-throughput screening techniques 

to select a few promising possibilities 

from among thousands of potential 

candidates, finding compounds from 

nature, and using biotechnology to 

genetically engineer living systems to 

produce disease-fighting molecules.

Even at this early stage, investigators 

already are thinking about the final 

product. Issues such as the formulation 

(or “recipe”) of a medicine and its 

delivery system (for example, whether 

it is taken in pill form, injected, or 

inhaled) are critical if a compound is to 

become a successful new medicine.

SOURCES: Pharmaceutical Research and Manufacturers of America. “PhRMA Annual Membership Survey.” 2013; National Institutes of Health (NIH), 
Office of Budget. “History of Congressional Appropriations, Fiscal Years 2000–2012.” Bethesda, MD: NIH, 2012. http://officeofbudget.od.nih.gov/pdfs/
FY12/Approp.%20History%20by%20IC)2012.pdf (accessed February 2013); Adapted from E. Zerhouni. “Transforming Health: NIH and the Promise of 
Research.” Transforming Health: Fulfilling the Promise of Research. Washington, DC. November 2007. Keynote address.  
www.researchamerica.org/transforming_health_transcript (accessed January 2013).

Figure 12: Government and Industry Roles in Research & Development
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SOURCES: Pharmaceutical Research and Manufacturers of America. “PhRMA Annual Membership Survey.” 2013; National Institutes of Health (NIH), Office of 
Budget. “History of Congressional Appropriations, Fiscal Years 2000–2010.” Bethesda, MD: NIH, 2012. 
http://officeofbudget.od.nih.gov/pdfs/FY12/Approp.%20History%20by%20IC)2012.pdf (accessed February 2013); Adapted from E. Zerhouni. “Transforming 
Health: NIH and the Promise of Research.” Transforming Health: Fulfilling the Promise of Research. Washington, DC. November 2007. Keynote address. 
www.researchamerica.org/transforming_health_transcript (accessed January 2013). 
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Preclinical Testing

The drug discovery phase whittles 

down thousands of compounds to a few 

hundred promising possibilities that 

are ready for preclinical testing. In this 

stage, scientists conduct laboratory and 

animal studies to determine whether 

a compound is suitable for human 

testing. At the end of this process, which 

can take several years, around five 

compounds move to the next stage of 

testing in humans. The company files an 

Investigational New Drug Application 

with the FDA to begin clinical trials.

Clinical Trials 

During this stage, a compound is 

tested in human volunteers. The 

clinical trials process occurs in 

several phases and takes on average 6 

to 7 years. A potential medicine must 

successfully complete each phase 

before being submitted to the FDA 

for review.

Because this process involves both 

benefits and risks, companies take 

great care to protect the safety of trial 

participants and to ensure that they 

are thoroughly informed about the 

trial and its potential risks so that 

they can provide informed consent 

to participate, as required by federal 

regulations. Companies also ensure 

that the trials are conducted correctly 

and with integrity and that clinical 

trial results are disclosed at the 

appropriate time. 

Clinical Trial Principles

PhRMA members have had a longstanding commitment to sponsoring 

clinical research that fully complies with all legal and regulatory 

requirements as well as international agreements. In addition, 

PhRMA has set out voluntary principles to fortify member companies’ 

commitment to the highest standards for ethics and transparency in 

the conduct of clinical trials. PhRMA’s Principles on Conduct of Clinical 

Trials and Communication of Clinical Trial Results are designed to help 

ensure that clinical research conducted by America’s pharmaceutical 

research and biotechnology companies continues to be carefully 

conducted and that 

meaningful medical research 

results are communicated to 

health care professionals and 

patients.

Learn more about 
PhRMA’s Principles 
on Conduct of 
Clinical Trials.
Scan QR code ►
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The study design and the informed 

consent are reviewed, approved, and 

monitored by an Institutional Review 

Board (IRB). The IRB is made up of 

physicians, researchers, and members of 

the community. Its role is to make sure 

that the study is ethical and the rights 

and welfare of participants are protected. 

This includes ensuring that research risks 

are minimized and are reasonable in 

relation to any potential benefits.12

Following is a general description of 

the three primary phases of clinical 

research:

 � Phase 1 trials test a compound in 

a small group (e.g., 20 to 100) of 

healthy volunteers to determine the 

safety of the compound.

 � Phase 2 trials test the compound in 

a somewhat larger group (e.g., 100 

to 500) of volunteers who have the 

disease or condition the compound 

is designed to treat. Phase 2 trials 

determine effectiveness of the 

compound, examine possible short-

term side effects and risks, and 

identify optimal dose and schedule.

 � Phase 3 trials test the compound 

in a much larger group (e.g., 

1,000 to 5,000) of participants to 

generate statistically significant 

information about safety and 

efficacy and to determine the 

overall benefit-risk ratio.

FDA Review and Approval

If the results of all three clinical trial 

phases indicate that the compound is 

safe and effective, the company submits 

a New Drug Application or Biologics 

License Application to the FDA. This 

application, which includes reams 

of data from all stages of testing, is a 

request for FDA approval to market the 

new medicine. 

Scientists at the FDA carefully review 

all the data from all of the studies on the 

compound and, after weighing the benefits 

and risks of the potential medicine, decide 

whether to grant approval. Occasionally, 

the FDA will ask for additional research 

before granting approval or convene an 

independent expert panel to consider data 

presented by the FDA and the company. 

The panel will then advise the agency on 

whether to approve the application and 

under what conditions.

Manufacturing 

Approved medicines may be used by 

millions of people or a small, specific 

population. Medicines often are in 

the marketplace for many years. As a 

result, manufacturing facilities must be 

carefully planned so that medicines can 

be consistently and efficiently produced. 

Manufacturing facilities must be 

constructed to the highest standards to 

ensure that safety and quality are built 

into each step of the manufacturing 

process.13 Companies must adhere to 

FDA’s Good Manufacturing Practices 

regulations, and they also must 

constantly update, overhaul, or even 

rebuild facilities when new medicines 

are approved, as each new medicine is 

manufactured differently. 
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Drug Lifecycle

The R&D process is part of a larger prescription drug 
lifecycle. The cycle begins with the initial development 
of the medicine and it ends with generic drugs. Generics 
provide low‑cost access to effective medicines for many 
years. But we would not have generics if innovator com‑
panies did not commit the time, resources, and invest‑
ment to research and develop new, innovative medicines. 

After FDA approval, the average effective patent life of 
a brand name medicine is about 12 years.14 Competi‑
tion often begins soon after approval, with generics 
frequently coming to the market even earlier through 
patent challenges, and other competing brand drugs 
commonly coming to market. During the period of 
patent protection, the medicine must earn enough rev‑
enue to fund the drug development pipeline for other  

candidates that may someday become new drugs. Only 
2 of every 10 brand name medicines earn sufficient 
revenues to recoup average R&D costs.15 

After patent protection expires, other companies are 
allowed to sell generic copies of the innovative drug. 
These medicines, which are often adopted rapidly, 
can be offered at low cost because the generic com‑
panies can base their approval on the extensive re‑
search already conducted to develop the brand name 
medicine. Today, we estimate that 84% of all drug 
prescriptions are filled generically,16 yielding a savings 
of $1.1 trillion dollars in the past decade.17 With the 
passage of the Affordable Care Act, an abbreviated 
approval pathway was created for biosimilars, which 
will further increase competition.

Post-Approval Research and 
Monitoring 

Research on a new medicine does 

not end when the discovery and 

development phases are over and 

the product is on the market. On the 

contrary, companies conduct extensive 

post-approval research to monitor safety 

and long-term side effects in patients 

using the medicine. The FDA requires 

that companies monitor a medicine 

for as long as it stays on the market 

and submit periodic reports on safety 

issues. Companies must report any 

adverse events that occur from use of 

the medicine. 

FDA sometimes requires companies to 

conduct phase 4 clinical trials, which 

evaluate long-term safety or effects in 

specific patient subgroups. Companies 

may conduct post-approval studies to 

assess the benefits of a medicine for 

different populations or in other disease 

areas. In some cases, they may also 

develop improved delivery systems or 

dosage forms.

This research phase is critical to 

improving researchers’ and clinicians’ 

understanding of a medicine’s potential 

uses and its full benefits for health and 

quality of life. Continued research can 

show whether a medicine has a greater 

impact on an outcome when it is used 

earlier in a disease, in combination with 

other medicines, in different disease 

indications, or in combination with 

specific biomarkers (see the section 

“The Evolving Value of Medicines” in 

Chapter 1, page 9).

The Evolving R&D  
Process

As science advances and opens new 

doors, the R&D process continually 

changes and adapts. New scientific 

advances are bringing greater promise 

but also increasing complexity. Here are 

just a few examples of the forces that are 

changing the R&D process:

Working on the molecular level: In 

recent years, scientists’ deepening 

understanding of the molecular and 

genetic underpinnings of disease has 

brought unprecedented opportunities 

and dramatically changed many aspects 

of drug development. 
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Researching more complex diseases: 
Increasingly, clinical investigators are 

exploring treatment options for more 

complex diseases such as neurological 

disorders, cancer, and many rare 

diseases. For example, in 2003 there 

were 26 medicines in development 

for Alzheimer’s disease in the United 

States; today there are 94.18,19 New 

scientific opportunities make these 

new avenues of exploration possible, 

but the complexities of these uncharted 

areas also can in some cases mean 

that research projects are less likely to 

succeed. 

Advancing personalized medicine: 
With the emergence of personalized 

medicine — in which the use of a 

medicine is linked to a diagnostic to 

determine if a patient will respond well 

to a medicine — the R&D process has 

become more complex. Drug developers 

must coordinate research on a new 

medicine along with a corresponding 

diagnostic. 

In this increasingly complicated research 

scheme, it is necessary to dig deeper 

into how each patient may respond 

to a therapy and to keep pace with 

expanding regulatory requirements. As 

a result of these changes, the burden of 

executing a clinical trial is growing, with 

more procedures required, more data 

collected, more numerous and complex 

eligibility criteria for study enrollment, 

and longer study duration.20 (See Figure 

13.) In fact, the form used to collect data 

from each patient expanded in length by 

227% between 2000 and 2011, reflecting 

the growing challenges of conducting 

clinical trials.21 

Recruitment of patient volunteers is 

also an ongoing and growing challenge 

for researchers. Difficulty recruiting 

volunteers extends the original timeline 

of phase 2 to 4 trials by nearly double on 

average across all therapeutic areas.22

The increased complexity of the 

research environment has contributed 

to the rising costs of clinical research.23 

Treatment failures and setbacks also 

contribute to the cost of research. 

According to the Tufts Center for the 

Study of Drug Development, the cost of 

developing a drug (including the cost 

of failures) grew from $800 million in 

SOURCE: K.A. Getz, R.A. Campo, and K.I. Kaitin. “Variability in Protocol Design Complexity by Phase and Therapeutic Area.” Drug Information Journal 
2011; 45(4): 413–420. Updated data provided through correspondence with Tufts Center for the Study of Drug Development.2 • Research and Development 

During the last decade, clinical trial designs and procedures have become much more complex, demanding more 
staff time and effort, and discouraging patient enrollment and retention. 

 

Trends in Clinical Trial Protocol Complexity 

21 

*These numbers reflect only the “treatment duration” of the protocol. 

2000–2003 2008–2011 Percentage 
Change 

Total Procedures per Trial Protocol (median)  
(e.g., bloodwork, routine exams, x-rays, etc.) 105.9 166.6 57% 

Total Investigative Site Work Burden  
(median units) 28.9 47.5 64% 

Total Eligibility Criteria 31 46 58% 

Clinical Trial Treatment Period  
(median days)* 140 175 25% 

Number of Case Report Form Pages per 
Protocol (median) 55 171 227% 

SOURCE: K.A. Getz, R.A. Campo, and K.I. Kaitin. “Variability in Protocol Design Complexity by Phase and Therapeutic Area.” Drug Information Journal 
2011; 45(4): 413–420; updated data provided through correspondence with Tufts Center for the Study of Drug Development. 

Figure 13: Increasing Complexity of Clinical Trials 
Figure 13: Increasing Complexity of Clinical Trials
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the late 1990s to about $1.2 billion in 

the early 2000s.24 (See Figure 14.) Other 

more recent studies have put the total 

cost even higher.25

Adapting to Changes and 
Challenges 

The biopharmaceutical industry 

is continually adapting to produce 

innovative treatments more efficiently. 

Researchers are exploring ways to reduce 

development times and increase the odds 

of success using new research tools, new 

approaches to patient recruitment, and 

sophisticated methods of analyzing data.

Companies are working to develop 

innovative partnerships and collaborative 

relationships with researchers in 

academia, government, and in other 

companies. Precompetitive partnerships, 

which seek to advance basic research, are 

a growing part of this approach.26 

Improving the clinical trials process is 

another area of active exploration. For 

example, phase 0 or “microdosing” trials 

allow researchers to test a very small dose 

in fewer human volunteers to eliminate 

more quickly drug candidates that may be 

metabolically or biologically ineffective. 

No one change will transform the R&D 

process on its own, but with many 

diverse efforts biopharmaceutical 

companies will continue to improve the 

process of innovation. 

Companies are developing 
“new approaches to designing 
and conducting global clinical 
trials, including simplifying 
protocols, maximizing inves-
tigative site performance, 
and reducing the number of 
protocol amendments.”27

► tuFts center For the study oF drug 
development, 2011

2 • Research and Development 

It costs an average of $1.2 billion to develop one new drug, with more recent studies estimating the costs to be  
even higher. 
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The Average Cost to Develop One New Approved Drug — Including the Cost of Failures 

Figure 14: Drug Development Costs Have Increased 

SOURCES: J.A. DiMasi, R.W. Hansen, and H.G. Grabowski. “The Price of Innovation: New Estimates of Drug Development Costs.” Journal of 
Health Economics 2003; 22(2): 151–185; J.A. DiMasi and H.G. Grabowski. “The Cost of Biopharmaceutical R&D: Is Biotech Different?” 
Managerial and Decision Economics 2007; 28(4–5): 469–479; These estimates range from $1.5 billion to more than $1.8 billion. See for example 
J. Mestre-Ferrandiz, J. Sussex, and A. Towse. “The R&D Cost of a New Medicine.” London, UK: Office of Health Economics, 2012; S.M. Paul, et al. 
“How to Improve R&D Productivity: The Pharmaceutical Industry’s Grand Challenge.” Nature Reviews Drug Discovery 2010; 9: 203–214. 
 
NOTE: Data is adjusted to 2000 dollars based on correspondence with J.A. DiMasi. 

SOURCES: J.A. DiMasi, R.W. Hansen, and H.G. Grabowski. “The Price of Innovation: New Estimates of Drug Development Costs.” Journal of Health 
Economics 2003; 22(2): 151–185; J.A. DiMasi and H.G. Grabowski. “The Cost of Biopharmaceutical R&D: Is Biotech Different?” Managerial and Decision 
Economics 2007; 28(4–5): 469–479; More recent estimates range from $1.5 billion to more than $1.8 billion. See for example J. Mestre-Ferrandiz, 
J. Sussex, and A. Towse. “The R&D Cost of a New Medicine.” London, UK: Office of Health Economics, 2012; S.M. Paul, et al. “How to Improve R&D 
Productivity: The Pharmaceutical Industry’s Grand Challenge.” Nature Reviews Drug Discovery 2010; 9: 203–214.
NOTE: Data is adjusted to 2000 dollars based on correspondence with J.A. DiMasi.

Figure 14: Average Cost to Develop One New Medicine
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Learning from Setbacks in Alzheimer’s Disease Research

Not only do successes build over time, but so do 
lessons learned from seemingly failed projects and 
research. Alzheimer’s disease is commonly considered 
one of the most devastating conditions anyone can 
face and is the sixth leading cause of death in the 
United States.28 The disease progressively robs people 
of their memory, their personality, and their health.29 
What’s more, the Alzheimer’s Association projects that 
the disease will cost the U.S. health care system $1.1 
trillion annually by 2050.30

Today’s medicines can address symptoms of Alzheim‑
er’s, but medicines that prevent or slow the disease are 
needed. Although researchers continue to discover and 

learn more, the underlying causes and mechanisms of 
this disease remain elusive, and the complex nature of 
the disease presents huge challenges to scientists. 

Since 1998, biopharmaceutical companies have made 
101 unsuccessful attempts to develop medicines to 
treat Alzheimer’s while, in the same period, only three 
medicines have been approved. That means that 
for every success, companies have experienced 34 
so‑called “failures.”31 (See Figure 15.) Although these 
setbacks may be disheartening, they are certainly not 
failures because they contribute valuable knowledge 
about Alzheimer’s that can be used as building blocks 
to point researchers in more fruitful directions. 

SOURCE: Pharmaceutical Research and Manufacturers of America. “Researching Alzheimer’s Medicines: Setbacks and Stepping Stones.” Washington, 
DC: PhRMA, September 2012. Available at http://phrma.org/sites/default/files/1864/alzheimersetbacksreportfinal912.pdf (accessed February 2013).

Figure 15: Unsuccessful Alzheimer’s Drugs in Development, 1998–2011 
Total unsuccessful drugs=101 

2 

7 

9 

10 

5 

2 

3 

1 

10 

6 

13 

14 

11 

8 

0

2

4

6

8

10

12

14

16

N
um

be
r o

f A
lzh

ei
m

er
's 

Dr
ug

s N
o 

Lo
ng

er
 u

nd
er

 
De

ve
lo

pm
en

t 

SOURCE: Pharmaceutical Research and Manufacturers of America. "Researching Alzheimer's Medicines: Setbacks and Stepping Stones." Washington, DC: PhRMA, 
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Figure 15: Unsuccessful Alzheimer’s Drugs in Development, 1998 – 2011
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Recognizing Researchers and  
Patient Advocates for Alzheimer’s Disease

In September 2012, PhRMA bestowed the first annual Research 
and Hope Award, honoring individuals and organizations in 
academia, the biopharmaceutical research sector, as well as 
the patient and caregiving communities that have contributed 
significantly to the advancement of medical progress and patient 
care for Alzheimer’s. Information about the award recipients is 
available at www.phrma.org/awards.

Biopharmaceutical researchers are responding to this complex scien‑
tific challenge and are committed to finding treatments for Alzheimer’s 
disease. There are nearly 100 new medicines in development in the 
United States.33 As researchers examine the science and clinical data 
behind both the successes and the stumbling blocks, there is hope for 
a future in which this devastating disease can be managed successfully 
or even cured or prevented altogether. 

Incremental advances can add 
up to transformative changes.32

► dr. siddhartha mukherJee, the emperor oF 
all maladies, 2010

Understanding the  
Nature of Progress  
and Innovation

Occasionally one breakthrough will 

transform treatment of a disease, but most 

often discoveries and approvals build 

on each other over time in a cumulative 

process resulting in significant clinical 

advances. To progress from no treatments 

to effective treatments, the R&D process 

must be repeated over many years for 

many drugs, which build upon one 

another incrementally.

