
Dear Colleagues: 
 
Our conference paper will examine whether patent thickets in pharmaceuticals affect the 
timing or extent of generic entry. Pharmaceuticals is typically classified as a “discrete 
product” industry, in which a single patent covers a single product. The starting point for 
our paper is that this label is an increasingly poor fit. In Europe, a recent sector report 
prepared by the Directorate General for Competition found a dramatic rise in the number 
of patents per drug, with some individual drugs having dozens of patents. Our previous 
work traces a similar rise in the United States. This increase has led to growing concern 
about drug patent thickets. Brand-name firms have allegedly sought increasing recourse 
to ancillary patents to protect their market positions, including patents on chemical 
variants, alternative formulations, methods of use, and relatively minor aspects of the 
drug. As in other sectors, the worry is that these thickets can create uncertainty for 
potential entrants and delay competition. 
 
While we won't have a paper ready for the pre-conference, the attached paper gives a 
sense of our approach and work so far. The paper reports a sharp rise in patents per 
drug in the United States over the past quarter century. We also examine how the 
number of patents on a drug, and other characteristics of drug patent portfolios, affect 
whether (and when) a drug draws a “Paragraph IV” patent challenge by a competing 
generic drug maker. (These patent challenges are a legal mechanism by which generic 
drug makers challenge the patents of brand-name drug makers as a means to secure 
early market entry.) 
 
For the conference paper, we plan to use the same dataset and empirical approach to 
examine the effects of the number of patents on the timing of generic entry. As in the 
background paper, we will separately identify a thicket effect, reflecting the number of 
patents on a drug, and an “evergreening” effect, which reflects incremental market life 
created by later-expiring patents. 
  
The opportunity for both thickets and evergreening is set in part by the FDA, in the 
standard it establishes for which patents may be “listed” as pertinent to a particular 
brand-name drug. The FDA deems only certain types of patents to be sufficiently 
pertinent to be included in the Orange Book, an FDA document that records the set of 
pertinent patents. Orange Book listing has important consequences, including reducing 
uncertainty about the patent landscape for a particular drug. However, not all patents are 
listed on the Orange Book: method of manufacture patents, in particular, are excluded. 
For example, while Merckʼs lucrative statin Zocor had only 3 Orange Book-listed patents, 
326 patents with the word “simvastatin” in their claims have been issued by the US 
Patent and Trademark Office, 43 of which are owned by Merck. 
 
Non-Orange Book patents may be a significant source of thickets. Since there is no 
“official” listing of these patents, they are less apparent. Moreover, their absence from 
the Orange Book may create uncertainty for a generic firm about whether a proposed 
generic drug infringes any non-Orange Book patent. In this respect, non-Orange Book 
patents potentially create problems analogous to the traditional thicket concerns in, for 
example, the information, communications, and semiconductor industries. 
  
The conference paper will also go beyond previous work on brand-generic competition in 



pharmaceuticals and examine whether patents not listed on the Orange Book deter or 
delay generic drug competition in the United States. We will then determine the extent to 
which these patents are actually asserted in generic patent litigation, and whether they—
by this or another means—have the effect of deterring entry. One goal is to determine 
whether these patents lead to less generic entry than we would expect by observing only 
the Orange Book-listed patents, sales, and other observable drug characteristics. 
 
At the pre-conference, we plan to present some initial results about the effects of patent 
portfolios on generic entry, and to  discuss some opreliminary data about non-Orange 
Book patents. 
 
We look forward to your feedback, and to seeing you soon.  
 
Sincerely 
 
Scott Hemphill 
Bhaven Sampat 
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II. The Regulatory Regime for Pre-Expiration Challenges 
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Additional Analyses 
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%&1'8&.!G&8!'8)12C!-1!C0.)CP!E,-%,!08)!08AB0D.H!*&8)!+8)2-%'-4)!&G!GB'B8)!+8&G-'C!',01!+&-1'=-1='-*)!

C0.)C!G-AB8)C#!!
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VI. Discussion and Conclusion 
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-1G)88)2! ',0'! ',)! %,0..)1A)! &%%B88)2! 2B8-1A! ',0'! +)8-&2! G8&*! ',)! G0%'C! ',0'! ',)! 28BA! D)%0*)!

