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ABSTRACT

Regulators of new products confront a tradeoff between speeding a new product to market and 

collecting additional product quality information. The FDA’s Breakthrough Therapy Designation 

(BTD) provides an opportunity to understand if a regulator can use new policy to innovate around 

this tradeoff—i.e., whether it improved regulator productivity by allowing products to come to 

market more quickly without compromising quality. We find that the BTD program shortened 

clinical development times by 23 percent and did not impact the ex post safety profile of drugs 

with the designation. In exploring mechanisms, we find that the BTD program had the greatest 

impact on less experienced firms and was associated with reduced BTD clinical trial design 

complexity. The results suggest that targeted regulatory innovation can shorten R&D periods 

without compromising the quality of new products.
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@4A!5')/"-0&(

]2#,5("),=.#)-(#)&(%)$(")#/&2043#+(#*)%&)#+,)-#)-(#*()#2=#NM#5&0/*#)-%)#&(6(,7(5#)-(#b]T#%=)(&#,)*#

(*)%;1,*-$(")#,"#LMEL#Cd)&0(e#b]T#5&0/*P8#[(#)-("#0*(#"(%&(*)#"(,/-;2&#$%)6-,"/#)2#,5("),=.#%#*()#

2=#d,$40)(5e#b]T#5&0/*h,8(83#)-(#*()#2=#4&(<LMEL#C4&(<b]TP#5&0/*#)-%)3#;%*(5#2"#2;*(&7%;1(#6-%&<

%6)(&,*),6*3#+2015#-%7(#&(6(,7(5#)-(#b]T3#-%5#,)#(A,*)(5#%)#)-(#),$(8##

Y0&#%1/2&,)-$#$%)6-(*#(A%6)1.#2"#)-(#5&0/B*#*$%11#$21(601(#C7*8#;,212/,6P#*)%)0*8#[(#%1*2#$%)6-#

62%&*(1.#2"#%#5&0/B*#%66(**#)2#2)-(&#STU#&(7,(+#4&2/&%$*#C%*#5(*6&,;(5#,"#?(6),2"#LPh"%$(1.#9&,2&,).#

J(7,(+#*)%)0*3#S%*)#]&%6'#*)%)0*3#U66(1(&%)(5#U44&27%1#*)%)0*h%*#+(11#%*#+-()-(&#)-(#5&0/#+%*#%4<

4&27(5#+,)-#%#;2A(5#+%&","/3#)-(#5&0/B*#U]X#625(3#%"5#+-()-(&#)-(#5&0/B*#5(7(124(&#+%*#%#40;1,61.#

1,*)(5#7*8#4&,7%)(1.#-(15#=,&$8#W%)6-,"/#2"#)-(#5&0/B*#).4(3#'"2+"#4&(<%44&27%1#*%=().#&,*'*#C,"5,6%)(5#

;.#;2A(5#+%&","/*P3#%"5#)-(&%4(0),6#6%)(/2&.#+,11#$,",$,:(#'(.#5,==(&("6(*#%6&2**#5&0/*#)-%)#,"=10("6(#

),$(<)2<$%&'()#%"5#42*)<%44&27%1#*%=().#&,*'*8#!)#,*#"2)%;1(#)-%)#$%".#b]T#5&0/*#4%&),6,4%)(#,"#2)-(&#

(A4(5,)(5#&(7,(+#4&2/&%$*8#S2&#(A%$41(3#)-(#$25%1#b]T#,"#20&#*%$41(#%1*2#-%*#9&,2&,).#J(7,(+8#b.#

$%)6-,"/#2"#)-(*(#=(%)0&(*#%"5#)-("#62"*,5(&,"/#5,==(&("6(*#;()+(("#/&204*3#20&#(*),$%)(*#6%4)0&(#

)-(#%55,),2"%1#(==(6)*#2=#)-(#b]T#%;27(#%"5#;(.2"5#2)-(&#(A4(5,)(5#&(/01%)2&.#4&2/&%$*#%"5#5&0/#



! ?W!