Research on individual medicines 

also accumulates over time. Although 

initial market approval by the FDA is a 

critical first step in ensuring a medicine 

is reaching patients, the approval often 

lays the foundation for additional 

learning and research that will shape the 

way a product is used in years to come. 

(See the section on the evolving value of 

medicines in Chapter 1, page 9.) 

Recognizing the step-wise nature of 

innovation is essential to ensuring that 

progress continues.
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Key Legislation in 2012 Fosters Innovation

In 1992, the Prescription Drug User Fee Act (PDUFA) 
authorized the FDA to collect user fees from the 
biopharmaceutical industry to hire additional drug 
reviewers and safety specialists. These funds supple‑
ment Congressional appropriations. In its first 20 years, 
PDUFA has helped to bring more than 1,500 new medi‑
cines to market. It also has increased FDA’s staffing 
and resources and preserved and strengthened FDA’s 
high safety standards, resulting in a drop in approval 
times for new medicines from 29 months in the early 
1990s to an estimated 10 months in 2010.34,35

In 2012, the fifth authorization of PDUFA (called 
PDUFA‑V) was enacted as part of the Food and Drug 
Administration Safety and Innovation Act. In addition 
to enabling more timely patient access to safe and 
effective new medicines, PDUFA‑V promotes future re‑
search and prepares the FDA for a 21st century regula‑
tory framework. It also supports the development of a 
framework to facilitate evaluations of the benefits and 
risks of new medicines (including orphan drugs) and 
integrates patient perspectives into the review process. 

Congress also acted last year to make two provisions 
affecting pediatric research permanent. These 

provisions, the Best Pharmaceuticals for Children Act 
(BPCA) and the Pediatric Research Equity Act (PREA), 
work together to encourage pediatric research. The 
combination of BPCA and PREA, often referred to 
as the “carrot” and “stick” approach, has resulted in 
a wealth of useful information about administering 
drugs to children, including information on dosing, 
safety, and efficacy. Together, BPCA and PREA have 
driven research and greatly advanced American 
children’s medical care. Making these two provisions 
permanent will help create a more predictable and 
efficient pediatric drug development process, resulting 
in continued progress to develop new medicines for 
children. BPCA and PREA already have resulted in 
significant accomplishments:

   As of December 2012, 193 drugs have received 
pediatric exclusivity under BPCA.36,37

   Following the reauthorization of BPCA and PREA in 
2007 and through June 2012, 405 pediatric studies 
were completed, involving 174,273 patients.38

   Since 1998, BPCA and PREA have resulted in 463 
labeling changes reflecting important pediatric 
information.39
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O
ur growing understanding 

of human disease gives us 

the most promising platform 

ever to find medicines that treat disease 

in new ways. Today, more than 5,000 

medicines are in development globally, 

all of which have the potential to help 

patients in the United States and around 

the world.1 (See Figure 16.) According 

to another data source, there are 3,400 

medicines in development today just in 

the United States, an increase of 40% 

since 2005.2,3 The quantity and quality 

of new drugs in the pipeline reflect a 

robust research ecosystem. Both basic 

research and the biopharmaceutical 

pipeline are thriving. As a result, the 

potential for new treatments and cures 

for patients is unprecedented. 

Biopharmaceutical researchers are 

working tirelessly to develop medicines 

that attack diseases in novel ways. They 

are exploring new scientific approaches 

while expanding their knowledge and 

understanding of human diseases. The 

increase in the number and variety of 

scientific tools over the last 20 years 

has enabled researchers to better 

understand the molecular and genetic 

bases of disease and to develop targeted 

treatments that work more precisely 

and effectively. Researchers are steadily 

applying this knowledge to a range of 

different diseases and conditions, and 

the result is unprecedented potential for 

improvements in human health around 

the world. 

Examining the Pipeline

According to a recent report by Analysis 

Group, which uses various data sources 

to examine innovation in the pipeline 

from several different angles, 70% of the 

more than 5,000 new molecular entities 

(NMEs) being investigated are potential 

first-in-class medicines, meaning that 

they are in a unique pharmacologic 

class distinct from any other marketed 

drugs.4 Such medicines offer new 

potential treatment options for patients, 

particularly for those who have not 

responded to existing therapies or for 

whom no existing treatment options are 

available. These medicines may improve 

the outlook for patients by providing 

greater efficacy or fewer side effects. 

Subsequent medicines in the class may 

provide patients with different side 

effect or efficacy profiles. 

A Promising Pipeline
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These data “hint at an exciting new Spring of medical  
innovation for patients. The last thing we want to do — or can 
afford to do — is stop it cold.”5

► John c. lechleiter, ph.d., chairman, president, 
chieF executive oFFicer,  eli lilly and company

Figure 16: Medicines in Development by Regulatory Phase

SOURCE: Analysis Group. “Innovation in the Biopharmaceutical Pipeline: A Multidimensional View.” Boston, MA: Analysis Group, January 

2013. Available at www.analysisgroup.com/uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf 

(accessed February 2013).

2 • Research and Development 

In 2011, 5,408 medicines* were in clinical development worldwide. 

*Defined as single products which are counted exactly once regardless of the number of indications pursued.  

14 

Phase I 
2,164 

Phase II 
2,329 

Phase III 
833 Regulatory 

Review in  
the United 
States, 82 

Because many of the 5,408 
medicines in development are 
in trials for more than one 
indication, the total number of 
projects in development is 
close to 8,000. 

Figure 16: Medicines in Development by Regulatory Phase 
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The proportion of projects in development 

that could become first-in-class varies by 

therapeutic area but is particularly high 

in areas such as neurology (84%), cancer 

(80%), and psychiatry (79%).6 (See Figure 

17.) The high number of potential first-

in-class drugs being researched in these 

areas likely reflects researchers’ growing 

knowledge of the underpinnings of these 

disease areas and new opportunities  

for advances. 

According to Analysis Group, biopharma-

ceutical companies are making significant 

progress in a number of key areas:7  

 � Rare diseases. There are nearly 7,000 

rare diseases8 — many of which are 

serious or life-threatening and have 

few treatment options. In 2011,  

1,795 projects in development 

focused on rare diseases, which  

each affect fewer than 200,000 

persons in the United States. The 

U.S. Food and Drug Administration 

(FDA) designations of orphan 

drugs in development have been 

increasing. In the past 10 years, an 

average of 140 drugs were designated 

as orphan drugs each year compared 

with 64 in the previous 10 years.9 

 � Diseases that do not yet have 
approved treatments. Scientists are 

increasingly developing medicines 

for diseases for which no therapies 

have been approved in the last 

10 years and that have significant 

gaps in treatment options. For 

example, there are 61 medicines in 

development for amyotrophic lateral 

sclerosis or Lou Gehrig’s disease, 

41 for small cell lung cancer, 19 

for sickle cell disease, and 158 for 

ovarian cancer.10 

 � Medicines that are among the first 
to apply new scientific strategies 
to address disease. New discoveries 

in basic science are leading to new 

therapeutic approaches that were 

never before possible. Among the 

potential new approaches under 

investigation today are:

Figure 17: Percentage of Potential First-In-Class Medicines  
in Selected Therapeutic Areas, 2011

2 • Research and Development 

70% of drugs across the pipeline are potential first-in-class medicines. 

16 

SOURCE: G. Long and J. Works. "Innovation in the Biopharmaceutical Pipeline: A Multidimensional View." Boston, MA; Analysis Group, January 2013. 
www.analysisgroup.com/uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf (accessed January 2013). 
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Figure 17: Percentage of Potential First-In-Class Medicines 
in Selected Therapeutic Areas, 2011  

SOURCE:  Analysis Group.  “Innovation in the Biopharmaceutical Pipeline: A Multidimensional View.” Boston, MA: Analysis Group, January 2013. 
www.analysisgroup.com/uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf (accessed January 2013).
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If you’re a patient with a 
terrible disease, a serious 
cancer or something like 
that, I think you ought to 
take heart from what
we are seeing.14

► Janet Woodcock, m.d., 
director oF the u.s. Food and drug 
administration’s center For drug 
evaluation and research

• RNAi therapy. While most drugs 

target proteins such as enzymes 

and cellular receptors, this new 

approach opens up opportunities 

to target RNA, which carries 

genetic information to create 

proteins in the cell. Antisense 

RNA interference (RNAi) 

therapy can help to silence 

harmful gene expression. In 

the past 20 years, this work has 

advanced from the laboratory 

bench to the bedside, and two 

RNAi therapies already have 

been approved. More than 127 

RNAi projects are in  

the pipeline.11 

• Therapeutic cancer vaccines. 
Unlike traditional vaccines, these 

new vaccines harness the power 

of the immune system to fight 

cancer rather than to prevent it. 

This idea first emerged in the late 

1990s, and the first therapeutic 

cancer vaccine was approved in 

2010. More than 20 therapeutic 

vaccines for cancer are in 

development.12,13

Figure 18: Number of Projects with Orphan Drug Designation  
by Year 1983–2011

Figure 18: Number of Projects with Orphan Drug Designations by Year 1983–2011 
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SOURCE: Analysis Group. “Innovation in the Biopharmaceutical Pipeline: A Multidimensional View.” Boston, MA: Analysis Group, January 2013. Available 
at www.analysisgroup.com/uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf (accessed February 2013). 

Not in Chart Pack 2013 

SOURCE: Analysis Group. “Innovation in the Biopharmaceutical Pipeline: A Multidimensional View.” Boston, MA: Analysis Group, January 2013. 
Available at www.analysisgroup.com/uploadedFiles/Publishing/Articles/2012_Innovation_in_the_Biopharmaceutical_Pipeline.pdf (accessed 
February 2013).
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Our progress in understanding the specific pathways of disease 
has identified hundreds of new targets for potentially life-saving 
drugs that hold the potential to treat individual patients much 
more effectively. The result of this understanding is an emerging 
paradigm shift for the development of new medicines.15

► mark mcclellan, m.d., ph.d., engelberg center For health care reForm, brookings 
institution, and ellen sigal, ph.d., Friends oF cancer research, 2012
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New Horizons in Personalized Medicine

Personalized medicine presents a new set of tools to help 
diagnose and treat patients based on our growing understand‑
ing of the genetic and molecular basis of disease. This approach 
is becoming more widespread, particularly in the treatment of 
cancer, and it holds potential to prevent disease, find the correct 
treatment more quickly, prevent side effects, improve patients’ 
quality of life, and treat disease more effectively. As the overall 
cost of health care continues to rise, personalized medicine 
could help to control costs by reducing unnecessary treatments 
and side effects.16 

The role of personalized medicine is growing. According to the 
Personalized Medicine Coalition, there were 13 prominent 
examples of personalized medicines, treatments, and diagnos‑
tics available in 2006; by 2011, there were 72.17 Likewise, a 
2010 survey by the Tufts Center for the Study of Drug Develop‑
ment found that companies saw a roughly 75% increase in 
personalized medicine investment between 2005 and 2010 
and expected to see an additional 53% increase from 2010 to 
2015.18 Of the companies surveyed, 94% of biopharmaceutical 
companies are investing in personalized medicine research, and 
12% to 50% of the products in their pipelines are personalized 
medicines.19

The industry as a whole is committed 
to pushing strongly ahead … Early 
indications show that development 
of personalized medicines is 
commanding more resources and 
fomenting more corresponding 
organization change than is generally 
appreciated outside the industry.20

► tuFts center For the study oF drug development, 
2010 
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Spotlight on Medicines in the Pipeline

Treating a Dangerous Mutation in Infants
Hypophosphatasia is a rare inherited bone disease that is caused by a genetic mutation. The 
mutation results in low levels of an enzyme called alkaline phosphatase. This deficiency hinders 
the formation of bones and teeth and can result in substantial skeletal abnormalities. No medi‑
cine has been approved for this disease. A potential therapy in development would provide the 
enzyme necessary for proper bone growth in those with this devastating, rare disease.21 

Addressing Difficult-to-Treat Symptoms of Schizophrenia
Schizophrenia is a severe and complex mental illness that impairs the patient mentally and 
emotionally. Although some medicines target symptoms like hallucinations and delusions, they 
are generally not able to improve other symptoms such as lack of motivation and interest in 
social activities. A new medicine in development could be the first in a new class that has the 
potential to target these difficult‑to‑treat symptoms by improving transmission of a chemical 
needed in the brain for proper communication between neurons.22
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D
espite an extremely  

promising scientific landscape 

and ongoing positive impact 

of the biopharmaceutical sector on 

patients, the health care system, and 

the economy, the biopharmaceutical 

industry faces growing challenges.

Higher Hurdles 
Changing Science

The drug development process is 

becoming more costly and complex. 

In part, this is due to today’s need 

for medicines to treat increasingly 

challenging and costly chronic diseases, 

such as arthritis, cancer, diabetes, 

and neurodegenerative disorders. 

Scientific opportunities are leading 

researchers to focus on increasingly 

complex diseases and new approaches 

such as personalized medicine. This 

sophisticated science requires equally 

sophisticated tools, technologies, and 

expertise.

Regulatory Environment

Today’s regulatory environment requires 

complex and extensive research to 

establish the safety and effectiveness of 

new medicines and an ever-growing 

amount of information on each new 

medicine. This typically means that 

companies must sponsor clinical trials 

with large numbers of participants. 

Patient recruitment and retention in 

clinical trials are continuing challenges. 

International Competition

Many countries are now focusing on 

building an innovative biomedical 

sector because they recognize its 

benefits for their economies and their 

patients — posing a challenge to U.S. 

leadership in biomedical research. They 

are forming industry clusters, often in 

partnership with regional governments. 

They are also helping to grow their 

knowledge-based economies through 

strategies such as building research and 

development (R&D) infrastructure; 

emphasizing science, technology, 

engineering, and math (STEM) 

education; ensuring access to financial 

capital; and building and retaining a 

skilled workforce.1 For example:

 � Singapore invested significantly in 

R&D infrastructure, most famously 

by creating the Biopolis Research 

Park. More than 30 companies 

have located to Biopolis, including 

many well-known multinational 

companies.2

 � China has increased R&D 

investment by 10% each year 

over the last decade for a total 

investment of $154 billion — 

second only to the United States. 

China also has established 

programs and incentives to attract 

talented scientists and foreign 

investment.3

Meeting Challenges

America’s biopharmaceutical companies 

are adapting and seeking creative 

solutions to meet these growing 

economic, scientific, business, 

regulatory, and policy challenges. 

For example, companies are working 

to make the clinical trials process as 

efficient as possible and are focusing 

on diseases with the greatest unmet 

needs. They are developing partnerships 

and unique collaborations to expand 

the capacity to address complex 

disease targets. Companies are also 

working with the U.S. Food and Drug 

Administration, the National Institutes 

of Health, and related research agencies 
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to advance regulatory science and to 

foster the integration of emerging data 

and innovation into the development 

and review of new medicines. 

These responses, combined with 

positive, forward-looking public 

policies that sustain a market-based 

system and incentives for innovators, 

such as strong intellectual property 

protections, will help ensure America’s 

continued role as the worldwide leader 

in biopharmaceutical research. 

To foster innovation and the medical 

advances and economic impact that go 

with it, we must:

 � Continue to advance regulatory 

science and foster the integration 

of emerging scientific data and 

innovative approaches into the 

development and review of 

new medicines more efficiently, 

promoting public health in 

areas such as biomarkers, 

pharmacogenomics, and rare and 

orphan drug development. 

 � Advance medical innovation 

policies as a solution to health-

system problems. For example, 

to help realize the potential of 

medical innovation as a solution for 

improving patient outcomes and 

controlling rising health care costs, 

it is important to recognize across 

all policy areas that the full value 

of medical advances emerges over 

time, and to support the ability of 

physicians and patients to choose 

from the full range of medically 

appropriate treatment options. 

 � Support coverage and payment 

policies that foster the introduction 

and availability of new medical 

advances to America’s patients.

 � Support the development of STEM 

workers to increase the nation’s 

ability to develop and manufacture 

tomorrow’s new treatments and to 

compete globally.

 � Support strong intellectual property 

rights and enforcement in the 

United States and abroad.

 � Sustain U.S. global leadership in 

the biosciences through economic, 

trade, and related policies to 

promote a level playing field 

globally.

1 Battelle Technology Partnership Practice. 

“The Biopharmaceutical Research and 

Development Enterprise: Growth Platforms 

for Economies Around the World.” 

Washington, DC: Battelle Technology 

Partnership Practice, May 2012. 

2Ibid.

3Ibid.
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T
he challenges facing the 

biopharmaceutical industry are 

many and substantial — complex 

scientific issues, an evolving regulatory 

environment, and stiff competition at 

home and abroad. But the scientific 

opportunities and the promise of 

medicines in the pipeline are remarkable. 

And the positive impact of the industry is 

far reaching.

The biopharmaceutical sector is meeting 

the challenges before it with innovative 

scientific work, creative approaches to 

building and sustaining the industry, and 

an unending commitment to saving lives 

and improving the health and quality of  

life of patients. 

This commitment is reflected in the many 

advances that we have already seen across 

a wide spectrum of diseases that affect 

millions. And it brings many benefits such 

as good jobs and economic investment 

to communities and states across the 

nation. The future holds great promise 

for continued advancements, and with 

sustained support for innovation, the U.S. 

biopharmaceutical sector will continue to 

lead the world.

Committed to Progress
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PhRMA: Who We Are

The Pharmaceutical Research and Manufacturers of America (PhRMA) represents the country’s 

leading biopharmaceutical companies, which are committed to discovering and developing medicines 

that save and improve lives. The work of the biopharmaceutical research sector brings hope to millions 

of patients, allowing them to live longer, healthier lives, while helping to manage health care costs.  

PhRMA member companies have invested more than $500 billion in research and development into 

medical innovations since 2000, and an estimated $48.5 billion in 2012 alone. This investment also 

helps drive the industry’s significant contributions to the U.S. economy, including the generation of 

hundreds of thousands of American jobs and vital support for local communities.