).-A-D.)! G&8! %,0..)1A)! -1!9:::!&8! .0')8P! 012!E0C!1&'! %,0..)1A)2!2B8-1A! ',)! 801A)! G&8!E,-%,!E)!

,04)!*&8)! 2)'0-.)2! 20'0! a@BABC'! 9:::! '&! +8)C)1'd#!@! C-*-.08! 0++8&0%,! 0..&EC! BC! '&! 2)')8*-1)!

E,)',)8!0!28BA!E0C!%,0..)1A)2!E-',-1!',)!&1)=H)08!E-12&E!&8!',8))=H)08!E-12&EP!0C!2)C%8-D)2!

-1!J08'!KKK#!

Determining the date of challenge eligibility. K1! &B8! 8)A8)CC-&1! 010.HC)CP! E)! )?0*-1)!

28BAC! ',0'! G-8C'! D)%0*)! ).-A-D.)! G&8! %,0..)1A)! D)'E))1! 9:::! 012! 9::e#! @! N)H! 2-C'-1%'-&1! -C!

D)'E))1!5"XC!012!1&1=5"XC#!5"XC!08)!28BAC!G&8!E,-%,!1&!I0%'-4)!*&-)'HM`8&BA,.H!C+)0N-1AP!

01! 0%'-4)! -1A8)2-)1'`,0C! D))1! 0++8&4)2! DH! ',)! WR@#! 5"XC! 8)%)-4)! C+)%-0.! 8)AB.0'&8H!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;b!<,)!WR@!8)0%,)2!',-C!%&1%.BC-&1!-1!9::i!aWR@!9::iDdP!012!',-C!4-)E!E0C!%&2-G-)2!DH!C'0'B')!.0')8!',0'!

H)08#! l! iffaQdafda3da4-daKd! aC,08-1A! )?%.BC-4-'H! 0*&1A! G-8C'! 0++.-%01'CdT! l! iffaQdafda3da-4daKKdaDDd! a2)G-1-1A! G-8C'!
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)?%.BC-4-'HP! *B.'-+.)! A)1)8-%! G-8*CP! )0%,! G-8C'! '&! 0! G-.)! 0! J080A80+,! KL! %)8'-G-%0'-&1! G&8! 0! 2-GG)8)1'! +0')1'P! %&B.2!
+&')1'-0..H!C,08)!-1!',)!)?%.BC-4-'H#!<,-C!-1')8+8)'0'-&1P!E,-%,!0++.-)C!'&!0!CBDC'01'-0.!1B*D)8!&G!28BACP!E0C!)12)2!DH!
0!C'0'B'&8H!%,01A)!-1!R)%)*D)8!9::i#!
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!
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C&*)'-*)C! 8)G)88)2! '&! 0C! IG-4)=H)08! )?%.BC-4-'HPM! DB'! ',)! +)8-&2! -C! C,&8')8! -1! ',)! %0C)! &G! 0!

J080A80+,! KL! %)8'-G-%0'-&1#! 9;!F#$#"#! l! iffaQdafdaWda--d#d! W&8! )?0*+.)P! U0\02H1)! '0D.)'C! E)8)!

G-8C'! 0++8&4)2!DH! ',)!WR@! -1!W)D8B08H!9::;#!<,-C!E0C! ',)! G-8C'! 0++8&40.! G&8! ',)!28BASC!0%'-4)!

-1A8)2-)1'P! A0.01'0*-1)! ,H28&D8&*-2)P! C&!U0\02H1)! '0D.)'C! 08)! G-8C'! 040-.0D.)! G&8! %,0..)1A)! -1!

W)D8B08H! 9::f#! <,BCP! &B8! 20'0C)'! -1%.B2)C!5"XC! 0++8&4)2! D)'E))1! ;cck! 012! 9::j#!@1!5"X!

0++8&4)2! -1! ;cck! -C! ).-A-D.)! G&8! %,0..)1A)! -1! 9:::#!@1!5"X! 0++8&4)2! -1! 9::f! &8! .0')8! -C! 1&'!