=(%)0&(*8!$#W%)6-,"/#2"#)-(#5(7(124(&#=,&$#).4(#%112+*#0*#)2#$,",$,:(#5,==(&("6(*#,"#5&0/#20)62$(*#

)-%)#$,/-)#;(#&(1%)(5# )2# =,&$#J`T#(A4(&),*(3# &(/01%)2&.#%"5i2&#61,",6%1# )&,%1#(A4(&,("6(3#%"5#2)-(&#

6%4%;,1,),(*#%"5#&(*20&6(*8#W2&(#;&2%51.3#,"62&42&%),"/#%11#2=#)-(*(#5&0/#6-%&%6)(&,*),6*#%112+*#0*#)2#

62"*)&06)#62")&21*#=2&#B"#*#)-(#b]T<)&(%)(5#%"5#"2"<)&(%)(5#5&0/*#,"#)-(#42*)<LMEL#4(&,253#*06-#)-%)#

+(#6%"#;(#$2&(#62"=,5(")#)-%)#&(*01)*#*(("#,"#&(/&(**,2"#%"%1.*,*#%&(#"2)#5&,7("#;.#)-(#,"610*,2"#2=#

5&0/*#+,)-#>0,)(#5,==(&(")#=(%)0&(*8##

]-,*#$%)6-,"/#4&26(50&(#,"72'(*#)-(#$%)6-,"/#(*),$%)2&#2=#U;%5,(#%"5#!$;("*#CLMMNP3#;0)#%72,5*#

0*,"/#:"!#'C."&(!'"+1$$%)6-,"/i*.")-(),6#$()-25*#)2#62"*)&06)#%#62")&21#/&2043#/,7("#)-(#"2"<&%"52$#

"%)0&(#2=# )-(#b]T#5(*,/"%),2"3#+-,6-# ,$41,(*# =0"5%$(")%1#5,==(&("6(*#;()+(("#62")($42&%"(20*#

b]T# %"5# "2"<b]T#5&0/*8# #R"5(&# 20&#$%)6-,"/# 4&26(50&(3#+(# ,5("),=.# 62$4%&%)2&# 4&2506)*# ;.#

$%)6-,"/#2"#%11#2;*(&7%;1(*#;0)#52,"/#*2#,"#%#*%$41(#2=#5&0/*#)-%)#6%$(#)2#$%&'()#j0*)#;(=2&(#)-(#

b]T#+%*#6&(%)(58!

Y=#620&*(3#)-,*#%44&2%6-#;.#,)*(1=3#,*#,"*0==,6,(")3#;(6%0*(#)-(&(#62015#;(#/("(&%1#,$4&27($(")*#,"#

)-(#>0%1,).#2=#$(5,6,"(*#2&#6-%"/(*#,"#)-(#*4((5#%"5#"%)0&(#2=#5&0/#5(7(124$(")#%"5#&(/01%)2&.#%4<

4&27%1#27(&#),$(#C+-,6-#62015#;(#$,*%))&,;0)(5#)2#)-(#b]T#4&2/&%$#,"#)-(#d42*)#4(&,25eP8#]2#%55&(**#

)-(*(#42)("),%1#*20&6(*#2=#;,%*3#+(#6&(%)(#%#62")&21#/&204#2=#"2"<b]T#5&0/*#%"5#,5("),=.#$%)6-(5#

62")&21*#=2&#)-($#,"#)-(#4&(<b]T#4(&,258#]-(#$%)6-,"/#2=#"2"<)&(%)(5#5&0/*#,"#)-(#42*)<4(&,25#)2#

-,/-1.#*,$,1%&#5&0/*#,"#)-(#4&(<4(&,25#)-0*#4(&$,)*#%#5,==(&("6(<,"<5,==(&("6(*#5(*,/"#=2&#62$4%&,"/#

!
!#!=)!0,+7%!(*!2+(-+/7%!$)0,+/&0$)-!6$04!(),!/)(04,+D!3$**,+,)&,%!$)!0$7$)-!/+,!$72(+0/)0!/)3!3,&+,/%,!04,!.$J,.$4((3!

(*!04$%!5,$)-!/!7/d(+!$%%',K!Q4,%,!/+,!3$%&'%%,3!$)!7(+,!3,0/$.!$)!M22,)3$9!MD!5'0!51!6/1!(*!,9/72.,D!&()%$3,+!e+$(+$01!

[,8$,6A!e+$(+$01![,8$,6!&/)!().1!5,!-+/)0,3!/0!04,!0$7,!(*!\#M!%'57$%%$()D!%'&4!04/0!$0!&('.3!)(0!7,&4/)$&/..1!$)0,+/&0!

6$04!04,!̀ Q#!3'+$)-!3+'-!3,8,.(27,)0!0(!04/0!2($)0K![/04,+D!$0!$%!/)!$)3$&/0(+!(*!04,!$))(8/0$8,),%%!(*!/!),6!3+'-D!7/J$)-!