Our Mission

PhRMA’s mission is to conduct effective advocacy for public policies that encourage discovery of 

important new medicines for patients by pharmaceutical and biotechnology research companies. To 

accomplish this mission, PhRMA is dedicated to achieving these goals in Washington, D.C., the states, 

and the world:

 � Broad patient access to safe and effective medicines through a free market, without price controls

 � Strong intellectual property incentives

 � Transparent, efficient regulation and a free flow of information to patients 

To learn more about PhRMA, go to www.PhRMA.org/about.

f u l l  c o l o r

b l a c k

w h i t e

Case3:14-cv-04741   Document1-5   Filed10/24/14   Page65 of 79

www.PhRMA.org/about


Appendix

A
P

P
E

N
D

IX

57

PhRMA Member Companies
Full Members & Research Associate Members

Members & Subsidiaries

AbbVie, Inc. 
North Chicago, IL

Alkermes plc
Waltham, MA 

Amgen Inc.
Thousand Oaks, CA

Astellas Pharma US, Inc.
Northbrook, IL

AstraZeneca Pharmaceuticals LP
Wilmington, DE

Bausch + Lomb
Rochester, NY

Bayer 
Wayne, NJ

Biogen Idec Inc.
Weston, MA 

Boehringer Ingelheim 
Pharmaceuticals, Inc.
Ridgefield, CT

Bristol-Myers Squibb Company
New York, NY

Celgene Corporation
Summit, NJ

Cubist Pharmaceuticals, Inc.
Lexington, MA  

Daiichi Sankyo, Inc.  
Parsippany, NJ

Dendreon Corporation
Seattle, WA 

Eisai Inc.
Woodcliff Lake, NJ

EMD Serono
Rockland, MA

Endo Pharmaceuticals, Inc.
Chadds Ford, PA

GlaxoSmithKline
Research Triangle Park, NC

Johnson & Johnson
New Brunswick, NJ

Eli Lilly and Company
Indianapolis, IN

Lundbeck Inc.
Deerfield, IL

Merck & Co., Inc.
Whitehouse Station, NJ

Merck Human Health Division
Merck Research Laboratories
Merck Vaccine Division
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Novartis Pharmaceuticals 
Corporation
East Hanover, NJ

Novo Nordisk Inc.
Princeton, NJ 

Otsuka America Pharmaceutical 
Princeton, NJ

Otsuka America Pharmaceutical,
Inc. (OAPI)

Otsuka Pharmaceutical
Development &
Commercialization, Inc. 
(OPDC)

Otsuka Maryland Medicinal
Laboratories, Inc. (OMML)

Pfizer Inc.
New York, NY

Purdue Pharma L.P.
Stamford, CT

Sanofi U.S.
Bridgewater, NJ

Sanofi Pasteur

Sunovion Pharmaceuticals Inc. 
Marlborough, MA

Sigma-Tau Pharmaceuticals, Inc.
Gaithersburg, MD

Takeda Pharmaceuticals U.S.A., 
Inc.
Deerfield, IL

Research Associate Members 

Arena Pharmaceuticals, Inc.
San Diego, CA 

Auxilium Pharmaceuticals, Inc.
Chesterbrook, PA  

BioMarin Pharmaceutical Inc.
Novato, CA 

CSL Behring, LLC
King of Prussia, PA 

Ferring Pharmaceuticals, Inc. 
Parsippany, NJ 

Grifols USA, LLC 
Los Angeles, CA 

Horizon Pharma, Inc.
Deerfield, IL 

Ikaria, Inc.
Hampton, NJ 

Ipsen Pharmaceuticals Inc.
Basking Ridge, NJ 
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Onyx Pharmaceuticals
South San Francisco, CA 

Orexigen Therapeutics, Inc.
La Jolla, CA 

Shionogi Inc.
Florham Park, NJ 

Sucampo Pharmaceuticals, Inc.
Bethesda, MD 

Theravance, Inc. 
South San Francisco, CA 

Vifor Pharma
Basking Ridge, NJ 

VIVUS Inc.
Mountain View, CA 

XOMA Corporation 
Berkeley, CA
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PhRMA Annual Membership Survey
Definition of Terms

Research and Development 
Expenditure Definitions
R&D Expenditures: Expenditures within 

PhRMA member companies’ U.S. and/

or foreign research laboratories plus 

research and development (R&D) funds 

contracted or granted to commercial 

laboratories, private practitioners, 

consultants, educational and nonprofit 

research institutions, manufacturing 

and other companies, or other research-

performing organizations located inside/

outside of the U.S. Includes basic and 

applied research, as well as developmental 

activities carried on or supported in the 

pharmaceutical, biological, chemical, 

medical, and related sciences, including 

psychology and psychiatry, if the purpose 

of such activities is concerned ultimately 

with the utilization of scientific principles 

in understanding diseases or in improving 

health. Includes the total cost incurred 

for all pharmaceutical R&D activities, 

including salaries, materials, supplies 

used, and a fair share of overhead, as well 

as the cost of developing quality control. 

However, it does not include the cost of 

routine quality control activities, capital 

expenditures, or any costs incurred for 

drug or medical R&D conducted under a 

grant or contract for other companies or 

organizations.

Domestic R&D: Expenditures within 

the United States by all PhRMA member 

companies.

R&D Abroad: Expenditures outside the 

United States by U.S.-owned PhRMA 

member companies and R&D conducted 

abroad by the U.S. divisions of foreign-

owned PhRMA member companies. R&D 

performed abroad by the foreign divisions 

of foreign-owned PhRMA member 

companies is excluded.

Prehuman/Preclinical Testing: From 

synthesis to first testing in humans.

Phase 1/2/3 Clinical Testing: From first 

testing in designated phase to first testing 

in subsequent phase.

Approval Phase: From New Drug  

Application (NDA)/Biologic License 

Application (BLA) submission to NDA/

BLA decision.

Phase 4 Clinical Testing: Any post-

marketing R&D activities performed.

Uncategorized: Represents data for which 

detailed classifications were unavailable.
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Sales Definitions 
Sales: Product sales calculated as 

billed, free on board (FOB) plant or 

warehouse less cash discounts, Medicaid 

rebates, returns, and allowances. These 

include all marketing expenses except 

transportation costs. Also included is 

the sales value of products bought and 

resold without further processing or 

repackaging, as well as the dollar value 

of products made from the firm’s own 

materials for other manufacturers’ 

resale. Excluded are all royalty 

payments, interest, and other income.

Domestic Sales: Sales generated  

within the United States by all PhRMA 

member companies. 

 � Private Sector: Sales through regular 

marketing channels for end use 

other than by government agency 

administration or distribution.

 � Public Sector: Sales or shipments 

made directly to federal, state, 

or local government agencies, 

hospitals, and clinics.

Sales Abroad: Sales generated outside 

the United States by U.S.-owned PhRMA 

member companies, and sales generated 

abroad by the U.S. divisions of foreign-

owned PhRMA member companies. 

Sales generated abroad by the foreign 

divisions of foreign-owned PhRMA 

member companies are excluded.
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R&D, PhRMA Member Companies
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(dollar figures in millions)

*R&D Abroad includes expenditures outside the United States by U.S.-owned PhRMA member companies and R&D conducted abroad by the 
U.S. divisions of foreign-owned PhRMA member companies. R&D performed abroad by the foreign divisions of foreign-owned PhRMA member 
companies are excluded. Domestic R&D, however, includes R&D expenditures within the United States by all PhRMA member companies.

**Estimated.

***R&D Abroad affected by merger and acquisition activity.

Note: All figures include company-financed R&D only. Total values may be affected by rounding. 

SOURCE: Pharmaceutical Research and Manufacturers of America, PhRMA Annual Membership Survey, 2013.

 
 

Year

 
Domestic 

R&D

Annual 
Percentage 

Change

 
R&D  

Abroad*

Annual 
Percentage 

Change

 
Total  
R&D

Annual 
Percentage 

Change

2012** $36,810.4 1.2% $11,674.7 -4.9% $48,485.1 -0.3%
2011 36,373.6 -10.6 12,271.4 22.4 48,645.0 -4.1
2010 40,688.1 15.1 10,021.7 -9.6 50,709.8 9.2
2009 35,356.0 -0.6 11,085.6 -6.1 46,441.6 -2.0
2008 35,571.1 -2.8 11,812.0 4.6 47,383.1 -1.1
2007 36,608.4 7.8 11,294.8 25.4 47,903.1 11.5
2006 33,967.9 9.7 9,005.6 1.3 42,973.5 7.8
2005 30,969.0 4.8 8,888.9 19.1 39,857.9 7.7
2004 29,555.5 9.2 7,462.6 1.0 37,018.1 7.4
2003 27,064.9 5.5 7,388.4 37.9 34,453.3 11.1
2002 25,655.1 9.2 5,357.2 -13.9 31,012.2 4.2
2001 23,502.0 10.0 6,220.6 33.3 29,772.7 14.4
2000 21,363.7 15.7 4,667.1 10.6 26,030.8 14.7
1999 18,471.1 7.4 4,219.6 9.9 22,690.7 8.2
1998 17,127.9 11.0 3,839.0 9.9 20,966.9 10.8
1997 15,466.0 13.9 3,492.1 6.5 18,958.1 12.4
1996 13,627.1 14.8 3,278.5 -1.6 16,905.6 11.2
1995 11,874.0 7.0 3,333.5 *** 15,207.4 ***
1994 11,101.6 6.0 2,347.8 3.8 13,449.4 5.6
1993 10,477.1 12.5 2,262.9 5.0 12,740.0 11.1
1992 9,312.1 17.4 2,155.8 21.3 11,467.9 18.2
1991 7,928.6 16.5 1,776.8 9.9 9,705.4 15.3
1990 6,802.9 13.0 1,617.4 23.6 8,420.3 14.9
1989 6,021.4 15.0 1,308.6 0.4 7,330.0 12.1
1988 5,233.9 16.2 1,303.6 30.6 6,537.5 18.8
1987 4,504.1 16.2 998.1 15.4 5,502.2 16.1
1986 3,875.0 14.7 865.1 23.8 4,740.1 16.2
1985 3,378.7 13.3 698.9 17.2 4,077.6 13.9
1984 2,982.4 11.6 596.4 9.2 3,578.8 11.2
1983 2,671.3 17.7 546.3 8.2 3,217.6 16.0
1982 2,268.7 21.3 505.0 7.7 2,773.7 18.6
1981 1,870.4 20.7 469.1 9.7 2,339.5 18.4
1980 1,549.2 16.7 427.5 42.8 1,976.7 21.5
1979 1,327.4 13.8 299.4 25.9 1,626.8 15.9
1978 1,166.1 9.7 237.9 11.6 1,404.0 10.0
1977 1,063.0 8.1 213.1 18.2 1,276.1 9.7
1976 983.4 8.8 180.3 14.1 1,163.7 9.6
1975 903.5 13.9 158.0 7.0 1,061.5 12.8

Average 10.8% 12.2% 11.1%

TABLE 1:   Domestic R&D and R&D Abroad,* PhRMA Member Companies: 1975–2012
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*Estimated.

**Revised in 2007 to reflect updated data.

SOURCE: Pharmaceutical Research and Manufacturers of America, PhRMA Annual 
Membership Survey, 2013.

 
 

Year

Domestic R&D
as a Percentage  

of Domestic Sales

Total R&D
as a Percentage  

of Total Sales

2012* 20.7% 16.4%
2011 19.4 15.9
2010 22.0 17.4
2009 19.5 16.8
2008 19.4 16.6
2007 19.8 17.5
2006 19.4 17.1
2005 18.6 16.9
2004 18.4 16.1**
2003 18.3 16.5**
2002 18.4 16.1
2001 18.0 16.7
2000 18.4 16.2
1999 18.2 15.5
1998 21.1 16.8
1997 21.6 17.1
1996 21.0 16.6
1995 20.8 16.7
1994 21.9 17.3
1993 21.6 17.0
1992 19.4 15.5
1991 17.9 14.6
1990 17.7 14.4
1989 18.4 14.8
1988 18.3 14.1
1987 17.4 13.4
1986 16.4 12.9
1985 16.3 12.9
1984 15.7 12.1
1983 15.9 11.8
1982 15.4 10.9
1981 14.8 10.0
1980 13.1 8.9
1979 12.5 8.6
1978 12.2 8.5
1977 12.4 9.0
1976 12.4 8.9
1975 12.7 9.0

TABLE 2:    R&D as a Percentage of Sales, PhRMA Member Companies: 1975–2012
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TABLE 3:   Domestic R&D and R&D Abroad,* PhRMA Member Companies: 2011

R&D Expenditures  
for Human-use Pharmaceuticals

Dollars Share

Domestic $35,923.9 73.8%

Abroad* $11,982.5 24.6%

Total Human-use R&D $47,906.4 98.5%

R&D Expenditures  
for Veterinary-use Pharmaceuticals

  

Domestic  $449.7 0.9%

Abroad* $288.9 0.6%

Total Vet-use R&D $738.7 1.5%

TOTAL R&D $48,645.0 100.0%

(dollar figures in millions)

*R&D abroad includes expenditures outside the United States by U.S.-owned PhRMA member companies 
and R&D conducted abroad by the U.S. divisions of foreign-owned PhRMA member companies. R&D 
performed abroad by the foreign divisions of foreign-owned PhRMA member companies are excluded. 
Domestic R&D, however, includes R&D expenditures within the United States by all PhRMA member 
companies.

Note: All figures include company-financed R&D only. Total values may be affected by rounding. 

SOURCE: Pharmaceutical Research and Manufacturers of America, PhRMA Annual Membership  
Survey, 2013.

Note: All figures include company-financed R&D only. Total values may be affected by rounding. 

SOURCE: Pharmaceutical Research and Manufacturers of America, PhRMA Annual Membership 
Survey, 2013.

Function Dollars Share

Prehuman/Preclinical   $10,466.3   21.5%

Phase 1  4,211.0 8.7

Phase 2 6,096.4 12.5

Phase 3 17,392.9 35.8

Approval 4,033.4 8.3

Phase 4 4,760.9 9.8

Uncategorized 1,684.0 3.5

TOTAL R&D $48,645.0 100.0%

(dollar figures in millions)

TABLE 4:   R&D by Function, PhRMA Member Companies: 2011
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TABLE 5:   R&D by Geographic Area,* PhRMA Member Companies: 2011

(dollar figures in millions)

*R&D abroad includes 
expenditures outside the United 
States by U.S.-owned PhRMA 
member companies and R&D 
conducted abroad by the U.S. 
divisions of foreign-owned 
PhRMA member companies. R&D 
performed abroad by the foreign 
divisions of foreign-owned 
PhRMA member companies 
are excluded. Domestic 
R&D, however, includes R&D 
expenditures within the United 
States by all PhRMA member 
companies. 

Note: All figures include 
company-financed R&D only. 
Total values may be affected by 
rounding. 

SOURCE: Pharmaceutical Research 
and Manufacturers of America, 
PhRMA Annual Membership 
Survey, 2013.

Geographic Area* Dollars Share

Africa
Egypt  $3.7 0.0%

South Africa  50.1 0.1

Other Africa 5.2 0.0

Americas
United States $36,373.6 74.8%

Canada 781.0 1.6

Mexico 114.6 0.2

Brazil 181.1 0.4

Argentina 101.1 0.2

Venezuela 5.3 0.0

Columbia 29.1 0.1

Chile 21.5 0.0

Peru 16.9 0.0

Other Latin America  
(Other South America, Central America, and all Caribbean nations)

77.6 0.2

Asia-Pacific
Japan  $1,027.7 2.1%

China 327.6 0.7

India 48.7 0.1

Taiwan 38.7 0.1

South Korea 103.9 0.2

Other Asia-Pacific 272.3 0.6

Australia
Australia and New Zealand  $274.7 0.6%

Europe
France  $509.6 1.0%

Germany 659.2 1.4

Italy 190.6 0.4

Spain 230.7 0.5

United Kingdom 1,770.5 3.6

Other Western European 4,009.6 8.2

Czech Republic 50.6 0.1

Hungary 40.1 0.1

Poland 73.5 0.2

Turkey 48.2 0.1

Russia 73.3 0.2

Central and Eastern Europe (Cyprus, Estonia, 

Slovenia, Bulgaria, Lithuania, Latvia, Romania, Slovakia, Malta, and other Eastern 

European countries and the Newly Independent States)

538.7 1.1

Middle East
Saudi Arabia  $7.3 0.0%

Middle East (Yemen, United Arab Emirates, Iraq, Iran, Kuwait, Israel, 

Jordan, Syria, Afghanistan, and Qatar)
74.8 0.2

Uncategorized $513.6 1.1%

TOTAL R&D  $48,645.00 100.0%
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(dollar figures in millions)

*Sales Abroad includes sales generated outside the United States by U.S.-owned PhRMA member companies and sales generated abroad by the 
U.S. divisions of foreign-owned PhRMA member companies. Sales generated abroad by the foreign divisions of foreign-owned PhRMA member 
companies are excluded. Domestic sales, however, includes sales generated within the United States by all PhRMA member companies. 
**Estimated.

***Revised in 2007 to reflect updated data.

****Sales abroad affected by merger and acquisition activity.

Note: Total values may be affected by rounding.

SOURCE: Pharmaceutical Research and Manufacturers of America, PhRMA Annual Membership Survey, 2013.

 
 

Year

 
Domestic 

Sales

Annual 
Percentage 

Change

 
Sales  

Abroad*

Annual 
Percentage 

Change

 
Total  
Sales

Annual 
Percentage 

Change

2012**    $177,506.9 -3.9%  $117,293.1 10.0%  $294,800.0 1.2%
2011  187,870.7 3.7 117,138.5 23.1  305,009.2 10.4
2010  184,660.3 2.0  106,593.2 12.0  291,253.5 5.4
2009  181,116.8 -1.1  95,162.5 -7.5  276,279.3 -3.4
2008 183,167.2 -1.1 102,842.4 16.6 286,009.6 4.6
2007 185,209.2 4.2 88,213.4 14.8 273,422.6 7.4
2006 177,736.3 7.0 76,870.2 10.0 254,606.4 7.9
2005 166,155.5 3.4 69,881.0 0.1 236,036.5 2.4
2004*** 160,751.0 8.6 69,806.9 14.6 230,557.9 10.3
2003*** 148,038.6 6.4 60,914.4 13.4 208,953.0 8.4
2002 139,136.4 6.4 53,697.4 12.1 192,833.8 8.0
2001 130,715.9 12.8 47,886.9 5.9 178,602.8 10.9
2000 115,881.8 14.2 45,199.5 1.6 161,081.3 10.4
1999 101,461.8 24.8 44,496.6 2.7 145,958.4 17.1
1998 81,289.2 13.3 43,320.1 10.8 124,609.4 12.4
1997 71,761.9 10.8 39,086.2 6.1 110,848.1 9.1
1996 64,741.4 13.3 36,838.7 8.7 101,580.1 11.6
1995 57,145.5 12.6 33,893.5 **** 91,039.0 ****
1994 50,740.4 4.4 26,870.7 1.5 77,611.1 3.4
1993 48,590.9 1.0 26,467.3 2.8 75,058.2 1.7
1992 48,095.5 8.6 25,744.2 15.8 73,839.7 11.0
1991 44,304.5 15.1 22,231.1 12.1 66,535.6 14.1
1990 38,486.7 17.7 19,838.3 18.0 58,325.0 17.8
1989 32,706.6 14.4 16,817.9 -4.7 49,524.5 7.1
1988 28,582.6 10.4 17,649.3 17.1 46,231.9 12.9
1987 25,879.1 9.4 15,068.4 15.6 40,947.5 11.6
1986 23,658.8 14.1 13,030.5 19.9 36,689.3 16.1
1985 20,742.5 9.0 10,872.3 4.0 31,614.8 7.3
1984 19,026.1 13.2 10,450.9 0.4 29,477.0 8.3
1983 16,805.0 14.0 10,411.2 -2.4 27,216.2 7.1
1982 14,743.9 16.4 10,667.4 0.1 25,411.3 9.0
1981 12,665.0 7.4 10,658.3 1.4 23,323.3 4.6
1980 11,788.6 10.7 10,515.4 26.9 22,304.0 17.8

1979 10,651.3 11.2 8,287.8 21.0 18,939.1 15.3

1978 9,580.5 12.0 6,850.4 22.2 16,430.9 16.1
1977 8,550.4 7.5 5,605.0 10.2 14,155.4 8.6
1976 7,951.0 11.4 5,084.3 9.7 13,035.3 10.8
1975 7,135.7 10.3 4,633.3 19.1 11,769.0 13.6

Average 9.4% 9.9% 9.4%

TABLE 6:   Domestic Sales and Sales Abroad,* PhRMA Member Companies: 1975–2012
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(dollar figures in millions)

TABLE 7:   Sales by Geographic Area,* PhRMA Member Companies: 2011

*Sales abroad include expenditures 
outside the United States by U.S.-owned 
PhRMA member companies and sales 
generated abroad by the U.S. divisions 
of foreign-owned PhRMA member 
companies. Sales generated abroad 
by the foreign divisions of foreign-
owned PhRMA member companies are 
excluded. Domestic sales, however, 
include sales generated within the 
United States by all PhRMA member 
companies.
Note: Total values may be affected by 
rounding.
SOURCE: Pharmaceutical Research 
and Manufacturers of America, PhRMA 
Annual Membership Survey, 2013.