).-A-D.)!G&8!%,0..)1A)!B1'-.!9::c!&8!.0')8P!012!-C!&*-'')2!G8&*!&B8!20'0# 

! 7&C'! 1&1=5"X! 28BAC! 08)! ).-A-D.)! G&8! %,0..)1A)! 0C! C&&1! 0C! ',)! 28BA! -C! 0++8&4)2#;e!@1!

)?%)+'-&1! -C! 28BAC! ',0'! %&1'0-1! 01! 0%'-4)! -1A8)2-)1'! A-4-1A! 8-C)! '&!5"X!+8&')%'-&1P!E,-%,! 0.C&!

8)%)-4)! E,0')4)8! -C! .)G'! &G! ',)! G&B8! H)08C! &G! +8&')%'-&1#! W&8! )?0*+.)P! 01! )?')12)2=8).)0C)!

G&8*B.0'-&1!&G!A0.01'0*-1)!,H28&D8&*-2)P!U0\02H1)!XUP!E0C!0++8&4)2!-1!R)%)*D)8!9::j#!<,0'!

28BAP!.-N)!U0\02H1)!'0D.)'CP!D)%0*)!).-A-D.)!G&8!%,0..)1A)!C'08'-1A!-1!W)D8B08H!9::f#!

! R).0H)2! ).-A-D-.-'H! -C! 0.C&! ',)! 8)CB.'P! B12)8! 0! ,-A,.H! B1BCB0.! G&8*B.0P! G&8! %)8'0-1!

01'-D-&'-%C#! J8-&8! '&! ;ccbP! ',)! WR@! 0++8&4)2! 01'-D-&'-%C! B12)8! 0! C+)%-0.! 8)A-*)! ',0'! 2-2! 1&'!

-1%.B2)! +0')1'! .-C'-1A! &8! J080A80+,! KL! %,0..)1A)C#! @! C'0'B'&8H! %,01A)! -1! ',0'! H)08! CBDQ)%')2!

01'-D-&'-%C!'&!',)!8)AB.08!+8&%)2B8)!&1!0!A&-1A!G&8E082!D0C-CP!DB'!)?)*+')2!I&.2!01'-D-&'-%CPM!',0'!

-CP! 28BAC! %&1'0-1-1A! 01! 0%'-4)! -1A8)2-)1'! ',0'! ,02! D))1! 0++.-)2! G&8! B12)8! ',)! &.2! 8)A-*)#! <,)!

)?)*+'-&1! )?')12)2! '&! 1)EP! .0')8=0++8&4)2! 28BAC! E-',! &.2! 01'-D-&'-%! -1A8)2-)1'C#! K1! O%'&D)8!

9::eP! ',)C)! &.2! 01'-D-&'-%C!E)8)! CBDQ)%')2! '&! ',)!O801A)!3&&N! .-C'-1A! 8)VB-8)*)1'C! 012!*02)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
;e!W&8!%)8'0-1!1&1=5"X!28BACP!01!@5R@!%011&'!D)!0++8&4)2!G&8!',8))!H)08C!0G')8!5R@!0++8&40.P!DB'!',-C!

8)C'8-%'-&1!2&)C!1&'!.-*-'!',)!G-.-1A!&G!01!@5R@#!



j;!
!

CBDQ)%'!'&!J080A80+,!KL!%,0..)1A)C!aWR@!9::ed#!@C!0!8)CB.'P!if!01'-D-&'-%C!,02!.-C')2!+0')1'CP!&G!

E,-%,!G&B8!0''80%')2!0!J080A80+,!KL!%,0..)1A)#!!



Figure 1: Patents Per D
rug 
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Figure 2: Share of Drugs with Non-AI Patent 
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Figure 4: Share of Drugs with Paragraph IV Challenge 
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Figure 5: Share of Drugs with Early Paragraph IV Challenge 
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Figure 6: Predicted Values of Hazard of Challenge by Drug Type 
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Figure 7: Predicted Values of Hazard of Challenge by Patent Portfolio 
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Table 1 

Description of Variables 
 
 

Paragraph IV challenge =1 if a generic drug maker, in year t, officially asserts to FDA 
its plan to launch a competing therapeutically equivalent drug, 
and that one or more brand-name patents are invalid or not 
infringed 