$0!/!%,)%$5.,!&+$0,+$()!0(!7/0&4!()D!5'0!-$8,)!04,!0$7$)-D!7/J$)-!$0!8$+0'/..1!$72(%%$5.,!0(!$)0,+/&0!6$04!04,!̀ Q#!3,%$-)/0$()!

3'+$)-!&.$)$&/.!3,8,.(27,)0K!



! ?V!

d;&(%')-&20/-e#C%"5#*,$,1%&P#5&0/*#,"#)-(#4&(<#%"5#42*)<4(&,25*#)2#"2"<;&(%')-&20/-#C%"5#*,$,1%&P#

5&0/*#,"#)-(#4&(<#%"5#42*)<#4(&,25*3#&(*4(6),7(1.8#V62"2$()&,6%11.3#)-,*#$(%"*#)-%)#+(#6%"#0*(#%#$06-#

/&(%)(&#*-%&(#2=#)-(#42401%),2"#2=#%44&27(5#$(5,6,"(*#C"%$(1.#"2"<;&(%')-&20/-#5&0/*P#)2#%6620")#

=2&#42)("),%1#),$(#)&("5*#%"5#5,==(&("6(*#,"#20)62$(*#*06-#%*#%57(&*(<(7(")#&(42&),"/#%"5#J`T#4&%6<

),6(*#27(&#),$(8#U*#12"/#%*#6-%"/(*#,"#)-(*(#20)62$(*#%&(#*,$,1%&#=2&#5&0/*#+,)-#$%)6-(5#;&(%')-&20/-#

5(*,/"%),2"#%"5#=2&#$%)6-(5#5&0/*#+,)-20)#)-,*#5(*,/"%),2"#,"#)-(#4&(<b]T#(&%3#+(#6%"#,5("),=.#)-(#

6%0*%1#(==(6)#2=#)-(#;&(%')-&20/-*#4&2/&%$8#[(#4(&=2&$#%#"0$;(&#2=#&2;0*)"(**#)(*)*3#,"#?(6),2"#H8_3#

)2#*0442&)#)-,*#%**0$4),2"#%"5#;21*)(&#20&#%"%1.*,*8##

]%;1(#L#5(*6&,;(#)-(#=,"%1#*%$41(*#2=#)&(%)$(")#%"5#62")&21#/&204*#6-2*("#;.#)-(#$%)6-,"/#%1/2<

&,)-$3#+-,6-#,5("),=,(*#L_#0",>0(#5&0/#$%)6-(*#=2&#)-(#NM#b]T#5&0/*#%"5#EMF#$%)6-(*#=2&#)-(#ENO#

"2"<b]T#5&0/*8#Y7(&%113#_N#5&0/*#C","(#4(&6(")#2=#)-(#5&0/#*%$41(P#+(&(#$%)6-(5#)2#;2)-#)&0(#b]T#

%"5#"2"<b]T#5&0/*8#!"#20&#$%,"#%"%1.*,*3#)-(*(#5&0/*#+(&(#&%"52$1.#%1126%)(5#)2#(,)-(&#)-(#4&(<LMEL#

)&(%)$(")#2&#62")&21#/&204*8!&#_O#5&0/*#+-2*(#%441,6%),2"*#+(&(#*0;$,))(5#;(=2&(#D01.#F3#LMEL#+(&(#

"2)#$%)6-(5#)2#(,)-(&#)&0(#b]T#5&0/*#"2&#)2#)-(#*()#2=#)&0(#"2"<b]T#5&0/*#%"5#+(&(#5&244(5#=&2$#

)-(#*0;*(>0(")#%"%1.*,*8!'#!(#

!
!$!M%!/!+(5'%0),%%!&4,&JD!6,!/.%(!+,-,),+/0,!XDFFF!3+'-!%/72.,%D!,/&4!6$04!$0%!(6)!+/)3(7!/..(&/0$()!(*!04,!R?!3+'-%!

0(!04,!0+,/07,)0!/)3!&()0+(.!-+('2%K!Q4,!,%0$7/0,3!7,/)!/)3!%0/)3/+3!,++(+%!(*!04,!&(,**$&$,)0%!./+-,.1!%'22(+0!('+!7/$)!

*$)3$)-%K!

!%!M)!,9/7$)/0$()!(*!3+'-%! 04/0!/+,!)(0!7/0&4,3!0(!,$04,+! 0+',!`Q#!3+'-%!)(+! 0(! 0+',!)()>`Q#!3+'-%!2+(8$3,%!