Geographic Area* Dollars Share

Africa

Egypt  $347.7 0.1%

South Africa 872.3 0.3

Other Africa 1,327.8 0.4

Americas
United States  $187,870.7 61.6%

Canada  6,793.0 2.2

Mexico  2,576.9 0.8

Brazil 4,387.4 1.4

Argentina  873.9 0.3

Venezuela  1,323.2 0.4

Columbia  771.4 0.3

Chile  320.8 0.1

Peru  167.6 0.1

Other Latin America  
(Other South America, Central America, and all Caribbean nations)

 1,449.8 0.5

Asia-Pacific
Japan  $17,556.4 5.8%

China  3,391.2 1.1

India  1,635.0 0.5

Taiwan 1,152.2 0.4

South Korea  2,669.7 0.9

Other Asia-Pacific 2,003.6 0.7

Australia
Australia and New Zealand  $4,008.7 1.3%

Europe
France  $9,947.9 3.3%

Germany  8,127.0 2.7

Italy  6,761.6 2.2

Spain  5,976.2 2.0

United Kingdom 6,037.0 2.0

Other Western European 11,825.3 3.9

Czech Republic 687.2 0.2

Hungary 499.9 0.2

Poland 942.5 0.3

Turkey 1,518.4 0.5

Russia 1,816.9 0.6

Central and Eastern Europe (Cyprus, Estonia, 

Slovenia, Bulgaria, Lithuania, Latvia, Romania, Slovakia, Malta, and 

other Eastern European countries and the Newly Independent States)

5,576.4 1.8

Middle East

Saudi Arabia  $716.3 0.2%

Middle East (Yemen, United Arab Emirates, Iraq, Iran, 

Kuwait, Israel, Jordan, Syria, Afghanistan, and Qatar)
1,268.8 0.4

Uncategorized $1,808.3 0.6%

TOTAL SALES $305,009.2 100.0%
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SUMMARY

This paper replicates DiMasi et al. (J. Health Econ. 2003; 22: 151–185; Drug Inf. J. 2004; 38: 211–223) estimates of
expenditure on new drug development using publicly available data. The paper estimates that average expenditure
on drugs in human clinical trials is around $27m per year, with $17m per year on drugs in Phase I, $34m on drugs in
Phase II and $27m per year on drugs in Phase III of the human clinical trials. The paper’s estimated expenditure on
new drug development is somewhat greater than suggested by the survey results presented in DiMasi et al.
(J. Health Econ. 2003; 22: 151–185; Drug Inf. J. 2004; 38: 211–223). The paper combines a 12-year panel of research
and development expenditure for 183 publicly traded firms in the pharmaceutical industry with panel of drugs in
human clinical trials for each firm over the same period. The paper estimates drug expenditure by estimating the
relationship between research and development expenditure and the number of drugs in development for 1682
company/years (183 firms multiplied by the number of years for which we have financial and drug development
information). The paper also estimates expenditure on drugs in various therapeutic categories. Copyright r 2009
John Wiley & Sons, Ltd.

Received 14 May 2007; Revised 24 November 2008; Accepted 5 January 2009

KEY WORDS: pharmaceuticals; drug development

1. INTRODUCTION

DiMasi et al. (2003, 2004) estimate the cost of new drug development for all drugs and for drugs in
certain therapeutic categories, respectively. The authors estimate the average cost of new drug
development to be $802m per new drug. This number has become a central part of the policy debates on
numerous issues regarding the pharmaceutical industry including the Medicare Prescription Drug Act,
drug importation, generic entry and vaccine development. Drug companies argue the high cost of drug
development justifies the high prices paid by governments, insurers and customers. Given the
importance of the $802m number to the debate it is important to know whether it is correct and what it
means.

DiMasi et al. (2003) calculate the cost of new drug development with data from two sources. The
authors survey 10 large pharmaceutical firms and ask those firms to report the expenditure in human
clinical trials for 68 drugs chosen at random from the Tuft’s drug development database called the
CSDD. The authors then use information on average success rates and successful durations from the
CSDD data to calculate the cost of bringing a new drug to market. Recently, Light and Warburton
(2005) point out numerous problems with DiMasi et al. (2003). In particular, because ‘cost data used

1The authors are not aware of any potential conflicts that may bias their work. As far as the authors are aware, the study raises no
ethical issues.

*Correspondence to: Bureau of Economics, Federal Trade Commission, 601 New Jersey Avenue NW, Washington, DC 20580,
USA. E-mail: cadams@ftc.gov
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was proprietary and confidential, readers cannot know how each company collected its data, or what
was counted as research costs, and no independent verification of the accuracy of the information is
possible’ (p. 1031). This paper provides an independent verification of the survey cost data by using an
alternative publicly available data source on research and development expenditure. Adams and
Brantner (2006) verify the second part of DiMasi et al. (2003) paper by using publicly available data to
estimate success rates and average successful durations.

By comparing aggregate annual expenditure on research and development across firms and over time
to the number of drugs in human clinical trials for each firm and each year, we can determine the
‘marginal expenditure’ on an additional drug in development. If Drug Firm A spends an additional
$50m in 1992 relative to 1991 but in 1992 Drug Firm A has two additional drugs in development we
argue this provides an estimate of average annual expenditure by Drug Firm A, i.e. $25m per drug per
year. Similarly, if Drug Firm B spends $100m more than Drug Firm A in 1992 but Drug Firm B has an
additional four drugs in development in 1992, then we estimate drug expenditure to be $25m per drug
per year. Note that this is an estimate of the correlation between expenditure and the number of drugs in
development. We are not attempting to estimate the impact of an additional dollar of expenditure on
the number of drugs in development or the impact of additional drug on the amount of expenditure.

There are a number of advantages to this approach. First, we are using publicly available data so
our results can be verified by other researchers. Second, we are using data from 183 publicly traded
firms rather than 10 firms selected by the study’s authors. Our selection criteria is that the firms
have research and development expenditure information in the CompuStat data base, be in the
pharmaceutical industry (see Danzon et al., 2004) and have drugs in the Pharmaprojects data set
(see Adams and Brantner, 2006). These firms range in size from 100 employees to almost 180 000
employees with sales ranging from $2m annually to almost $45b annually. Third, we are using
contemporaneous reports of research and development expenditure where the reports are scrutinized by
both the market and the SEC. In their comment on DiMasi et al. (2003), Light and Warburton (2005)
argue that

considering the clear interest of pharmaceutical companies in higher (rather than lower) estimates of
drug development costs, and sampled firms’ likely awareness of the intended use of the survey data, it
is not unlikely that companies would deliberately and systematically overstate costs in their survey
responses (p. 1031).

We argue that such biases are less likely here given the large number of firms and the checks on the
reports including audits.

Of course there are also serious concerns about the approach we use here. First, the data are
aggregate research and development expenditure. Those not only include expenditure on drugs in
human clinical trials but also include development expenditure on drugs yet to reach trials. To identify
the amount spent in human clinical trials we must infer the information from cross sectional and time-
series variation in expenditure that is associated with variation in the number of drugs in development.
Such variation may lead to spurious estimates. For example, if one firm specializes in anti-infective
drugs and we compare the specialty firm’s expenditure on anti-infective drugs to that of a firm that has
just one or two anti-infective drugs, we may estimate that expenditure on the extra drug as being small.
This low estimate may be due savings from specialization rather than an accurate measure of the cost of
adding another anti-infective drug.

Second, we are estimating changes for the ‘marginal drug’, which may be more expensive than the
average drug.2 The relationship between expenditure on the marginal drug and expenditure on the
average drug depends on what assumption the reader is willing to make regarding how expenditure per

2Thanks to Eric Durbin for pointing this out.
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drug changes with the number of drugs. If expenditure per drug is constant then the marginal and the
average are the same. On the other hand, if expenditure per drug is increasing with the number of drugs
in development then marginal expenditure will be higher than average expenditure. A number of papers
suggest that there may be economies of scale or scope in drug development (Cockburn and Henderson,
1996, 2001; Danzon et al., 2004). If there are economies of scale then we would expect marginal
expenditure to be less than average expenditure.3 Note that marginal expenditure may be a more useful
measure for determining the incentive effects of policy changes.

Third, we use Pharmaprojects’ definition of a ‘drug development project’ and assign the drug to the
‘originator’. In general, this definition corresponds to a new patented molecular entity. In the main
part of the analysis we drop drugs that are new formulations of existing drugs (i.e. an extended
release version of an existing drug). The analysis does not account for the fact that the drug
development project is part of a joint venture (and thus expenditure is spread across multiple firms) or is
being developed by an altogether different firm (and our method is assigning the drug project to the
wrong firm).4 Such mis-measurement may bias our estimates downward. It should be noted that our
counts of drugs in the different phases are measuring the development associated with the originating
firm.

In order to have a number that is comparable to DiMasi et al.’s (2003) average expenditure over the
sample period, we control for differences between firms and differences over time. We attempt to
control for some cross-sectional variation by conditioning on net sales. If for example, larger firms
spend more on drug development projects than smaller firms then net sales should control for this
variation. Similarly, if firms are spending more on drug development projects at the end of the period
than at the beginning then our controls for time will provide a better sense of the average expenditure
per project during the period. Note that identification of spending per drugs is coming to some extent
from the fact that larger firms have more drugs and that there are more drugs over time in the database.
The controls attempt to separately identify the effect of having another drug in human clinical trials
from the effect of being large or later in time.

DiMasi et al. (2003) uses a similar approach to verify their own estimates. The authors use firm level
R&D expenditure reported by PhRMA and estimate lagged expenditure on firm level counts of
approved drugs. The authors estimate average expenditure per approved drug to be between $354m and
$558m. These numbers are similar to their estimate of $403m using the survey data. Other researchers
have simply divided aggregate R&D expenditure by the total number of approvals per year. The
concern with these approaches is that less than one in four drugs in human clinical trials actually make it
to the market and the process can take between 6 and 12 years with substantial variation across drugs
(Adams and Brantner, 2003).

The rest of the paper proceeds as follows. Section 2 discusses the data used in this study and provides
some background information on new drug development. Section 3 presents the results. Section 4
concludes.

2. DATA AND BACKGROUND

This paper combines data from two data sources. Information on each firm’s research and development
expenditure comes from the Standard Poor’s CompuStat Industrial file and Global Vantage Industrial
Commercial file used by Danzon et al. (2004).5 This data set provides financial information on publicly
traded drug companies including net sales, employment and expenditure on research and development.

3To the extent one is concerned that large firms may have lower (or higher) expenditure per drug than smaller firms, some of this
variation is accounted for in the analysis through conditioning on sales revenue.

4Danzon et al. (2005) analyze joint ventures.
5All monetary values are in 1999 dollars using the domestic manufacturing Producer Price Index.
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Information on drugs in development comes from a Pharmaprojects data set used by Adams and
Brantner (2006) and Abrantes-Metz et al. (2005). This data set uses public information to track drugs
through the development process, providing information on the length of time in different phase as well
as when and if drugs completed a development phase. The two data sets overlap for the years
1989–2001. The data sets are matched using the name of the pharmaceutical firm.6 Pharmaprojects
updates its information on the firms developing each drug after a merger, so we used text searches of the
database and searches of a related data set called the Manufacturing Index to determine the ownership
of drugs over time.7

According to Danzon et al. (2004) there are 383 firms in their original data. Once we match these
firms to firms in the Pharmaprojects data we are left with 183 firms. It is not clear exactly why there are
firms that do not match. The two data sets do not exactly overlap in time and that may explain some of
it. Another explanation is that the Pharmaprojects does not capture name changes or mergers among
smaller firms (see footnote 7). Table I presents some basic summary statistics for this sample of firm/
year combinations. Table I shows there are an average of four drugs in development for each firm for
each year 1989–2001. Note this measure is not a very good measure of the stock of drugs in development
because we only observe drugs entering one of the stages of human clinical trials after 1989. In the
average firm/year $264m is spent on research and development, $2355m is made in sales and there are
11 000 employees. Note that medians are substantially lower than the means suggesting that the
distributions are all skewed toward zero.

Figures 1–3 present the distribution of the number of drugs in human clinical trials per firm/year, the
amount of R&D expenditure per firm/year, and a scatter plot of the two, respectively. The first two
figures show that the distributions of drugs and expenditures are heavily skewed to zero. The third
figure seems to show a positive correlation between the amount of R&D expenditure per firm per year
and the number of drugs in development per firm per year.

Figure 4 presents a summary of the research and development process for new drugs. The first
stage of drug discovery is commonly called ‘preclinical development’. In this stage pharmaceutical
firms analyze thousands of drugs to determine whether one may have an affect on a disease or
condition. As candidates are discovered these drugs are tested on animals to determine whether the
drug may be safe and effective in human beings. It is estimated that drugs spend over 4 years in
preclinical testing. DiMasi et al. (2003) do not have direct survey information on preclinical expenditure
because pharmaceutical firms do not track preclinical expenditure by particular drug candidates.
Given this and given that the Pharmaprojects data are based on public information and are not very
reliable regarding drugs in preclinical development, we do not estimate expenditure on preclinical
development.

After preclinical development the sponsoring firm applies for an investigation new drug application
(IND) with the FDA in order to test the candidate in humans.8 There are three steps to human clinical

Table I. Firm/year summary statistics

Variable Obs Mean Median Std. Dev. Max

Number of drugs 2245 4 2 6 45
R&D expenditure ($m) 1682 264 37 551 4678
Net sales ($m) 1701 2355 110 5438 44 611
Employees (’000) 1537 11 1 25 179

6This matching was done by hand in order for it to be as accurate as possible.
7This was done for all mergers involving firms in the Forbes’ top 20 of pharmaceutical industry over the period as well as any other
major mergers in the pharmaceutical industry.

8If the firm wants to eventually market the drug in the US the firm must apply for an IND prior to undertaking human trials. That
said, there are exceptions.
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trials. In Phase I, the drug is tested for safety on a small group (e.g. 20) of healthy volunteers. Phase II
tests concentrate on safety but the test is on a larger group of patients with the condition (e.g. 200).
Phase III are the large efficacy trials with upwards of 3,000 patients participating. Once the trials are
completed the results of all three stages are presented to the FDA in the form of a new drug application
(NDA).

Table II presents some basic summary statistics on the drugs owned by the firms in the sample. The
first set of three rows show the mean length in months of successful durations. The second set of three

Figure 1. Drugs in development

Figure 2. Annual R&D expenditure

C. P. ADAMS AND V. V. BRANTNER134

Copyright r 2009 John Wiley & Sons, Ltd. Health Econ. 19: 130–141 (2010)

DOI: 10.1002/hec

Case3:14-cv-04741   Document1-6   Filed10/24/14   Page6 of 13



Figure 3. R&D expenditure by drugs in development

Figure 4. CDER chart of the development process

Table II. Summary statistics for drugs

Obs Mean

Duration (months)
Phase I 235 16.58
Phase II 144 30.65
Phase III 130 27.15
Success (frequency)
Phase I 314 0.75
Phase II 302 0.48
Phase III 184 0.71
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rows shows the frequency with which drugs successfully complete the phase. The table shows that these
drugs seem to be fairly representative (see Adams and Brantner, 2006; DiMasi et al., 2003). Successful
durations vary by a month or two and success rates vary by a few percentage points of those reported in
Adams and Brantner (2006).

3. RESULTS

3.1. Mean expenditure estimates

Table III presents regression results for the amount of research and development expenditure on the
number of drugs in human clinical trials. There are six regressions reported in the table. First are the
basic regressions on the number of drugs in human clinical trials then on the number of drugs in each of
the three phases of development. These regressions are then repeated adding measures of time and firm
characteristics. All results report robust standard errors clustering on firm name. The number of drugs
is the number of drugs in development for each firm/year combination. Note that ‘new formulations’ of
existing drugs are not included in the count variable.9 This is done in order to make the estimates closer
to DiMasi et al. (2003) estimate for new molecular entities.10 The variable time is simply the number of
years from 1988. The variable ‘sales’ is the amount of net sales for each firm/year. The time and sales
variables allow the analysis to capture changes in expenditure over the time period and across firms,
where ‘sales’ is probably best thought of a measure of firm size.

Table III shows that average expenditure per drug in human clinical trials is between $74m and $27m
per year.11 Once we include controls for time and firm characteristics, the results suggest that the
average expenditure on drugs across all three phases of development is approximately $27m per year.
This estimate is quite precise and is statistically different from zero at traditional levels. If sales are not
accounted for then Phase I expenditure is estimated to be $81m per year, $68m for drugs in Phase II and
$77m for drugs in Phase III. Once time and sales are accounted for, these estimates fall to $16m, $34m
and $27m respectively.12 The Phase II and III expenditures are estimated precisely and are statistically
different from zero. The Phase I estimate is less precisely estimated and 0 lies within the traditional
confidence interval.