Sales Sales of drug in year t (annualized $ billions) 
Oral dosage form =1 if drug offered in a tablet, capsule, or liquid form 
New chemical entity =1 if drug contains a novel active ingredient (see Appendix for 

details); exempt from challenge during the first four years after 
approval 

Therapeutic class dummies Indicators for primary use of drug (e.g., cardiovascular) 
Observation year dummies Indicators for observation year (2001 through 2009) 
Eligibility year dummies Indicators for years since drug’s initial eligibility for challenge 

(1 through 9) 
Future sales Sales of all other drugs in therapeutic class in year t+3 
  
Patent type  
AI only =1 if all patents pertain to the drug’s active ingredient (AI); 

excludes patents on enantiomers or other isomers or 
polymorphs and other crystal forms 

Non-AI only =1 if no patents pertain to the drug’s AI 
Both types =1 if at least one patent pertains to the AI, and at least one does 

not 
  
Effect of non-AI patents  
Extra time from non-AI =1 if both types of patent, and last non-AI patent expires later 

than last AI patent 
Extra years from non-AI Years of difference between expiration of last-expiring non-AI 

patent and last-expiring AI patent (=0 if no additional life) 
  
Other patent measures  
First quartile citations Number of patents containing at least one patent in the first 

quartile of forward citations, among patents issued in that year 
First quartile family size Number of patents containing at least one patent in the first 

quartile, among patents issued in that year, of number of 
jurisdictions in which patent was applied for 

Early patents Number of patents with application filed prior to drug approval
Late patents Number of patents with application filed after drug approval 
  

 
 



Table 2 
 

Summary of Variables 
 
 

 Mean Std. dev. Min Max 

Paragraph IV challenge 0.51 0.50 0 1 
Oral dosage form 0.66 0.48 0 1 
New chemical entity 0.35 0.48 0 1 
Old antibiotics 0.07 0.26 0 1 
Approval year 2001.87 3.54 1990 2008 
Sales ($ billion) 0.20 0.51 0 5.99 
     
Patents     
AI only 0.12 0.33 0 1 
Non-AI only 0.47 0.50 0 1 
Both AI and non-AI 0.41 0.49 0 1 
   No extra time from non-AI 0.08 0.28 0 1 
   Extra time from non-AI 0.33 0.47 0 1 
   Extra years from non-AI 1.86 3.46 0 17.2 
Bottom citations 0.98 1.27 0 8 
Bottom family size 0.79 1.43 0 9 
Early patents 3.26 3.06 0 25 
Late patents 0.36 1.07 0 9 
     

  

 N = 479. 
 
 
 
 

Table 3 
 

Data Structure of Duration Analysis 
 
 

Period Challenge No challenge Censored Total 
1 77 16.1% 362 75.6% 40 8.4% 479 
2 43 12.0% 292 81.8% 22 6.2% 357 
3 31 10.8% 228 79.4% 28 9.8% 287 
4 32 14.2% 171 76.0% 22 9.8% 225 
5 19 11.4% 131 78.4% 17 10.2% 167 
6 15 12.0% 81 64.8% 29 23.2% 125 
7 9 11.2% 56 70.0% 15 28.8% 80 
8 3 5.4% 32 57.1% 21 37.5% 56 
9 2 6.4% 0 0.0% 29 93.6% 31 
Total 231  1353  223  1807 

 
 
 

 



T
able 4 

 
 L

ogit M
odel of H

azard of C
hallenge—

B
aseline and Standard Patent M

easures 
 

(D
ependent variable: challenge = 1 if drug i is challenged in year t) 

 
 

(1) 
(2) 

(3) 
(4) 

(5) 
(6) 

Sales 
1.214*** 

1.172*** 
1.242*** 

1.269*** 
1.178*** 

1.168*** 
 

(0.302) 
(0.296) 

(0.300) 
(0.299) 

(0.301) 
(0.276) 

O
ral dosage form

 
1.090*** 

1.118*** 
1.158*** 

1.143*** 
1.138*** 

1.074*** 
 

(0.285) 
(0.296) 

(0.292) 
(0.295) 

(0.296) 
(0.286) 