%'22(+0!*(+!('+!/)/.1%$%K!Z(+!,9/72.,D!6,!,9&.'3,!%2$)(%/3!B\/0+(5/GD!/!04,+/21!04/0!6/%!/22+(8,3!$)!"F??!/)3!0+,/0%!

%&/5$,%!/)3!4,/3!.$&,K!\(),!(*!04,!2(%0>"F?"!3+'-%!(*!/)1!J$)3!B),$04,+!0+',!`Q#%!)(+!0+',!)()>`Q#%G!6,+,!/22+(8,3!

0(!0+,/0!%&/5$,%!(+!4,/3!.$&,K!!

!&!E,!$)8,%0$-/0,!04,!+(5'%0),%%!(*!('+!7/$)!*$)3$)-%!0(!04$%!,9&.'%$()!3,&$%$()!51!/%%$-)$)-!')7/0&4,3!3+'-%!0(!04,!

$72'0,3!0+',!)()>`Q#!%/72.,K!E,!*$)3!%$7$./+!+,%'.0%!BM22,)3$9!Q/5.,!:RGK!!!!



! ?@!

9%"(1#U#,"#U44("5,A#]%;1(*#TE#%"5#TL#62$4%&(#5&0/#6-%&%6)(&,*),6*#%6&2**#)-(#)&0(#%"5#,$40)(5#

"2"<b]T#%"5#b]T#5&0/#*%$41(*8#Q2)%;1.3#%4%&)#=&2$#2"(#5(*6&,4)2&3#)-(&(#%&(#"2#12"/(&#*)%),*),6%11.#

*,/",=,6%")#5,==(&("6(*#;()+(("#)-(#,$40)(5#%"5#)&0(#b]T#*%$41(*3#%#/225#j0$4,"/#2==#42,")#=2&#%#

$2&(#;%1%"6(5#%"%1.*,*#2=#)-(#4&2/&%$B*#,"6&($(")%1#,$4%6)8##

]%;1(#_#4&(*(")*#*0$$%&.#*)%),*),6*#2"#)-(#_HF#5&0/*#,"#)-(#)&(%)$(")#CQ#p#G_P#%"5#62")&21#CQ#p#

LONP#/&204*8#U*#,"#)-(#0"$%)6-(5#*%$41(3#b]T#4&2506)*#%&(#%**26,%)(5#+,)-#=%*)(&#),$(<)2<%44&27%1#

%"5#-,/-(&#42*)<%44&27%1# *%=().# *,/"%1*8#K2+(7(&3# ,"# %#4&(7,(+#2=# )-(# &(*01)*# =&2$#20&# &(/&(**,2"#

%"%1.*,*3#+(#*((#)-%)#,"#)-(#%1/2&,)-$,6%11.#$%)6-(5#*%$41(3#)-(#5,==(&("6(*#;()+(("#)-(#)+2#/&204*#,"#

$(%*0&(*#2=#&(7,(+#),$(*#%"5#61,",6%1#5(7(124$(")#),$(*#2!:&'(1'#,"#]%;1(#_#C&(1%),7(#)2#]%;1(#EP8#U4<

4("5,A#]%;1(#TE3#9%"(1*#b#%"5#X#4&27,5(#%55,),2"%1# *0442&)# =2&#20&#5,==(&("6(<,"<5,==(&("6(*#%4<

4&2%6-8#S2&#(A%$41(3#%6&2**#%11#)-&((#),$(<)2<$%&'()#$(%*0&(*3#+(#*((#*,/",=,6%")1.#12"/(&#),$(*#)2#

$%&'()#=2&#)&0(#C42*)<LMELP#&(1%),7(#)2# ,$40)(5#C4&(<LMELP#"2"<b]T#4&2506)*3#62"*,*)(")#+,)-#)-(#

=%6)#)-(&(#,*#%#),$(#)&("5#)2+%&5*#12"/(&#5(7(124$(")#%"5#%44&27%1#),$(*8#Y0&#($4,&,6%1#%44&2%6-#

)%'(*#)-(*(#)&("5*#,")2#%6620")#%"5#$(%*0&(*#)-(#(A)(")#)2#+-,6-#)-(#b]T#4&2/&%$#5,7(&)*#$(%*0&(*#

2=#),$(<)2<$%&'()#=2&#b]T#5&0/*#%+%.#=&2$#)-(*(#)&("5*8#C!"#U44("5,A#T3#+(#5,*60**#,"#=0&)-(&#5()%,1#

20&#($4,&,6%1#*)&%)(/.#%"5#)-(#6-%""(1*#)-%)#$%.#,$4%6)#61,",6%1#5(7(124$(")#),$(8P##

@48!?.)-(')-%0(

!