How do these results compare to the estimates of expenditure in DiMasi et al. (2003)? We estimate
the average annual expenditure on drugs in all three phases of human clinical trials is $27m. If we take
DiMasi et al. (2003) estimates of expenditure for each phase of $15m, $24m and $86m for Phases I, II
and III, respectively, and weight them proportionally to the time spent in development and the
probability of being in each of the phases then we have the appropriate comparison.13 This
transformation gives an estimate of annual expenditure of $21m.14 Our estimate is higher than this
transformed estimate from DiMasi et al. (2003) although $21m lies within the 95% confidence
interval.15 To compare the expenditure by phase it is necessary to do another transformation. The
numbers presented in DiMasi et al. (2003) are for the average drug over the length of the phase, while

9A new formulation may, for example, be an extended release version of an existing approved drug.
10Thanks to an anonymous referee for this suggestion. The estimates of expenditure per drug including formulations are lower
than the estimates presented here. The last section suggests that this occurs because expenditure on new formulations is
substantially lower than for other drugs.

11Most of the decrease seems to come from including the sales variable.
12Note that these results are most properly thought of as correlations between the number of drugs and the amount of expenditure.
There has been no effort made to account for endogeniety in the joint decisions to increase expenditure and take more drugs into
clinical trials.

13From DiMasi et al. (2003) the average durations are 12, 26 and 34 months, respectively.
14The average expenditure is (12*1510.71*26*2410.31*34*86)/(12126134)5 (18014431906)/725 21.
15$21m does not lie within the 90% confidence interval. Although, this does not account for sampling error with the original
DiMasi et al. (2003) estimate.
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we have estimated expenditure for 1 year. If we use the phase durations presented in Table II we can
estimate expenditure for the whole phase. This procedure gives 1.38�17m5 $24m for Phase I, which is
more than DiMasi et al. (2003) estimate of $15m for Phase I. For Phase II the same method produces an
estimate of $86m, which is much higher than the DiMasi et al. (2003) estimate of $24m. Finally, for
Phase III this method gives an estimate of $61m, which is less than the DiMasi et al. (2003) estimate of
$86m. For Phases I and III, the DiMasi et al. (2003) estimates lie within the 95% confidence interval
around our estimates. However, there is no overlap between the confidence interval around the DiMasi
et al. (2003) estimate of Phase II expenditure and the confidence interval around our estimate.

It is not clear what explains such a large discrepancy between our estimate of Phase II expenditure
and DiMasi et al. (2003) estimate. One possibility and a more general concern is that our method may
be misallocating expenditure to drugs in different stages of development. This may occur for two
reasons. First, we assume that if a drug moves into a new phase in a particular year then the drug has
been in that phase for the whole year. Still, given the expected difference in Phases II and III expenditure
this assumption is more likely to lead to an underestimate of Phase III expenditure than an overestimate
of Phase II expenditure. Second, the relationship between financial years and the years assigned in the
data. Again, this may reduce the accuracy of the estimates but it is unlikely to bias the estimates.
Another possibility is that there is under reporting of drugs in human clinical trials particularly in the
earlier phases.16

As other work has shown, expenditure on research and development is increasing at a substantial
rate. In fact, here we have it increasing at a parabolic rate although this is due to the particular
functional form that is used in the estimation. The results also show that there is a strong relationship
between sales and research and development expenditure with every $1 in sales associated with an extra
$0.07 in R&D expenditure. Note also, adding sales to the regression substantially improves the model’s
ability to explain the data. The constant in this estimation cannot really be interpreted as we do not have
a measure of the stock of drugs in development as of 1989. We are only able to observe new
development starts in 1989 and later.

The baseline regression measures the average expenditure on new drugs by firm and year. It does not
account for whether that average may be driven up by the large increase in R&D expenditure observed

Table III. R&D expenses OLS (robust standard errors)

1 2 3 4 5 6

All phases 74.31�� 74.86�� 26.85��

(5.87) (5.91) (3.44)
Phase I 80.72�� 78.05�� 16.78

(18.61) (18.61) (10.35)
Phase II 68.01�� 69.07�� 33.59��

(12.72) (12.67) (6.80)
Phase III 76.94�� 80.08�� 26.78��

(23.90) (24.07) (11.08)
Time �62.34�� �62.27�� �23.75�� �25.31��

(10.88) (13.08) (5.91) (6.76)
Time2 4.32�� 4.31�� 2.09�� 2.19��

(0.83) (0.97) (0.46) (0.53)
Sales 0.07�� 0.07��

(0.01) (0.01)
Constant �22.64 �21.49 147.19�� 147.97�� 19.87 23.16

(20.88) (21.00) (31.04) (36.18) (17.20) (17.69)
Observations 1682 1682 1682 1682 1682 1682
R2 0.59 0.59 0.60 0.60 0.89 0.89

Standard errors are clustered on firm names. ��Is statisically different from 0 at 1% level and �is at 5% level.

16It is not clear exactly how such under reporting would bias the results and in what direction.
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during the period or by large expenditures by the larger pharmaceutical firms. Latter regressions add a
parabolic time trend and a parameter (‘sales’) to capture variation across firms. The time trend estimates
capture the large increase in expenditure that occurred during the period. The sales coefficient suggests
that large firms, at least large firm/years, are associated with large expenditures per drug.17 This
variation across firms is also captured to some extent via the quantile regression analysis presented in
the next section.18 This analysis suggests larger firms spend more on clinical trials.

Note that the measured positive relationship between sales and expenditure may not be causal.
Larger pharmaceutical firms may have different R&D strategies than smaller firms. For example, Big
Pharma may run substantially more trials over different treatments, comparison groups, and
populations compared with smaller firms. Such trials may put the firm in a better position to sell the
drug internationally and in multiple domestic markets for different indications. Note also that these
numbers do not measure expenditure by smaller non-publicly traded firms such as those funded by
venture capital firms.

3.2. Quartile expenditure estimates

Table IV presents results from the 25, 50 and 75% quartile regressions. Comparing these results to the
results from columns 5 and 6 in Table III we see that expenditure per drug per year is substantially less
at the lower quartiles. At the bottom quartile, expenditure per new drug in development is around $9m
per year, with $15m at the median and $18m at the top quartile. All these numbers are estimated fairly
precisely. These numbers compare to $27m per year for the mean. Similarly, estimated expenditures per
phase of development are substantially lower at the 25, 50 and 75% quartiles relative to the mean. The
results suggest that the distribution of expenditure on drug development is quite skewed. These results
suggest that a number of firms spend very large sums on drug development.

As before, we can transform our median estimates to compare with the median estimates presented in
DiMasi et al. (2003). This procedure gives 1.38�14.605 $20m for Phase I, which is more than DiMasi
et al. (2003) estimate of $14m for Phase I. For Phase II the same method produces an estimate of $36m,
which is much higher than the DiMasi et al. (2003) estimate of $17m. Finally, for Phase III this method
gives an estimate of $30m, which is much less than the DiMasi et al. (2003) estimate of $62m.

3.3. Implications for cost estimates

If we use the mean estimates for expenditure on drugs in development in place of the survey estimates
used by DiMasi et al. (2003) we can recalculate the over all ‘cost of drug development’ or more
accurately the net revenue needed to make investment in drug development profitable. Doing this
calculation using the same durations and success rates as reported in Adams and Brantner (2006) we
estimate new drug development cost to be $1214m, which is much higher than the original estimate of
$802m or even the Adams and Brantner (2006) estimate of $867m. These high estimates may be due to
measurement of expenditure on the marginal drug rather than the average drug.19 However, such an
estimate may be more useful to policy makers as it is more likely to measure the impact of changes in

17The baseline analysis is measured at the firm/year level. This means that we are measuring the expenditure of the average firm/
year on a drug rather than the expenditure on the average drug. If the average firm/year is large then our measure may be high
because large firms happen to spend more on drugs. By adding a coefficient for firm size the measure can be adjusted to account
for the variation in expenditure across firms. Note however, that if the average drug is developed in a large firm then these results
may need to be adjusted either by adding back in the sales coefficient multiplied by the sales of the firm, which produces the
average drug or by looking at the quartile estimates in the next section.

18Note that the coefficient estimate on sales is larger for the 75% quartile compared with the 50% quartile and the 25% quartile.
That is, for drugs with larger expenditures there is a stronger relationship between the size of the firm and the size of the
expenditures.

19Note also that these estimates are based on the very high Phase II expenditure estimates.
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policy on the development of new drugs. We could interpret these estimates as stating a firm would need
expected net revenue of over $1 billion to develop one more drug for the market.20

3.4. Expenditure by therapy

DiMasi et al. (2004) presents estimates of drug development costs for a small number of major
therapies. In attempt to replicate this work, Table V presents results similar to those presented in
Table III but where the drug counts are by major therapeutic category. Table V presents the marginal
cost of a drug by major therapy grouping. This number is estimated by counting the number of drugs in
human clinical trials for each of the major categories presented.21 Note, that we would not expect these
numbers to be negative.22 The table shows cardiovascular, dermatological, genitourinary, anticancer
and neurological drugs all have more expenditure per drug in human clinical trials than the average
drug. Note, however, only genitourinary drugs are estimated to be statistically different from the
average at traditional levels. New formulations of existing drugs have substantially smaller expenditure
in human clinical trials than the average drug. In fact, expenditure on new formulation is not estimated
to be statistically different from zero, but is statistically different from the average. The reader may be
surprised that biotech drugs are estimated to have less than average expenditure (although the estimate
is not statistically different from the average). This may be due to imprecise measurement, or it may be
due to the way these drugs are categorized in the data. That is, more important biological drugs may be
categorized under their indication (anticancer or musculoskeletal) rather than as a product of the
biotech industry.

Some of these results can be compared with the results presented in DiMasi et al. (2004). It should be
noted, however, that in both this paper and the DiMasi et al. (2004) paper the sample sizes for
individual therapeutic categories can be quite small. There are three categories in which both papers

Table IV. R&D expenses quantiles (standard errors)

25% 25% 50% 50% 75% 75%

All phases 8.88�� 14.60�� 18.68��

(0.12) (0.19) (0.15)
Phase I 7.65�� 18.35�� 18.31��

(0.42) (0.55) (0.44)
Phase II 10.73�� 13.98�� 22.59��

(0.36) (0.46) (0.39)
Phase III 7.84�� 13.05�� 15.45��

(0.44) (0.58) (0.50)
Time �2.48�� �2.56�� �3.58�� �3.52�� �4.46�� �4.09��

(0.69) (0.80) (1.01) (1.00) (0.80) (0.85)
Time2 0.19�� 0.19�� 0.29�� 0.29�� 0.39�� 0.36��

(0.05) (0.05) (0.07) (0.07) (0.05) (0.06)
Sales 0.07�� 0.07�� 0.08�� 0.08�� 0.10�� 0.10��

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Constant 2.15 2.16 6.82� 6.54� 14.85�� 13.81��

(2.27) (2.61) (3.31) (3.26) (2.52) (2.69)
Observations 1682 1682 1682 1682 1682 1682
Pseudo R2 0.60 0.60 0.70 0.70 0.80 0.80

Standard errors are in parenthesis. ��Refers to statistical significance from 0 at the 1% level, �at the 5% level.

20Thanks to Mark Duggan for his thoughts about the differences between marginal and average drugs.
21Note that we only include the larger therapeutic categories as smaller categories do not have enough drugs in human clinical
trials for reliable estimates. Thanks to an anonymous referee for this suggestion. We have also estimated expenditure by therapy
for each phase, but we do not include these results because of concern about the reliability of the estimates given the small
number of drugs in each phase for each therapy.

22Therefore, the observed negative coefficients suggest that the model may be misspecified, although none of the negative
coefficients are statistically significantly different from zero.
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report results – cardiovascular, anti-infective and neurological/CNS.23 For these three categories the
expenditure estimates for drugs in any of the three phases of human clinical trials are $36m, $27m and
$33m, respectively, where the estimate for cardiovascular drugs and neurological drugs are statistically
significantly different from 0 at the 95% level and the estimate for anti-infective drugs is not. To
compare these numbers to the numbers in DiMasi et al. (2004) we can make the same transformation as
above to get estimates of $17m, $33m and $17m respectively.24 While the magnitudes of the estimates do
not differ that greatly, particularly for anti-infectives, the DiMasi et al. (2004) estimates are also located
within the traditional confidence intervals of the estimates presented in Table V.

These results support the argument in Adams and Brantner (2006) that there is substantial variation
in drug development costs by therapeutic category. On average annual expenditure by drug is $27m.
However, for genitourinary drugs like Viagra, the expenditure number is four times higher. It is also
higher for dermatological and cancer drugs. In contrast annual expenditure on new formulations of
existing drugs is only a couple of million of dollars. Do therapeutic categories with high annual
expenditures have high success rates and short durations to compensate? Not necessarily. Results
presented in Adams and Brantner (2006) suggest genitourinary drugs do have very high success rates
and relatively short durations. This means that their overall drug development costs may not be too
different from ‘the average drug’. However, cancer drugs have relatively low success rates and long
durations making them much more expensive than the average drug (Adams and Brantner, 2006).

4. CONCLUSION

Recent criticism of the study by DiMasi et al. (2003) argues it is not possible to verify the results because
the data are confidential. Further, Light and Warburton (2005) argue the sample of expenditure
estimates may not be representative and may be biased upwards. This paper attempts to replicate
DiMasi et al. (2003) expenditure estimates using publicly available data. By matching information on

Table V. R&D expenses OLS by therapy for all phases

1 2 3

Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE

Cardiovascular 137.65�� 26.28 141.48�� 26.05 35.85� 17.75
Dermatological 254.60�� 106.99 261.49� 104.54 99.71� 48.86
Formulations �3.69 8.96 �6.28 8.42 4.01 3.45
Genitourinary 58.96 50.14 52.98 48.27 108.04�� 41.06
Anti-infective 129.96�� 35.87 130.07�� 35.50 26.56 14.83
Anticancer 56.17� 27.82 52.25� 26.50 43.14�� 15.78
Neurological 136.01�� 29.25 139.13�� 29.33 33.32� 16.03
Biotechnology 26.89 15.03 26.48 14.88 24.40�� 6.75
Miscellaneous �10.14 16.79 �9.31 16.24 2.81 5.08
Time �63.53�� 11.06 �22.89�� 6.20
Time2 4.60�� 0.84 1.96�� 0.49
Sales 0.07�� 0.01
Constant 7.54 22.91 168.53�� 34.66 25.67 17.71
Observations 1682 1682 1682
R2 0.65 0.66 0.90

Standard errors are clustered on firm names. ��Refers to statistical significance at the 1% level and �refers to the 5% level.

23The last category may not overlap as the definition of CNS drugs in DiMasi et al. (2004) may not be the same as the definition of
neurological drugs used in Pharmaprojects.

24The formula is the same as the one presented in footnote 14 where the expenditure estimates and the probabilities are from
DiMasi et al. (2004) and the proportion of time in each phase is as for the original formula. Note that DiMasi et al. (2004) do not
present duration by phase for individual therapeutic categories.

C. P. ADAMS AND V. V. BRANTNER140

Copyright r 2009 John Wiley & Sons, Ltd. Health Econ. 19: 130–141 (2010)

DOI: 10.1002/hec

Case3:14-cv-04741   Document1-6   Filed10/24/14   Page12 of 13



drugs in development with research and development expenditure over the period 1989–2001 and across
some 180 firms, we infer the additional annual expenditure on each new drug in development. Our
results suggest expenditure on Phases I and II is higher than suggested by DiMasi et al. (2003) while
expenditure on Phase III is lower. If we combine our estimates in this paper with estimates on success
rates and durations from Adams and Brantner (2006) we find that the ‘cost of drug development’ (or the
net revenue needed to make investment in new drugs profitable) is over $1 billion and higher than the
DiMasi et al. (2003) estimate of $802m. As we are estimating expenditure on the additional drug we may
be estimating the revenue needed to invest in the marginal rather than the average drug. While this may
make our estimate higher, it may also make our estimate more useful when considering the
consequences of policy changes such as price regulation. This paper also confirms results presented in
Adams and Brantner (2006) that there is a substantial amount of variation in expenditure by therapeutic
category.
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With its biosimilar application submitted to FDA, Novartis will likely become Medicare

the first company to test the Medicare reimbursement formula for the new
Industries

product class. The 2% sequester cut in Medicare may actually make that
Biopharmaceuticals

formula more attractive for biosimilars than the original law.

Companies
Novartis AG

FDA finally has a biosimilar application to review. Sandoz International GMBH

Sandoz Inc.
On July 24, Novartis AG announced that it has a BLA for a version of Amgen's Teva Pharmaceutical Industries

Neupogen (filgrastim) pending at FDA. It will thus set all kinds of precedents as the Ltd.

first biosimilar reviewed under the new 351(k) pathway (unless someone else has

snuck an application in without announcing it, which seems unlikely).

Upon approval, it will also test a novel Medicare Part B reimbursement formula,

intended to put biosimilars on a more equal footing when it comes to competing in

that key segment. In an interview with "The Pink Sheet" DAILY, Mark McCamish,

head of Global Biopharmaceutical and Oncology Injectables Development at

Novartis' Sandoz Inc. subsididary, highlighted that reimbursement formula as a key
reason why the company opted to use the 351(k) route rather than file for a full BLA

as Teva Pharmaceutical Industries Ltd. did, getting approval in 2012 for its

version of filgrastim ("Sandoz's Filqrastim Biosimilar Relies On Data Extrapolation"

"The Pink Sheet" DAILY, Jul. 24, 2014).
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The Medicare reimbursement formula may in fact be even more attractive than
intended, thanks to the 2% across-the-board payment cut in Medicare triggered by
the sequester in 2013.

The sequester is nobody's idea of rational public policy. But it just might end up

working in a manner that makes the "spread" on biosimilars larger than on innovator

products, with the size of the "spread" collected by physicians actually increasing as

the price of the biosimilar decreases.

Like most issues involving Medicare reimbursement, the explanation is convoluted

and like everything involving biosimilars, there is no precedent to cite yet to show
how it actually works in the real world. But here is what we know:

Under Section 3139 of the Affordable Care Act, biosimilars approved by FDA under

the 351(k) pathway will be reimbursed under Medicare Part B using a unique
formula: average sales price plus 6% of the innovator's ASP (rather than 6% of the

biosimilar ASP).

The intention was to assure that

biosimilars would not be hampered by the Editor's Note

paradoxical way that Part B pricing
works. In general, a lower price in Part B This story was contributed by The
means a smaller "spread" for physicians RPM Report. The RPM Report's
and therefore an incentive to choose FDA/CMS Summit for Biopharma
higher priced products. So, if a product Executives, convening Dec. 11-12
like Teva's Granix (tbo-filgrastim) is sold in Washington, D.C., features
at an ASP of $80 versus Neupogen's discussions on drug pricing, payer
$100, a physician would collect a spread views on breakthrough drug prices,
of $4.80 for using Granix (6% of $80), changes in the Medicare drug
compared to $6 for using Neupogen. And benefit, and how health insurance
if Teva discounts even more steeply, the exchanges are impacting pharma.
spread just gets smaller. Learn more and register here.