N
C

E 
–0.024 

-0.003 
-0.031 

0.037 
-0.088 

-0.151 
 

(0.196) 
(0.198) 

(0.197) 
(0.203) 

(0.203) 
(0.199) 

O
ld antibiotics 

0.485 
0.522 

0.567 
0.565 

0.331 
0.120 

 
(0.623) 

(0.621) 
(0.616) 

(0.607) 
(0.644) 

(0.635) 
Patents 

 
 

 
 

 
 

Total patents 
 

0.020 
 

 
 

 
 

 
(0.031) 

 
 

 
 

First quartile citations 
 

 
0.141** 

 
 

 
 

 
 

(0.057) 
 

 
 

O
ther citations 

 
 

-0.017 
 

 
 

 
 

 
(0.037) 

 
 

 
First quartile fam

ily size 
 

 
 

0.123** 
 

 
 

 
 

 
(0.057) 

 
 

O
ther fam

ily size 
 

 
 

-0.008 
 

 
 

 
 

 
(0.036) 

 
 

Late patents 
 

 
 

 
0.282*** 

 
 

 
 

 
 

(0.106) 
 

Early patents 
 

 
 

 
-0.018 

 
 

 
 

 
 

(0.034) 
 

N
om

inal patent term
 

 
 

 
 

 
0.094*** 

 
 

 
 

 
 

(0.025) 
C

onstant 
–7.350*** 

-7.449*** 
-7.459*** 

-7.584*** 
-7.766*** 

-8.778*** 
 

(1.367) 
(1.377) 

(1.381) 
(1.408) 

(1.376) 
(1.416) 

Eligibility year indicators 
Y

es 
Y

es 
Y

es 
Y

es 
Y

es 
Y

es 
O

bs. Y
ear indicators 

Y
es 

Y
es 

Y
es 

Y
es 

Y
es 

Y
es 

Therapeutic class f.e. 
Y

es 
Y

es 
Y

es 
Y

es 
Y

es 
Y

es 
O

bservations 
1807 

1807 
1807 

1807 
1807 

1807 
Standard errors clustered by drug are in parentheses. A

sterisks indicate statistical significance at the *** 1%
, ** 5%

, and * 10%
 levels. 



Table 5 
 

Logit Model of Hazard of Challenge 
 

Quality Measures Based on Patent Type (AI vs. Non-AI) 
 
 

(Dependent variable: challenge = 1 if drug i is challenged in year t) 
 

 (7) (8) (9) (10) 
Sales 1.207*** 1.205*** 1.198*** 1.352*** 
 (0.304) (0.303) (0.297) (0.282) 
Oral dosage form 1.209*** 1.213*** 1.127*** 1.093*** 
 (0.299) (0.299) (0.301) (0.299) 
NCE 0.100 0.105 0.158 0.161 
 (0.205) (0.205) (0.209) (0.206) 
Old antibiotic 0.680 0.673 0.596 0.792 
 (0.617) (0.616) (0.616) (0.637) 
Patents     
Total patents -0.007 -0.008 0.005 -0.019 
 (0.034) (0.034) (0.032) (0.034) 
Non-AI only 0.975*** 0.986*** 0.567** 1.230*** 
 (0.364) (0.364) (0.252) (0.389) 
Both types 1.021***    
 (0.352)    
  No extra time from non-AI  0.894**  1.099** 
  (0.448)  (0.468) 
  Extra time from non-AI  1.054***   
  (0.356)   
  Extra years from non-AI   0.095***  
   (0.031)  
  First quartile    0.704 
    (0.563) 
  Second quartile    1.457*** 
    (0.434) 
  Third quartile    1.472*** 
    (0.412) 
  Top quartile    2.041*** 
    (0.502) 
Constant -8.344*** -8.355*** -8.006*** -8.653*** 
 (1.462) (1.464) (1.448) (1.555) 
Eligibility year indicators Yes Yes Yes Yes 
Obs. Year indicators Yes Yes Yes Yes 
Therapeutic class f.e. Yes Yes Yes Yes 
Observations 1807 1807 1807 1807 
Standard errors clustered by drug are in parentheses. Asterisks indicate statistical significance at the *** 1%, ** 5%, 
and * 10% levels. 