Y0&#($4,&,6%1#(*),$%),2"#4&26((5*#%*#=2112+*8#S2&#5&0/#93#+(#(*),$%)(#)-(#=2112+,"/@##

# !"#!$%!& ' ()*+", - ./01! - 2/01! 3 45678/01! - 9
":!&# CEP#

+-(&(##!#,*#%#$(%*0&(#2=#),$(<)2<$%&'()#C(8/83#"0$;(&#2=#5%.*#;()+(("#QTU#*0;$,**,2"#)2#%4<

4&27%1P#2&#%57(&*(#(7(")#20)62$(*#C(8/83#%57(&*(#(7(")#&%)(*#+,)-,"#=,7(#$2")-*#2=#%44&27%1P3#/01!#

,*#%"#,"5,6%)2&#=2&#+-()-(&#5&0/#9#,*#,"#)-(#)&(%)$(")#/&204#2=#%6)0%1#%"5#$%)6-(5#b]T#$(5,6,"(*3#

45678/01!#,*#%"#,"5,6%)2&#=2&#+-()-(&#5&0/#9B*#%441,6%),2"#+%*#*0;$,))(5#%=)(&#D01.#F3#LMEL3#%"5#:!!



! "F!

,*# %#7(6)2&#2=# 62")&21*3# ,"6105,"/#%#5&0/B*# .(%&#2=# %44&27%13# *$%11#$21(601(# *)%)0*3#9&,2&,).#J(7,(+#

*)%)0*3#S%*)#]&%6'#*)%)0*3#U66(1(&%)(5#U44&27%1#*)%)0*3#%"5#+-()-(&#%44&27(5#+,)-#%#;2A(5#+%&","/8!)#

!*#!"#%55,),2"3#+(#62")&21#=2&#U]X#625(#%"5#5(7(124(&#).4(#)2#%6620")#=2&#5,==(&("6(*#,"#)(6-"212/.3#

&(*20&6(*3#%"5#421,),6%1#(62"2$.#62"6(&"*#C*((#U44("5,A#U#=2&#$2&(#5()%,1*P8###

]-(#62(==,6,(")#2=# ,")(&(*)# ,*#23#+-,6-#$(%*0&(*#+-()-(&# )-(# (==(6)#2=# )-(#b]T#2"#5&0/*# )-%)#

%6)0%11.#&(6(,7(5#)-(#b]T3#7(&*0*#)-(#$%)6-(5#*%$41(#)-%)#+2015#-%7(#;(("#(A4(6)(5#)2#&(6(,7(#)-,*#

5(*,/"%),2"3#-%5# ,)#(A,*)(5#%)# )-(# ),$(8#.#$(%*0&(*# )-(# ),$(<,"7%&,%")#5,==(&("6(#=2&#$(5,6,"(*# )-%)#

(,)-(&#%6)0%11.#&(6(,7(5#)-(#b]T#2&#+2015#-%7(#;(("#(A4(6)(5#)2#&(6(,7(#)-,*#5(*,/"%),2"8#!)#6%4)0&(*#

)-(#2)-(&#=%6)2&*#%**26,%)(5#+,)-#61,",6%11.#,$42&)%")#$(5,6,"(*#,"#)-(#$%)6-(5#*()#2=#5&0/*8##

#]-(#5(4("5(")#7%&,%;1(*#%&(#*'(+(5#%"5#62"*,*)#2=#"2"<"(/%),7(#620")#%"5#&%)(#5%)%8#U*#%#&(*01)3#

+(#&(42&)#(*),$%)(*#=&2$#"(/%),7(#;,"2$,%1#&(/&(**,2"#$25(1*#+,)-#&2;0*)#*)%"5%&5#(&&2&*8"+#"!#V>0%<

),2"#CEP#(*),$%)(*#)-(#,$4%6)#2=#)-(#b]T#4&2/&%$#0"5(&#)-(#%**0$4),2"#)-%)#*(601%&#6-%"/(*#,"#5&0/#

5(7(124$(")#%"5#%44&27%1#),$(*3#5&0/#>0%1,).3#%"5#>0%1,).#&(42&),"/#C%*#4&2A,(5#;.#%57(&*(#(7(")#&%)(*P#

=2&#5&0/*#(1,/,;1(#=2&#b]T#5(*,/"%),2"#%&(#)-(#*%$(#%*#*06-#6-%"/(*#=2&#"2"<b]T#5&0/*8##

!
!'!M%!/!+(5'%0),%%!&4,&JD!6,!&/)!/.%(!&()0+(.!*(+!04,!3+'-P%!H&(4(+0L!51!&()0+(..$)-!*(+!%'57$%%$()!1,/+K!M22,)3$9!