That obviously isn't much of an incentive

for the doctor to choose the lower cost option.

As written, the biosimilar law would mean that a physician choosing Novartis' 351(k)
version of filgrastim would still collect a $6 spread, no matter what the ASP is. That

would assure a level playing field

The sequester, however, changes those formulas and does so in a way that

actually makes the biosimilar reimbursement more attractive than the innovator.

When the 2% payment cut took effect last year, CMS applied it both to the ASP and

to the 6% spread. Thus, providers are receiving a net payment of ASP+4.3%. That

by itself is a complicated calculation because the sequester only impacts the federal

government's portion of the payment (80% of the charge); patients or their

supplemental insurance policies pay the other 20%, and that is not reduced by the

sequester. (The American College of Rheumatology explains the formula here E

Thus, in this hypothetical examples, a provider using Neupogen at an ASP of $100
would receive a $4.30 spread. Granix at $80 ASP would be reimbursed at a total of

$83.44 still the smaller amount.
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However, a 351(k) biosimilar priced at $80 would produce a total reimbursement of
$84.62 a spread of $4.62 that is a smidge higher than the $4.30 provided for the
brand. And, in a hypothetical case of an even more deeply discounted biosimilar,
say at $50, the spread actually goes up: the total reimbursement would be $55.10 in
that instance.

All of this, of course, assumes that CMS agrees with this way of calculating the
formula for biosimilars under the sequester. It also assumes the provider purchases
the product at ASP; the real market is much more dynamic than that, and innovator
companies will of course be testing different discounting models to maintain the
most attractive reimbursement they can.

Still, it appears clear that the sequester in Medicare will have the unintended impact
of making Part B payments more attractive for biosimilars than they would have
been.
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6,162,427 
1 2 

COMBINATION OF G-CSF WITH A therapeutic agents to produce a pharmaceutical preparation 
CHEMOTHERAPEUTIC AGENT FOR STEM for enhanced mobilization of hematopoietic stem cells in the 

CELL MOBILIZATION treatment of diseases requiring peripheral stem cell 
transplantation, wherein G-CSF and the chemotherapeutic 

The present invention relates to the novel use of G-CSF 5 agent are present formulated in separate administration 
and a chemotherapeutic agent or a combination of chemo- forms, so that they can be taken out separately and admin-
therapeutic agents to produce a pharmaceutical preparation istered successively according to the optimum application 
for enhanced mobilization of hematopoietic stem cells in the regimen. According to the invention, it is preferred to apply 
treatment of diseases requiring peripheral stem cell trans- the G-CSF prior to the onset of the administration of 
plantation as is the case, e.g., in high-dosage chemotherapy chemotherapeutic agents in order to enhance the mobiliza-
or bone marrow ablation by irradiation. In addition, the tion of hematopoietic stem cells. 
invention is directed to a pharmaceutical packaging unit The combined use according to the invention of G-CSF 
containing G-CSF, chemotherapeutic agent(s) and informa- and chemotherapeutic agent relates to all those diseases 
tional instructions regarding the application of the G-CSF requiring recovery of stem cells from the blood for subse-
and the chemotherapeutic agent or the combination of quent peripheral transplantation, particularly tumor diseases, 
chemotherapeutic agents for enhanced mobilization of 15 According to the present invention, G-CSF prepared 
hematopoietic stem cells prior to the onset of a correspond- using recombinant methods and variants thereof may be 
ing therapy. used. The term G-CSF or G-CSF variant according to the 

The use of high-dosage chemotherapy or bone marrow present invention encompasses all naturally occurring vari-
ablation by irradiation requires subsequent incorporation of ants of G-CSF, as well as G-CSF proteins derived therefrom, 
hematopoietic stem cells into the patient, in which case 20 modified by recombinant DNA technology, particularly 
recovery of such cells is required. fused proteins containing other protein sequences in addition 

In the methods of peripheral stem cell recovery (e.g., in to the G-CSF portion. Particularly preferred in this meaning 
leukopheresis), the mobilization of bone marrow stem cells is a G-CSF mutein having an N-terminal Met residue at 
has a crucial influence on the efficiency of these methods. At position 1, which is suited for expression in prokaryotic 
present, 2-3 leukophereses are required for successful 25 cells. Similarly suitable is a recombinant G-CSF variant free 
peripheral stem cell transplantation, resulting in consider- of methionine which may be prepared according to WO-A-
able stress for the patients. 91/11520. The term "G-CSF variant" is understood to com-

The success of treatment crucially depends on the mobi- prise those G-CSF molecules wherein one or more amino 
lization of the bone marrow stem cells, the subsequent return acids may be deleted or replaced by other amino acids, with 
of which permitting to achieve reconstitution of a function- 30 the essential properties of G-CSF, particularly the ability to 
ing hematopoietic system. mobilize bone marrow cells, being largely retained. Suitable 

Numerous substances capable of effecting such a mobi- G-CSF muteins are described in EP-A-0,456,200, for 
lization are known, e.g., G-CSF (granulocyte colony stimu- example, 
lating factor). As chemotherapeutic agents in the meaning of the inven-

Some chemotherapeutic agents are also known to possess 35 tion those therapeutic agents may be used which open the 
the ability of mobilizing bone marrow stem cells (Richman endothelial barrier, rendering it permeable for stem cells, 
et al., Blood, Vol. 47, No. 6. 1031 (1976)). Hereinbelow, chemotherapeutic agents are understood to be 

Various documents also describe the combination of exogenous substances suited and used to damage or destroy 
G-CSF with other active substances. Thus, combined treat- microorganisms, parasites or tumor cells. Here, in particular, 
ments using antibiotics are known from EP-A-0,648,501 and 40 cytostatic agents or derivatives thereof from the following 
WO-A-95/28178. The U.S. Pat. No. 5,422,105 reports the group of cytostatic agents may be mentioned: alkylating 
combination with one or more antimicrobial substances such agents such as, e.g., cyclophosphamide, chlorambucil, 
as antiviral, antifungal or antibacterial agents in order to melphalan, busulfan, N-mustard compounds, mustargen; 
enhance the effect of a CSF-1 therapy. In addition, there metal complex cytostatic agents such as metal complexes of 
have been investigations on the use of G-CSF in association 45 platinum, palladium or ruthenium; antimetabolites such as 
with high-dosage chemotherapies in autologous bone mar- methotrexate, 5-fluorouracil, cytorabin; natural substances 
row transplantations (Lymphokine Cytokine Res. (1994), such as vinblastine, vincristine, vindesine, etc.; antibiotic 
13(6), 383-90; and Leukemia and Lymphoma (1995), agents such as dactinomycin, daunorubicin, doxorubicin, 
19(5-6), 479-84). bleomycin, mitomycin, etc.; hormones and hormone antago-

In other investigations related to bone marrow 50 nists such as diethylstilbestrol, testolactone, tamoxifen, 
transplantations, Shirota et al. have determined that cyclo- aminoglutethimide, and other compounds such as, e.g., 
phosphamide which is known as cytostatic agent facilitates hydroxyurea or procarbacin, as well as corticoids such as 
the permeability of the endothelial barrier for stem cells prednisolone, with cyclophosphamide being particularly 
(Exp. Hematol. 19, 369-373 (1991)). preferred. 

As the required number of leukophereses is extremely 55 G-CSF may be administered using standard administra-
stressing for the patient in the run-up to the treatment of tion forms, with injection solutions being preferred. Water is 
particular diseases, e.g., in preparing a myeloablative or preferably used as injection medium which includes adju-
myelotoxic therapy, the invention was based on the object of vants common in injection solutions, such as stabilizers, 
achieving a superior yield of stem cells or a decrease in the solubilizers and buffers. For example, such adjuvants are 
number of leukophereses via enhanced mobilization of stem 60 tartrate and citrate buffers, ethanol, complexing agents such 
cells. as ethylenediaminetetraacetic acid and the non-toxic salts 

Surprisingly, it has now been found that an unexpectedly thereof, high molecular weight polymers such as liquid 
high stem cell concentration in blood can be achieved when polyethylene oxide for viscosity control. Liquid vehicles for 
administering G-CSF in combination with a chemothera- injection solutions must be sterile and are preferably filled 
peutic agent (chemotherapeutic agents). 65 into ampoules. 

Therefore, the invention is directed to the use of G-CSF The chemotherapeutic agents may be applied in liquid or 
and a chemotherapeutic agent or a combination of chemo- solid form on the enteral or parenteral route. Here, the 
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standard administration forms such as tablets, capsules, 
coated tablets, syrups, solutions and suspensions are pos
sible. 

The dosage may depend on various factors such as mode 
of application, species, age, or individual condition. Accord
ing to the invention, from 5 to 300 fig/kg/dny of G-CSF sc. 
is applied. The administration of G-CSF is effected once per 
day over two to three days. The administration of chemo-
therapeutic agent(s) is initiated either immediately after the 
second or third G-CSF injection or on the fourth day. 
According to the invention, from 0.05-100 mg/kg/day of 
chemotherapeutic agent(s) is/are administered. 

Surprisingly, it was determined that administration of 
G-CSF prior to opening of the endothelial barrier induced by 
chemotherapeutic agents significantly increases the stem 
cell mobilization and thus, can improve leukopheresis efE-
ciency. 

By administering G-CSF prior to administration of the 
chemotherapeutic agent(s), a massive granulopoiesis in the 
spleen and a substantial increase of the spleen weight could 
be observed which, according to Bungart et al., Brit. J. 
Haem. 76, 174-179, 1990, is attributable to the stem cell 
mobilization. 

In addition, administration of G-CSF and a chemothera
peutic agent in the run-up to a, e.g., antitumor therapy offers 
the opportunity of recovering the stem cells mobilized in 
large amounts from the blood with higher efficiency (e.g., 
using leukopheresis), then performing the antitumor therapy 
using a cytostatic agent or irradiation and subsequently, 
conducting the peripheral stem cell transplantation. 

The invention is also directed to a pharmaceutical pack
aging unit including at least three spatially separated 
components, the first component being a standard adminis
tration form of G-CSF, the second component representing 
a standard pharmaceutical administration form of a chemo
therapeutic agent or a combination of chemotherapeutic 
agents, and the third component comprising informational 
instructions for the administration of G-CSF prior to admin
istration of the chemotherapeutic agent (chemotherapeutic 
agents) for enhanced mobilization of hematopoietic stem 
cells. 

Where G-CSF is administered in combination with, e.g., 
two chemotherapeutic agents, these chemotherapeutic 
agents may be formulated separately or together, so that the 
packaging unit consists of either three or four spatially 
separated components. 

Without intending to be limiting, the invention will be 
illustrated in more detail in the following embodiment. 
Embodiment 

Using mice, the in vivo interactions between rh G-CSF 
and cyclophosphamide (CY) applications regarding the 
effects of various schemes of treatment on 

the hematopoietic capacity of femoral cells, 
the femoral bone marrow and spleen histologies, and 
the leukocyte number (WBC) were examined. 
The following test groups were examined: 
G-CSF/CY group: G-CSF application was effected on 

three successive days prior to cyclophosphamide (CY) 
administration; the third injection was effected imme
diately before CY administration. 

CY/G-CSF group: corresponding to the present clinical 
practice, G-CSF was applied beginning 24 hours after 
CY injection. 

CY group: treatment was effected using CY alone. 
Control group. 

10 

15 

20 

25 

30 

35 

40 

45 

60 

65 

1. Materials 
a) Animals 

Female NMRI mice were purchased. Initially, their body 
weight was approximately between 26 and 28 g. The ani
mals were fed on pellets and had ad libitum access to feed 
and drinking water. 

They were kept separately at room temperature (23±10 

C.) and a relative humidity of 55% (50-70%). The room air 
was exchanged approximately 10 times per hour. The day/ 
night rhythm was held constant, with light/dark periods of 
12 hours each, beginning at 6 a.m. Alight intensity of about 
60 lux was provided throughout the room during the light 
period. The health condition of the animals was recorded 
daily, and cleaning was effected at regular intervals. Cat
egorizing of the animals into the individual test groups can 
be inferred from Table 1. 
b) Reagents 

Recombinant human (rh) G-CSF, cyclophosphamide 
2. Methods 
a) Peripheral Leukocyte Number (WBC) 

The measurements were conducted using an analyzer. 
Under anesthesia, 25 /A of native whole blood was with
drawn from the postorbital plexus using heparinized glass 
capillaries, diluted with 3.75 ml of an isosmotic solution, 
and analyzed with respect to WBC. 
b) Femoral Bone Marrow Cell Number (BMC) 

After 4 weeks of treatment or after a two weeks period 
free of treatment, respectively, the femora of 5 animals (n=8, 
G-CSF/CY group) from the various test groups were col
lected. They were opened aseptically at the proximal and 
distal ends. Rinsing the bone marrow cavities with 1.5 ml of 
MEM (supplemented with penicillin/streptomycin and 
L-glutamine), the bone marrow cells were recovered using 
syringes equipped with adapters. Except for the G-CSF/CY 
test group wherein both femora of from 3 to 8 animals were 
analyzed, one femur of each animal was examined. The cells 
were counted in an autolyzer system. 
c) CFU-C Test (Colony-Forming Units Culture) 

The femoral bone marrow cell number was adjusted to 
2.5xl0"6 cells/ml in MEM (flow). 0.2 ml of this suspension 
was mixed with 0.5 ml of horse serum, 0.1 ml of thioglycerol 
(20 mM, diluted 1:4 with MEM), 1.0 ml of methylcellulose 
(2% in MEM), 0.6 ml of MEM (flow), and 0.1 ml of either 
additional medium or standardized stimulated mouse serum 
(1:200 dilution of serum, withdrawn 3 hours after ip. admin
istration of 2.5 mg/kg lipopolysaccharide (LPS)) or 5 ng/ml 
rhG-CSF. The well-mixed semi-solid suspension was pipet
ted into Petri dishes 4 cm in diameter and incubated for 6 
days at 37° C, 5% C 0 2 and 95% r.h.. After addition of 0.5 
ml of p-iodonitrotetrazolium violet solution (0.5 mg/ml 
PBS), the dishes were incubated for another 24 hours. The 
colonies were counted using a colony counter and standard
ized to 106 bone marrow cells. 
d) Tissue Preparation and Histological Test 

The animals were sacrificed on the day of final adminis
tration of the compounds, and spleen tissue as well as one 
femoral bone of each animal were fixed in 10% neutral-
buffered formaldehyde solution. The bone samples were 
decalcified over two weeks in 5% formic acid, dissolved in 
formaldehyde/distilled water. Spleen and bones were stored 
routinely in parafhne, cut to 4/wm thickness, and stained with 
hematoxylin-eosin (HE), as well as with PAS. Bone marrow 
and spleen were semi-quantitatively evaluated with respect 
to cell quality, myelofibrosis and cellular necrosis using a 
light microscope. 
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e) Statistics 
The various test groups were compared with control 

animals with respect to the end points of BMC, CFU-C 
response to G-CSF, CFU-C response to serum, and spleen 
weight. Repeated measurements of WBC (basis: 1, 2, 3, and 5 
4 weeks) were transformed into an end point, based on the 
individual AUC approximation according to Zerbe et al.. 
Biometrics 33, 653, 1992. Investigations for approximate 
normal distribution of WBC and spleen weight were ana
lyzed according to the Welch T Test (Welch, Biometrika 34, 
28, 1947) because a notable variance in the heterogeneity 
was observed. Due to the absence of an approximately 
normal distribution for the other end points, a permutational 
U test according to Mehta et al., CYTEL Software Corp. 
Turbo Version, Cambridge, U.S.A., 1992, was conducted. 
The method of multiple end point analysis was carried out 15 

for the end points of CFU-C, when administering G-CSF or 
serum, and the spleen weight. The end points after the period 
with no treatment (week 6) were analyzed for reversibility 
using a method according to Dunnett, JASA50,1096,1955, 
which may be used for comparing with the controls. The 20 
calculations were performed using SAS, Version 6.10 (SAS/ 
STAT: Changes and enhancements, Release 6.10, SAS 
Institute, 1994) and Statxact (Mehta et al., see above). 
3. Results 
a) Effects Regarding the Femoral Bone Marrow Cell Num- 25 
ber (BMC) 

The effects of various treatment regimens are included in 
Table 2. CY alone reduced the bone marrow cell number to 
about 60% of the control. Both combinations of CY and 
G-CSF reduced the number to about 30% of the control. Two 30 
weeks after the treatment was completed, however, the 
animals from the CY/G-CSF test group again showed 
increasing bone marrow cell numbers compared to the 
number immediately after treatment. At the end, they 
reached about 50% of the control. The other three test groups 35 
did not show any relevant changes during the follow-up 
period with no treatment. 
b) Effects in the CFU-C Test 

The response to serum of LPS-treated mice and to G-CSF 
was massively decreased in the CY group, compared to the 40 
bone marrow cells of the controls. A marked decrease was 
observed in G-CSF/CY treatment, while the CY/G-CSF test 
group showed increased colony formation in the presence of 
serum of LPS-treated mice and in the presence of G-CSF. 

After a 2 weeks period with no treatment, the differences 45 
between both G-CSF groups and the controls became 
smaller. The proliferative response to serum of LPS-treated 
mice in the CY group showed after this period an extraor
dinary elevation compared to the marked decrease at the end 
of the treatment period. 50 

c) Bone Marrow Histology 
At the end of the treatment period: The granulopoietic cell 

density in the hematopoietically active areas of the femoral 
bone marrow markedly increased in both groups that had 
been treated with G-CSF and CY compared to the control 55 
animals and the CY test group (Table 3). The effect is 
particularly apparent in the G-CSF/CY test group. However, 
it can be seen that a clearly perceptible decrease of the 
hematopoietic areas as a result of fibrosis and ossification 
occurred in the various treatment groups. The CY group did 60 
not show any signs of increased granulopoiesis. 