Table 6 
 

Logit Model of Hazard of Challenge 
 

Alternative Measures of Extra Time from Non-AI Patents 
 
 

(Dependent variable: challenge = 1 if drug i is challenged in year t) 
 

 (11) (12) (13) 
Sales 1.207*** 1.204*** 1.323*** 
 (0.302) (0.297) (0.281) 
Oral dosage form 1.217*** 1.123*** 1.098*** 
 (0.299) (0.301) (0.298) 
NCE 0.115 0.173 0.159 
 (0.206) (0.210) (0.207) 
Old antibiotic 0.655 0.605 0.738 
 (0.613) (0.617) (0.630) 
Patents    
Total patents -0.011 0.002 -0.012 
 (0.034) (0.032) (0.034) 
Non-AI only 1.001*** 0.607** 1.046*** 
 (0.363) (0.255) (0.364) 
Both types    
    
  No extra time from non-AI 0.625  0.607 
 (0.485)  (0.486) 
  Extra time from non-AI 1.103***   
 (0.355)   
  Extra years from non-AI  0.103***  
  (0.031)  
  First quartile   0.559 
   (0.518) 
  Second quartile   1.237*** 
   (0.412) 
  Third quartile   1.275*** 
   (0.388) 
  Top quartile   1.832*** 
   (0.481) 
Constant -8.359*** -8.035*** -8.480*** 
 (1.468) (1.454) (1.533) 
Eligibility year indicators Yes Yes Yes 
Obs. Year indicators Yes Yes Yes 
Therapeutic class f.e. Yes Yes Yes 
Observations 1807 1807 1807 
Standard errors clustered by drug are in parentheses. Asterisks indicate statistical significance at 
the *** 1%, ** 5%, and * 10% levels. 



Table 7 
 

Logit Model of Hazard of Challenge 
 

Non-Parametric Sales 
 
 

(Dependent variable: challenge = 1 if drug i is challenged in year t) 
 

 (14) (15) (16) (17) 
Sales     
Second quartile 1.137** 1.138** 1.122** 1.154** 
 (0.487) (0.486) (0.482) (0.478) 
Third quartile 3.070*** 3.069*** 3.064*** 3.082*** 
 (0.488) (0.487) (0.480) (0.479) 
Fourth quartile 4.251*** 4.251*** 4.240*** 4.258*** 
 (0.490) (0.488) (0.482) (0.480) 
     
Oral dosage form 1.694*** 1.697*** 1.606*** 1.598*** 
 (0.369) (0.369) (0.371) (0.372) 
NCE -0.239 -0.232 -0.211 -0.205 
 (0.212) (0.212) (0.215) (0.214) 
Old antibiotic 0.224 0.217 0.127 0.237 
 (0.774) (0.769) (0.766) (0.779) 
     
Patents     
Total patents -0.027 -0.028 -0.018 -0.037 
 (0.028) (0.028) (0.028) (0.030) 
Non–AI only 0.804** 0.819** 0.437* 0.810** 
 (0.351) (0.352) (0.256) (0.327) 
Both types 0.881***    
 (0.337)    
   No extra time from non-AI  0.745*  0.721* 
  (0.427)  (0.415) 
   Extra time from non-AI  0.914***   
  (0.346)   
   Extra years from non-AI   0.077**  
   (0.031)  
   First quartile    0.727 
    (0.487) 
   Second quartile    0.873** 
    (0.361) 
   Third quartile    0.901** 
    (0.359) 
   Top quartile    1.564*** 
    (0.469) 
Constant -10.444*** -10.438*** -10.030*** -10.250*** 
 (1.497) (1.497) (1.481) (1.483) 
Eligibility year indicators Yes Yes Yes Yes 
Obs. Year indicators Yes Yes Yes Yes 
Therapeutic class f.e. Yes Yes Yes Yes 
Observations 1807 1807 1807 1807 
Standard errors clustered by drug are in parentheses. Asterisks indicate statistical significance at the 
*** 1%, ** 5%, and * 10% levels. 