The stimulation of granulopoiesis due to administration of 
G-CSF prior to CY gave rise to all stages of maturity, 
whereas maturity stages were observed with less abundance 
upon administration of CY/G-CSF. The occurrence of single 65 
cell necroses was moderate in the G-CSF/CY and CY test 
groups and low in the CY/G-CSF group. 

d) Effects on the Spleen 
Histology at the end of treatment: Light microscopy of 

spleen tissue revealed a marked increase of granulopoietic 
cells after 4 weeks of treatment in both groups which had 
received G-CSF in combination with CY (Table 4). Granu
lopoiesis comprised all stages of granulopoietic cell matu
ration most markedly in the G-CSF/CY group. The granu
lopoietic cell proliferation in the CY/G-CSF group mainly 
consisted of myeloblastic cells, maturity stages were barely 
observable. The considerable increase of granulopoietic 
cells occurred in association with a considerable rearrange
ment of the spleen organic structure. Single cell necroses 
were observed in the G-CSF/CY group and to a lesser extent, 
in the animals of the CY/G-CSF test group. The spleen of 
animals that had been treated with CY alone showed a slight 
cellular decline in the follicles and the reticulum. During a 
2 weeks period with no treatment, the changes returned to 
normal. In those groups, however, where G-CSF and CYhad 
been administered, there were signs of a slightly increased 
hematopoietic stimulation in the form of elevated 
granulopoiesis, erythropoiesis and megakaryopoiesis. 
e) Effects on Spleen Weight 

An enormous increase (more than 3.3 fold of the control) 
was determined at the end of the treatment period in those 
animals that had been treated with G-CSF/CY (Table 5), and 
an 1.8 fold increase compared to the control was observed 
in the CY/G-CSF test group. There were no relevant effects 
on the spleen weight in the CY group. 
f) WBC 

Blood samples were taken prior to the first treatment and 
then once per week immediately before administering CY 
(or placebo). Thus, the blood samples in the G-CSF/CY test 
group were taken after the administration of G-CSF. Addi
tional blood samples were collected at the end of the 
treatment period (after 4 weeks) and after the two weeks 
period with no treatment, respectively. 

As is apparent from Table 6, there were no relevant 
differences in the WBC between the controls and the CY and 
CY/G-CSF groups. 

During week 1, the G-CSF/CY test group showed a WBC 
slightly elevated above the upper limit of normal; during the 
following weeks 2, 3 and 4, there was a substantial WBC 
increase (from 7- to 8 fold of the control); complete reversal 
of this effect could be observed after the two weeks period 
with no treatment. 

On the whole, it can be seen that the extent of osteomy
elofibrosis and multifocal ossification after the treatment 
using G-CSF/CY was definitely higher compared to other 
methods. Furthermore, massive granulopoiesis and a sub
stantial increase in spleen weight could be observed in this 
test group, emphasizing the increased stem cell mobiliza
tion. 

The reduced CFU-C capacity of bone marrow cells after 
G-CSF/CY administration must be regarded as a result of an 
increased mobilization of progenitor cells into the blood. 
This is supported by the multiple end point analysis. 

TABLE 1 

Dosage and assignment of animals to test group 

Test groups 
Weekly dosage during Number of animals 

weeks 1 to 4 per test group 

G-CSF/CY group 

G-CSF administration sc. 
followed by 

250 //g/kg 
on 3 successive days -

(n = 8) 
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TABLE 1-continued TABLE 3-continued 

Dosage and assignment of animals to test group 

Test groups 
Weekly dosage during 

weeks 1 to 4 
Number of animals 

per test group 

CY administration ip. 
(n = 16) 

CY/G-CSF group 

CY administration ip. 
after 24 hrs followed by 
G-CSF administration 
(n = 10) 
CY group 

ip. 
(n = 10) 
Control group 

50 mg/kg 
immediately after G-CSF 
administration on the 3rd 

day 

50 mg/kg + 

250 //g/kg 
on 3 successive days 

(n = 10) 

50 mg/kg 

0.9% NaCl solution ip. 
and sc. 

(n = 5) 

(n = 5) 

(n = 5) 

5 

10 

15 

His top atho logical findings in bone 

Hyperemia 
Increased single cell necrosis 
Stimulated granulopoiesis 
Osteomyelofibrosis or 
multifocal ossification 
After 2 weeks with no 
treatment 

Fat cells 
Stimulated granulopoiesis 
Osteomyelofibrosis or 
multifocal ossification 

CY 

++ 
±0 

1.5, +++ 

(+) 
(+) 

3/5, (+)/+ 

marrow (femur) 

G-CSF/CY 

++ 
+++ 

8/8, ++/+++ 

(+) 
+/++ 

8/8, +++ 

CY/G-CSF 

+ 
+ 

++ 

(+) 
+/++ 

3.5, +/++ 

(+) = minimal 
+ = faint 
++ = moderate 

20 +++ = marked 

After 6 weeks (2 weeks with no treatment) another exami
nation was conducted in satellite groups. 

TABLE 2 

Bone marrow cell numbers (BMC) of mice after 4 weeks of treatment 
and after a 2 weeks period with no treatment 

(f = animal died untimely') 30 

Treatment group 

BMC BMC 
(x 106/femur) (x 106/femur) 

4 weeks treatment After 2 weeks without treatment 

Control 

Median value 
CY alone 

Median value 
G-CSF + CY 

Median value 
CY + G-CSF 

Median value 

13.2 
f 
8.6 

21.3 
18 
15.28 
13.6 
7.8 

13 
7.6 
2.9 
8.98 
5.6 
7.4 
0.75 
2.1 
1.6 
7.8 
0.65 
1.2 
3.39 
3.5 
3.5 
7.3 
7.9 
0.25 
4.49 

14.7 
15.9 
20.6 
18.1 
16.6 
17.18 
12.7 
8.3 
6.1 

10.3 
9.9 
9.46 
4.7 
9.5 
3.4 
0.48 
1.32 
2.2 
0.55 
0.72 
2.86 
9.4 
7.4 
3.5 
9.1 

12.5 
8.38 

TABLES 

His top atho logical findings in bone marrow ("femur) 

CY G-CSF/CY CY/G-CSF 

After 4 weeks treatment 

Cellular decline 
Fat cells 

++ 
+/++ 

(+) 
(+) 

+/++ 

TABLE 4 

25 
Histopathological findings in the spleen 

CY alone G-CSF/CY CY/G-CSF 

State after 4 weeks 
treatment 

Cellular decline 
Follicle cells 
(lymphocytes) 
Cellular decline 
Reticulum cells 
Stimulated 

. „ granulopoiesis 
Loss of follicle 
structure 
Increased single cell 
necrosis 
After 2 weeks with 
no treatment 

+/++2 

+/++ 

(+) 

40 

Stimulated 
hematopoiesis 

"""All maturity stages 
2Mainly myeloblastic cells 

45 

TABLE 5 

Spleen weight 
(f = animal died untimely) 

Spleen weight (g) after Spleen weight (g) after 
4 weeks treatment 2 weeks with no treatment Treatment group 

Control 

Median value 
CY alone 

60 

Median value 
G-CSF + CY 

65 

0.141 
f 

0.148 
0.410 
0.161 
0.215 
0.107 
0.100 
0.174 
0.082 
0.189 
0.130 
0.523 
0.448 
0.497 
0.477 
0.523 

0.135 
0.090 
0.127 
0.133 
0.150 
0.127 
0.183 
0.121 
0.235 
0.199 
0.133 
0.174 
0.194 
0.248 
0.181 
0.262 
0.219 
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TABLE 5-continued TABLE 6-contimied 

Spleen weight 
(f = animal died untimely) 

Spleen weight (g) after Spleen weight (g) after 
4 weeks treatment 2 weeks with no treatment Treatment group 

Median value 
CY + G-CSF 

Median value 

0.492 
0.483 
0.486 
0.491 
0.263 
0.218 
0.225 
0.324 
0.254 
0.257 

0.261 
0.153 
0.273 
0.224 
0.177 
0.228 
0.208 
0.218 
0.232 
0.213 

TABLE 6 

10 

15 

20 

Treatment group 

Control 

Median value 
CY alone 

Median value 
G-CSF + CY 

Leukocyte number (WBC) 
(f = animal died untimely) 

Animal 

number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0 

5.6 
10 
7 

7.6 
9.1 
8.4 
2.5 
9.5 
6.3 

6 
7.20 

4.8 
9 

8.6 
6.3 
5.3 
6.4 
6.8 
5.6 
5.8 
9.4 

6.80 
6.1 
6.8 
5.6 
4.3 
6.2 
6.2 
7.1 

8 
3 

4.6 
5.8 

5 
5.8 
6.2 

WBC (x 

1 

5.2 
6.3 
4.8 
7.6 

6 
5.1 
2.3 
7.3 
4.3 
5.9 

5.48 
2.9 
7.1 
5.9 
4.8 
4.5 

5 
4.7 
5.7 
4.7 

6 
5.13 
11.7 
12.4 
11.2 
11.7 
22.4 
12.6 
16.8 
18.6 

5.4 
18.2 
10.9 
12.7 
14.6 
10.2 

: 106M) 
Time (weeks) 

2 

9.4 
6.9 

7 
7.7 
11 

9.5 
5.3 

12.2 
8.8 
8.5 

8.63 
5 

5.3 
7.3 
6.3 
4.9 
5.1 
4.9 
4.8 
5.9 
7.1 

5.66 
27.7 
46.5 
30.3 
35.3 
62.2 
49.2 
84.8 

82 
42.7 
62.8 
29.1 
43.8 
28.8 

50 

3 

3.3 
f 

3.4 
3.9 
3.5 
6.2 

5 
8.5 
4.2 
5.9 

4.88 
7.6 
2.7 
5.2 
6.1 
8.6 
6.7 

5 
4.1 
4.1 

4 
5.41 
33.4 
43.7 

58.78 
51.4 
55.4 
84.2 

105.4 
117.6 
15.8 

69 
40 

51.9 
33.4 
36.8 

4 

6.6 
f 

6.8 
7.7 
6.3 
7.5 
5.7 

13.7 
10.1 

8 
8.04 

4 
2.8 

7 
4.8 
2.9 
4.1 
3.6 
3.7 
7.1 
2.8 

4.28 
39.4 
30.5 
40.6 
40.7 
66.7 
85.4 

102.3 
70.1 
33.3 
33.2 
33.5 
28.1 

20 
45.4 

6 

f 
— 

— 
4.5 

3 
7.8 
4.5 
6.4 

5.24 

— 
— 
— 
— 
— 
3.6 
3.2 
4.6 
5.9 
5.9 

4.64 

— 
— 
— 
— 
— 
— 
— 
— 
2 2 
3.9 
2.7 
6.4 
4.6 
3.6 

25 

30 

35 

40 

45 

50 

55 

Treatment group 

Median value 
CY + G-CSF 

Median value 

Leukocyte number (WBC) 

(t = 

Animal 

number 

15 
16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

animal died untimely) 

0 

8.6 
5.9 

6.00 
6.7 
9.1 
9.1 
6.9 
6.3 
9.6 
6.6 
6.1 

10.3 
8.2 

7.89 

-
WBC (x 10 V 

1 

20.2 
12.8 

14.04 
6.1 
7.1 

11.1 
5.2 
3.9 
8.3 
6.3 
4.4 
7.6 
6.5 

6.65 

Time (weeks) 

2 

30 
26.8 

48.08 
6.9 

11.08 
4.5 

10.4 
7 
5 

8.6 
5.4 
4.8 
5.4 

6.91 

3 

36.2 
45.5 

55.16 
9.5 

11.6 
9.6 

16.6 

# 
6.9 
7.1 
3.8 
4.2 
6.2 

8.39 

) 

4 

25.3 
54.8 

44.60 
12.68 

3.78 
5.9 

5 
11.6 
4.1 
7.5 

3.18 
6.2 
4.3 

6.42 

6 

5.2 
4.9 

4.19 

— 
— 
— 
— 
— 
4.6 
4.2 
2.4 
3.7 
3.2 

3.62 

What is claimed is: 
1. Amethod of treating a disease requiring peripheral stem 

cell transplantation in a patient in need of such treatment, 
comprising administering to the patient a hematopoietic 
stem cell mobilizing-effective amount of G-CSF; and there
after administering to the patient a disease treating-effective 
amount of at least one chemotherapeutic agent. 

2. The method of claim 1, wherein the disease is a tumor 
disease. 

3. The method of claim 1, wherein the G-CSF is recom
binant G-CSF. 

4. The method of claim 1, wherein the at least one 
chemotherapeutic agent opens the endothelial barrier of the 
patient to render the endothelial barrier permeable for stem 
cells. 

5. The method of claim 1, wherein the at least one 
chemotherapeutic agent is cyclophosphamide. 

6. The method of claim 1, wherein the G-CSF is admin
istered once per day over 2-3 consecutive days, and the 
chemotherapeutic agent is administered immediately after 
the final administration of G-CSF, or on a fourth consecutive 
day. 

7. A pharmaceutical kit, comprising 

a first component comprising G-CSF; 

a second component comprising at least one chemothera
peutic agent; and 

a third component comprising instructions for the admin
istration of the G-CSF prior to the onset of adminis
tration of the at least one chemotherapeutic agent. 
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BIOSIMILAR BIOLOGICAL PRODUCT 1 

AUTHORIZATION PERFORMANCE GOALS AND 2 

PROCEDURES FISCAL YEARS 2013 THROUGH 3 

2017 4 

FDA proposes the following goals contingent on the allocation of resources for each of the fiscal 5 
years 2013-2017 of at least the inflation-adjusted value of $20 million in non-user fee funds, plus 6 
collections of biosimilar user fees, to support the process for the review of biosimilar biological 7 
applications.  8 

I.  REVIEW PERFORMANCE GOALS 9 

A. Biosimilar Biological Product Application Submissions and Resubmissions 10 

B. Supplements with Clinical Data 11 

C. Original Manufacturing Supplements 12 

D. Goals Summary Tables 13 

II. FIRST CYCLE REVIEW PERFORMANCE 14 

A. Notification of Issues Identified during the Filing Review 15 

B. Notification of Planned Review Timelines 16 

III. REVIEW OF PROPRIETARY NAMES TO REDUCE MEDICATION ERRORS 17 

A. Review Performance Goals – Biosimilar Biological Product Proprietary Names 18 

IV. MAJOR DISPUTE RESOLUTION 19 

A. Procedure 20 

B. Performance goal 21 

C. Conditions 22 

V. CLINICAL HOLDS 23 

A. Procedure 24 

B. Performance goal 25 

VI. SPECIAL PROTOCOL ASSESSMENT 26 
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A. Procedure 27 

B. Performance goal 28 

C. Reporting 29 

VII. MEETING MANAGEMENT GOALS 30 

A. Responses to Meeting Requests 31 

B. Scheduling Meetings 32 

C. Meeting Minutes 33 

D. Conditions 34 

VIII. DEFINITIONS AND EXPLANATION OF TERMS 35 
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BIOSIMILAR BIOLOGICAL PRODUCT AUTHORIZATION PERFORMANCE 36 
GOALS AND PROCEDURES FOR FISCAL YEARS 2013 THROUGH 2017 37 

The performance goals and procedures of the FDA Center for Drug Evaluation and Research 38 
(CDER) and the Center for Biologics Evaluation and Research (CBER), as agreed to under the 39 
authorization of the biosimilar biological product user fee program are summarized below. 40 

I. REVIEW PERFORMANCE GOALS 41 

A.  Biosimilar Biological Product Application Submissions and Resubmissions 42 

FY 2013 43 
1. Review and act on 70 percent of original biosimilar biological product 44 

application submissions within 10 months of receipt.  45 
 46 

2. Review and act on 70 percent of resubmitted original biosimilar biological 47 
product applications within 6 months of receipt. 48 

 49 
 50 

FY 2014 51 
1. Review and act on 70 percent of original biosimilar biological product 52 

application submissions within 10 months of receipt.  53 
 54 

2. Review and act on 70 percent of resubmitted original biosimilar biological 55 
product applications within 6 months of receipt. 56 

 57 
 58 
FY 2015 59 

1. Review and act on 80 percent of original biosimilar biological product 60 
application submissions within 10 months of receipt.  61 

 62 
2. Review and act on 80 percent of resubmitted original biosimilar biological 63 

product applications within 6 months of receipt. 64 
 65 

 66 
FY 2016 67 

1. Review and act on 85 percent of original biosimilar biological product 68 
application submissions within 10 months of receipt.  69 

 70 
2. Review and act on 85 percent of resubmitted original biosimilar biological 71 

product applications within 6 months of receipt. 72 
 73 

 74 
FY 2017 75 

1. Review and act on 90 percent of original biosimilar biological product 76 
application submissions within 10 months of receipt.  77 

 78 
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2. Review and act on 90 percent of resubmitted original biosimilar biological 79 
product applications within 6 months of receipt. 80 

 81 

B. Supplements with Clinical Data 82 

1. Review and act on 90 percent of original supplements with clinical data within 83 
10 months of receipt. 84 

2. Review and act on 90 percent of resubmitted supplements with clinical data 85 
within 6 months of receipt. 86 

C. Original Manufacturing Supplements 87 

1. Review and act on 90 percent of manufacturing supplements within 6 months 88 
of receipt.  89 

D. Goals Summary Tables 90 

Original and Resubmitted Applications and Supplements 91 

SUBMISSION 
COHORT 

PERFORMANCE GOAL 

2013 2014 2015 2016 2017 

Original Biosimilar 
Biological Product 

Application 
Submissions 

70% in 10 
months of 
the receipt 

date 

70% in 10 
months of 
the receipt 

date 

80% in 10 
months of 
the receipt 

date 

85% in 10 
months of 
the receipt 

date 

90% in 10 
months of the 
receipt date 

Resubmitted Original 
Biosimilar Biological 
Product Applications 

70% in 6 
months of 
the receipt 

date 

70% in 6 
months of 
the receipt 

date 

80% in 6 
months of 
the receipt 

date 

85% in 6 
months of 
the receipt 

date 

90% in 6 
months of the 
receipt date 

 92 

Original Supplements with 
Clinical Data 

90% in 10 months of the receipt date 

Resubmitted Supplements 
with Clinical Data 

90% in 6 months of the receipt date 

Manufacturing Supplements 90% in 6 months of the receipt date 

 93 
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II. FIRST CYCLE REVIEW PERFORMANCE 94 

A. Notification of Issues Identified during the Filing Review  95 

1. Performance Goal: For original biosimilar biological product applications and 96 
supplements with clinical data, FDA will report substantive review issues 97 
identified during the initial filing review to the applicant by letter, 98 
teleconference, facsimile, secure e-mail, or other expedient means. 99 

2. The timeline for such communication will be within 74 calendar days from the 100 
date of FDA receipt of the original submission. 101 

3. If no substantive review issues were identified during the filing review, FDA 102 
will so notify the applicant. 103 

4. FDA's filing review represents a preliminary review of the application and is 104 
not indicative of deficiencies that may be identified later in the review cycle. 105 

5. FDA will notify the applicant of substantive review issues prior to the goal 106 
date for 90% of applications. 107 

B. Notification of Planned Review Timelines 108 

1. Performance Goal: For original biosimilar biological product applications and 109 
supplements with clinical data, FDA will inform the applicant of the planned 110 
timeline for review of the application. The information conveyed will include 111 
a target date for communication of feedback from the review division to the 112 
applicant regarding proposed labeling, postmarketing requirements, and 113 
postmarketing commitments the Agency will be requesting. 114 

2. The planned review timeline will be included with the notification of issues 115 
identified during the filing review, within 74 calendar days from the date of 116 
FDA receipt of the original submission. 117 

3. The planned review timelines will be consistent with the Guidance for Review 118 
Staff and Industry: Good Review Management Principles and Practices for 119 
PDUFA Products (GRMPs), taking into consideration the specific 120 
circumstances surrounding the individual biosimilar biological product 121 
application. 122 

4. The planned review timeline will be based on the application as submitted. 123 

5. FDA will inform the applicant of the planned review timeline for 90% of all 124 
applications and supplements with clinical data. 125 

6. In the event FDA determines that significant deficiencies in the application 126 
preclude discussion of labeling, postmarketing requirements, or postmarketing 127 
commitments by the target date identified in the planned review timeline (e.g., 128 
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failure to demonstrate a biosimilar biological product is highly similar to the 129 
reference product, significant safety concern(s), need for a new study(ies) or 130 
extensive re-analyses of existing data before approval), FDA will 131 
communicate this determination to the applicant in accordance with GRMPs 132 
and no later than the target date. In such cases the planned review timeline 133 
will be considered to have been met. Communication of FDA’s determination 134 
may occur by letter, teleconference, facsimile, secure e-mail, or other 135 
expedient means.  136 

7. To help expedite the development of biosimilar biological products, 137 
communication of the deficiencies identified in the application will generally 138 
occur through issuance of a discipline review (DR) letter(s) in advance of the 139 
planned target date for initiation of discussions regarding labeling, 140 
postmarketing requirements, and postmarketing commitments the Agency 141 
may request. 142 

8. If the applicant submits a major amendment(s) (refer to Section VIII.B for 143 
additional information on major amendments) and the review division chooses 144 
to review such amendment(s) during that review cycle, the planned review 145 
timeline initially communicated (under Section II.B.1 and 2) will generally no 146 
longer be applicable. Consistent with the underlying principles articulated in 147 
the GRMP guidance, FDA’s decision to extend the review clock should, 148 
except in rare circumstances, be limited to occasions where review of the new 149 
information could address outstanding deficiencies in the application and lead 150 
to approval in the current review cycle.   151 

• If the review division determines that the major amendment will 152 
result in an extension of the biosimilar biological product review 153 
clock, the review division will communicate to the applicant at the 154 
time of the clock extension a new planned review timeline, 155 
including a new review timeline for communication of feedback on 156 
proposed labeling, postmarketing requirements, and any 157 
postmarketing commitments the Agency may request.   158 

• In the rare case where the review division determines that the 159 
major amendment will not result in an extension of the biosimilar 160 
biological product review clock, the review division may choose to 161 
retain the previously communicated planned review timeline or 162 
may communicate a new planned review timeline to the applicant.  163 

• The division will notify the applicant promptly of its decision 164 
regarding review of the major amendment(s) and whether the 165 
planned review timeline is still applicable.   166 

III. REVIEW OF PROPRIETARY NAMES TO REDUCE MEDICATION ERRORS 167 
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To enhance patient safety, FDA will utilize user fees to implement various measures to 168 
reduce medication errors related to look-alike and sound-alike proprietary names and such 169 
factors as unclear label abbreviations, acronyms, dose designations, and error prone label 170 
and packaging design. 171 

A. Review Performance Goals – Biosimilar Biological Product Proprietary Names 172 

1. Proprietary names submitted during the biosimilar biological product 173 
development (BPD) phase  174 

a)  Review 90% of proprietary name submissions filed within 180 days of 175 
receipt.  Notify sponsor of tentative acceptance or non-acceptance. 176 

b)  If the proprietary name is found to be unacceptable, the sponsor can 177 
request reconsideration by submitting a written rebuttal with supporting 178 
data or request a meeting within 60 days to discuss the initial decision 179 
(meeting package required). 180 

c)  If the proprietary name is found to be unacceptable, the above review 181 
performance goals also would apply to the written request for 182 
reconsideration with supporting data or the submission of a new 183 
proprietary name. 184 

d)  A complete submission is required to begin the review clock. 185 

2. Proprietary names submitted with biosimilar biological product application 186 

a)  Review 90% of biosimilar biological product application proprietary name 187 
submissions filed within 90 days of receipt.  Notify sponsor of tentative 188 
acceptance/non-acceptance. 189 

b)  A supplemental review will be done meeting the above review 190 
performance goals if the proprietary name has been submitted previously 191 
(during the BPD phase) and has received tentative acceptance. 192 

c)  If the proprietary name is found to be unacceptable, the sponsor can 193 
request reconsideration by submitting a written rebuttal with supporting 194 
data or request a meeting within 60 days to discuss the initial decision 195 
(meeting package required). 196 

d)  If the proprietary name is found to be unacceptable, the above review 197 
performance goals apply to the written request for reconsideration with 198 
supporting data or the submission of a new proprietary name. 199 

e)  A complete submission is required to begin the review clock. 200 

IV. MAJOR DISPUTE RESOLUTION 201 
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A. Procedure: For procedural or scientific matters involving the review of biosimilar 202 
biological product applications and supplements (as defined in BsUFA) that cannot be 203 
resolved at the signatory authority level (including a request for reconsideration by the 204 
signatory authority after reviewing any materials that are planned to be forwarded with an 205 
appeal to the next level), the response to appeals of decisions will occur within 30 206 
calendar days of the Center’s receipt of the written appeal. 207 

B. Performance goal: 90% of such answers are provided within 30 calendar days of the 208 
Center’s receipt of the written appeal. 209 

C. Conditions: 210 

1. Sponsors should first try to resolve the procedural or scientific issue at the 211 
signatory authority level.  If it cannot be resolved at that level, it should be 212 
appealed to the next higher organizational level (with a copy to the signatory 213 
authority) and then, if necessary, to the next higher organizational level. 214 

2. Responses should be either verbal (followed by a written confirmation within 215 
14 calendar days of the verbal notification) or written and should ordinarily be 216 
to either grant or deny the appeal. 217 

3. If the decision is to deny the appeal, the response should include reasons for 218 
the denial and any actions the sponsor might take to persuade the Agency to 219 
reverse its decision. 220 

4. In some cases, further data or further input from others might be needed to 221 
reach a decision on the appeal.  In these cases, the “response” should be the 222 
plan for obtaining that information (e.g., requesting further information from 223 
the sponsor, scheduling a meeting with the sponsor, scheduling the issue for 224 
discussion at the next scheduled available advisory committee). 225 

5. In these cases, once the required information is received by the Agency 226 
(including any advice from an advisory committee), the person to whom the 227 
appeal was made, again has 30 calendar days from the receipt of the required 228 
information in which to either deny or grant the appeal. 229 

6. Again, if the decision is to deny the appeal, the response should include the 230 
reasons for the denial and any actions the sponsor might take to persuade the 231 
Agency to reverse its decision. 232 

7. Note: If the Agency decides to present the issue to an advisory committee and 233 
there are not 30 days before the next scheduled advisory committee, the issue 234 
will be presented at the following scheduled committee meeting to allow 235 
conformance with advisory committee administrative procedures. 236 

V. CLINICAL HOLDS 237 
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A. Procedure: The Center should respond to a sponsor’s complete response to a clinical 238 
hold within 30 days of the Agency’s receipt of the submission of such sponsor response. 239 

B. Performance goal: 90% of such responses are provided within 30 calendar days of 240 
the Agency’s receipt of the sponsor’s response. 241 

VI. SPECIAL PROTOCOL QUESTION ASSESSMENT AND AGREEMENT 242 

A. Procedure: Upon specific request by a sponsor (including specific questions that the 243 
sponsor desires to be answered), the Agency will evaluate certain protocols and related 244 
issues to assess whether the design is adequate to meet scientific and regulatory 245 
requirements identified by the sponsor. 246 

1. The sponsor should submit a limited number of specific questions about the 247 
protocol design and scientific and regulatory requirements for which the 248 
sponsor seeks agreement (e.g., are the clinical endpoints adequate to assess 249 
whether there are clinically meaningful differences between the proposed 250 
biosimilar biological product and the reference product). 251 

2. Within 45 days of Agency receipt of the protocol and specific questions, the 252 
Agency will provide a written response to the sponsor that includes a succinct 253 
assessment of the protocol and answers to the questions posed by the sponsor. 254 
If the Agency does not agree that the protocol design, execution plans, and 255 
data analyses are adequate to achieve the goals of the sponsor, the reasons for 256 
the disagreement will be explained in the response. 257 

3. Protocols that qualify for this program include any necessary clinical study or 258 
studies to prove biosimilarity and/or interchangeability (e.g., protocols for 259 
comparative clinical trials that will form the primary basis for demonstrating 260 
that there are no clinically meaningful differences between the proposed 261 
biosimilar biological product and the reference product, and protocols for 262 
clinical trials intended to support a demonstration of interchangeability).  For 263 
such protocols to qualify for this comprehensive protocol assessment, the 264 
sponsor must have had a BPD Type 2 or 3 Meeting, as defined in section VIII 265 
(F and G), below, with the review division so that the division is aware of the 266 
developmental context in which the protocol is being reviewed and the 267 
questions being answered. 268 

4. If a protocol is reviewed under the process outlined above, and agreement 269 
with the Agency is reached on design, execution, and analyses, and if the 270 
results of the trial conducted under the protocol substantiate the hypothesis of 271 
the protocol, the Agency agrees that the data from the protocol can be used as 272 
part of the primary basis for approval of the product.  The fundamental 273 
agreement here is that having agreed to the design, execution, and analyses 274 
proposed in protocols reviewed under this process, the Agency will not later 275 
alter its perspective on the issues of design, execution, or analyses unless 276 
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public health concerns unrecognized at the time of protocol assessment under 277 
this process are evident. 278 

B. Performance goal:  279 

For FY 2013, 70% of special protocols assessments and agreement requests 280 
completed and returned to sponsor within timeframes. 281 

For FY 2014, 70% of special protocols assessments and agreement requests 282 
completed and returned to sponsor within timeframes. 283 

For FY 2015, 80% of special protocols assessments and agreement requests 284 
completed and returned to sponsor within timeframes. 285 

For FY 2016, 85% of special protocols assessments and agreement requests 286 
completed and returned to sponsor within timeframes. 287 

For FY 2017, 90% of special protocols assessments and agreement requests 288 
completed and returned to sponsor within timeframes.    289 

C. Reporting: The Agency will track and report the number of original special protocol 290 
assessments and resubmissions per original special protocol assessment. 291 

VII. MEETING MANAGEMENT GOALS 292 

A. Responses to Meeting Requests 293 

1. Procedure: Within 14 calendar days of the Agency’s receipt of a request and 294 
meeting package from industry for a BPD Type 1 Meeting, or within 21 295 
calendar days of the Agency’s receipt of a request and meeting package from 296 
industry for a Biosimilar Initial Advisory Meeting or a BPD Type 2, 3, or 4 297 
Meeting, as defined in section VIII(D-H), below, CBER and CDER should 298 
notify the requester in writing of the date, time, place, and format (i.e., a 299 
scheduled face-to-face, teleconference, or videoconference) for the meeting, 300 
as well as expected Center participants.   301 

2. Performance Goal: FDA will provide this notification within 14 days for 90 302 
percent of BPD Type 1 Meeting requests and within 21 days for 90 percent of 303 
Biosimilar Initial Advisory Meeting and BPD Type 2, 3 and 4 Meeting 304 
requests. 305 

B. Scheduling Meetings 306 

1. Procedure: The meeting date should reflect the next available date on which 307 
all applicable Center personnel are available to attend, consistent with the 308 
component’s other business; however, the meeting should be scheduled 309 
consistent with the type of meeting requested.  310 
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a) Biosimilar Initial Advisory Meeting should occur within 90 calendar days 311 
of the Agency receipt of the sponsor-submitted meeting request and 312 
meeting package. 313 

b) BPD Type 1 Meetings should occur within 30 calendar days of the 314 
Agency receipt of the sponsor-submitted meeting request and meeting 315 
package. 316 

c) BPD Type 2 Meetings should occur within 75 calendar days of the 317 
Agency receipt of the sponsor-submitted meeting request and meeting 318 
package. 319 

d) BPD Type 3 Meetings should occur within 120 calendar days of the 320 
Agency receipt of the sponsor-submitted meeting request and meeting 321 
package. 322 

e) BPD Type 4 Meetings should occur within 60 calendar days of the 323 
Agency receipt of the sponsor-submitted meeting request and meeting 324 
package. 325 

2. Performance goal:   326 

For FY 2013, 70% of Biosimilar Initial Advisory Meetings and BPD Type 1-4 327 
Meetings are held within the timeframe. 328 

For FY 2014, 70% of Biosimilar Initial Advisory Meetings and BPD Type 1-4 329 
Meetings are held within the timeframe. 330 

For FY 2015, 80% of Biosimilar Initial Advisory Meetings and BPD Type 1-4 331 
Meetings are held within the timeframe. 332 

For FY 2016, 85% of Biosimilar Initial Advisory Meetings and BPD Type 1-4 333 
Meetings are held within the timeframe. 334 

For FY 2017, 90% of Biosimilar Initial Advisory Meetings and BPD Type 1-4 335 
Meetings are held within the timeframe.      336 

C. Meeting Minutes 337 

1. Procedure: The Agency will prepare minutes which will be available to the 338 
sponsor 30 calendar days after the meeting. The minutes will clearly outline 339 
the important agreements, disagreements, issues for further discussion, and 340 
action items from the meeting in bulleted form and need not be in great detail.   341 

2. Performance Goal: FDA will provide meeting minutes within 30 days of the 342 
date of the meeting for 90 percent of Biosimilar Initial Advisory Meetings and 343 
BPD Type 1-4 Meetings. 344 
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D. Conditions 345 
For a meeting to qualify for these performance goals: 346 

1. A written request (letter or fax) and supporting documentation (i.e., the 347 
meeting package) should be submitted to the appropriate review division or 348 
office.  The request should provide: 349 

a) A brief statement of the purpose of the meeting, the sponsor’s proposal 350 
for the type of meeting, and the sponsor’s proposal for a face-to-face 351 
meeting or a teleconference; 352 

b) A listing of the specific objectives/outcomes the requester expects 353 
from the meeting; 354 

c) A proposed agenda, including estimated times needed for each agenda 355 
item; 356 

d) A list of questions, grouped by discipline. For each question there 357 
should be a brief explanation of the context and purpose of the question. 358 

e) A listing of planned external attendees; and 359 

f) A listing of requested participants/disciplines representative(s) from 360 
the Center. 361 

g) Suggested dates and times (e.g., morning or afternoon) for the meeting 362 
that are within or beyond the appropriate time frame of the meeting type 363 
being requested. 364 

2. The Agency concurs that the meeting will serve a useful purpose (i.e., it is not 365 
premature or clearly unnecessary). However, requests for BPD Type 2, 3 and 366 
4 Meetings will be honored except in the most unusual circumstances. 367 

The Center may determine that a different type of meeting is more appropriate 368 
and it may grant a meeting of a different type than requested, which may 369 
require the payment of a biosimilar biological product development fee as 370 
described in section 744B of the Federal Food, Drug, and Cosmetic Act before 371 
the meeting will be provided.  If a biosimilar biological product development 372 
fee is required under section 744B, and the sponsor does not pay the fee 373 
within the time frame required under section 744B, the meeting will be 374 
cancelled.  If the sponsor pays the biosimilar biological product development 375 
fee after the meeting has been cancelled due to non-payment, the time frame 376 
described in section VII.A.1 will be calculated from the date on which FDA 377 
received the payment, not the date on which the sponsor originally submitted 378 
the meeting request. 379 

Case3:14-cv-04741   Document1-9   Filed10/24/14   Page13 of 15



 
 

 13 

Sponsors are encouraged to consult FDA to obtain further information on 380 
recommended meeting procedures. 381 

3. FDA will develop and publish for comment draft guidance on Biosimilar 382 
Initial Advisory Meetings and BPD Type 1-4 Meetings by end of second 383 
quarter of FY 2014.  384 

VIII. DEFINITIONS AND EXPLANATION OF TERMS 385 

A. The term “review and act on” means the issuance of a complete action letter after the 386 
complete review of a filed complete application. The action letter, if it is not an approval, 387 
will set forth in detail the specific deficiencies and, where appropriate, the actions 388 
necessary to place the application in condition for approval. 389 

B. Goal Date Extensions for Major Amendments 390 

1. A major amendment to an original application, supplement with clinical data, 391 
or resubmission of any of these applications, submitted at any time during the 392 
review cycle, may extend the goal date by three months.  393 

2. A major amendment may include, for example, a major new clinical 394 
safety/efficacy study report; major re-analysis of previously submitted 395 
study(ies); submission of a risk evaluation and mitigation strategy (REMS) 396 
with elements to assure safe use (ETASU) not included in the original 397 
application; or significant amendment to a previously submitted REMS with 398 
ETASU.  Generally, changes to REMS that do not include ETASU and minor 399 
changes to REMS with ETASU will not be considered major amendments. 400 

3. A major amendment to a manufacturing supplement submitted at any time 401 
during the review cycle may extend the goal date by two months.  402 

4. Only one extension can be given per review cycle. 403 

5. Consistent with the underlying principles articulated in the GRMP guidance, 404 
FDA’s decision to extend the review clock should, except in rare 405 
circumstances, be limited to occasions where review of the new information 406 
could address outstanding deficiencies in the application and lead to approval 407 
in the current review cycle. 408 

C. A resubmitted original application is a complete response to an action letter 409 
addressing all identified deficiencies. 410 

D. A Biosimilar Initial Advisory Meeting is an initial assessment limited to a general 411 
discussion regarding whether licensure under section 351(k) of the Public Health Service 412 
Act may be feasible for a particular product, and, if so, general advice on the expected 413 
content of the development program.  Such term does not include any meeting that 414 
involves substantive review of summary data or full study reports. 415 
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E. A BPD Type 1 Meeting is a meeting which is necessary for an otherwise stalled drug 416 
development program to proceed (e.g. meeting to discuss clinical holds, dispute 417 
resolution meeting), a special protocol assessment meeting, or a meeting to address an 418 
important safety issue. 419 

F. A BPD Type 2 Meeting is a meeting to discuss a specific issue (e.g., proposed study 420 
design or endpoints) or questions where FDA will provide targeted advice regarding an 421 
ongoing biosimilar biological product development program.  Such term includes 422 
substantive review of summary data, but does not include review of full study reports. 423 

G. A BPD Type 3 Meeting is an in depth data review and advice meeting regarding an 424 
ongoing biosimilar biological product development program.  Such term includes 425 
substantive review of full study reports, FDA advice regarding the similarity between the 426 
proposed biosimilar biological product and the reference product, and FDA advice 427 
regarding additional studies, including design and analysis.  428 

H. A BPD Type 4 Meeting is a meeting to discuss the format and content of a biosimilar 429 
biological product application or supplement submitted under 351(k) of the PHS Act. 430 
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SIDLEY AUSTIN LLP 
Vernon M. Winters (SBN 130128)  
555 California Street, Suite 2000  
San Francisco, CA 94104-1503 
Telephone: (415) 772-1200 
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