Table 8 
 

Logit Model of Hazard of Challenge 
 

Lagged Sales 
 

(Dependent variable: challenge = 1 if drug i is challenged in year t) 
 

 (18) (19) (20) (21) 
Sales     
Current -0.447 -0.409 -0.458 -0.461 
 (0.934) (0.940) (0.982) (1.005) 
1 year lag 2.519 2.446 2.595 2.770 
 (1.673) (1.687) (1.745) (1.832) 
2 year lag -1.231 -1.199 -1.256 -1.315 
 (1.345) (1.348) (1.345) (1.462) 
3 year lag 0.715 0.722 0.645 0.788 
 (1.328) (1.329) (1.278) (1.249) 
     
Oral dosage form 1.358*** 1.364*** 1.287*** 1.232*** 
 (0.325) (0.325) (0.328) (0.324) 
NCE 0.014 0.020 0.097 0.079 
 (0.232) (0.232) (0.233) (0.227) 
Old antibiotic 0.550 0.538 0.479 0.636 
 (0.619) (0.619) (0.621) (0.641) 
Patents     
Total patents -0.022 -0.023 -0.015 -0.042 
 (0.037) (0.037) (0.034) (0.037) 
Non–AI only 0.886** 0.901** 0.570** 1.175*** 
 (0.371) (0.371) (0.267) (0.392) 
Both types 1.055***    
 (0.356)    
   No extra time from non-AI  0.892*  1.100** 
  (0.455)  (0.482) 
   Extra time from non-AI  1.098***   
  (0.360)   
   Extra years from non-AI   0.124***  
   (0.031)  
   First quartile    0.712 
    (0.543) 
   Second quartile    1.393*** 
    (0.450) 
   Third quartile    1.564*** 
    (0.427) 
   Top quartile    2.519*** 
    (0.507) 
Constant -4.772*** -4.775*** -4.452*** -5.029*** 
 (1.168) (1.169) (1.129) (1.171) 
Eligibility year indicators Yes Yes Yes Yes 
Obs. Year indicators Yes Yes Yes Yes 
Therapeutic class f.e. Yes Yes Yes Yes 
Observations 1624 1624 1624 1624 
Standard errors clustered by drug are in parentheses. Asterisks indicate statistical significance at the *** 
1%, ** 5%, and * 10% levels. 



Table 9 
 

Logit Model of Hazard of Challenge 
 

Future Sales 
 
 

(Dependent variable: challenge = 1 if drug i is challenged in year t) 
 

 (22) (23) (24) (25) 
Sales 2.049*** 2.012*** 2.087*** 2.032*** 
 (0.702) (0.712) (0.731) (0.719) 
Future sales 0.673 0.651 0.717 0.571 
 (0.530) (0.540) (0.547) (0.582) 
Oral dosage form 0.749* 0.748* 0.601 0.558 
 (0.383) (0.382) (0.388) (0.385) 
NCE 0.281 0.306 0.364 0.394 
 (0.262) (0.263) (0.267) (0.265) 
Patents     
Total patents -0.007 -0.008 0.009 -0.020 
 (0.049) (0.050) (0.046) (0.050) 
Non–AI only 0.937* 0.975* 0.466 1.185** 
 (0.510) (0.513) (0.348) (0.537) 
Both types 1.151**    
 (0.508)    
   No extra time from non-AI  0.821  0.983 
  (0.737)  (0.741) 
   Extra time from non-AI  1.227**   
  (0.512)   
   Extra years from non-AI   0.095**  
   (0.042)  
   First quartile    0.848 
    (0.758) 
   Second quartile    1.641*** 
    (0.567) 
   Third quartile    1.638*** 
    (0.568) 
   Top quartile    1.937*** 
    (0.664) 
Constant -6.864*** -6.929*** -6.365*** -7.194*** 
 (1.185) (1.194) (1.146) (1.269) 
Eligibility year indicators Yes Yes Yes Yes 
Obs. Year indicators Yes Yes Yes Yes 
Therapeutic class f.e. Yes Yes Yes Yes 
Observations 1171 1171 1171 1171 

Standard errors clustered by drug are in parentheses. Asterisks indicate statistical significance at the *** 1%, 
** 5%, and * 10% levels. 

  
 