Q/5.,!:S!%4(6%!04/0!04$%!+,%'.0%!$)!+,%'.0%!04/0!/+,!%$7$./+!$)!%$-)!/)3!7/-)$0'3,!0(!('+!7/$)!*$)3$)-%K!!

!*!E4$.,!6,!&()0+(.!*(+!04,!)(8,.01!(*!04,!3+'-!51!&()0+(..$)-!*(+!/!3+'-P%!1,/+!(*!/22+(8/.!/)3!$0%!MQ:!&(3,D!6,!/.%(!

&()*$+7!04,!+(5'%0),%%!(*!('+!+,%'.0%!0(!04,!$)&.'%$()!(*!/33$0$()/.!&()0+(.%!*(+!04,!)(8,.01!(*!04,!3+'-P%!7,&4/)$%7!(*!

/&0$()!BM22,)3$9!Q/5.,!:XGK!!

"(!=72(+0/)0.1!*(+!%J,6,3!3/0/D!),-/0$8,!5$)(7$/.!7(3,.%!3(!)(0!/%%'7,!04/0!04,!&()3$0$()/.!7,/)!,I'/.%!04,!8/+$>

/)&,D!%'--,%0$)-!04/0!%'&4!%2,&$*$&/0$()%!/+,!7(+,!/22+(2+$/0,!04/)!e($%%()!7(3,.%K!M%!3$%&'%%,3! $)!T,&0$()!XKRK"D!6,!

2+(5,!04,!+(5'%0),%%!(*!('+!,%0$7/0,%!'%$)-!/)!/.0,+)/0$8,!%2,&$*$&/0$()!/)3!*$)3!%$7$./+!+,%'.0%K!!

"!!E,!&/.&'./0,3!04,!$)0,+&./%%!&(++,./0$()!&(,**$&$,)0!/&+(%%!MQ:%!6$04!+,%2,&0!0(!('+!3,2,)3,)0!8/+$/5.,%D!64$&4!3$3!

)(0!.,/3!0(!%0/0$%0$&/..1!%$-)$*$&/)0!3$**,+,)&,%!/&+(%%!-+('2%D!$)3$&/0$)-!04/0!&.'%0,+$)-!/0!04,!MQ:!.,8,.!$%!)(0!+,I'$+,3K!



! "?!
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Figures and Tables

Figure 1: The Quality-Information Space for Regulators
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Figure 2: Timeline of Drug Development and Approval
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Notes: This figure shows the typical timeline of drug development and approval. In particular, it depicts our three
measures of time-to-approval: (1) time from Phase II to NDA submission, (2) time from Phase III to NDA submission,
and (3) time from NDA submission to FDA approval.
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Figure 3: Distribution of Time-to-Market Outcomes
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Notes: This figure shows the distribution of BTD and non-BTD time-to-market outcomes. Observations are at the drug-
level. For more detailed data and variable descriptions, see Section 4.
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Figure 4: Distribution of Adverse Event Outcomes
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Notes: This figure shows the distribution of BTD and non-BTD adverse event rates. Observations are at the drug-level.
For more detailed data and variable descriptions, see Section 4.

37



Table 1: Summary Statistics: Unmatched Drug Sample

BTD Non-BTD
N = 60 N = 336

Mean SD Mean SD P-Value
(1) (2) (3) (4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 0.57 0.50 0.80 0.40 0.00***

Priority Review (0/1) 0.98 0.13 0.45 0.50 0.00***

Fast Track (0/1) 0.50 0.50 0.27 0.45 0.00***

Accelerated Approval (0/1) 0.35 0.48 0.09 0.28 0.00***

Black Box Warning (0/1) 0.23 0.43 0.38 0.49 0.00**

ATC: Cancer (0/1) 0.57 0.50 0.29 0.45 0.00***

ATC: Metabolism (0/1) 0.07 0.25 0.14 0.35 0.11

ATC: Antiinfectives (0/1) 0.15 0.36 0.10 0.31 0.30

ATC: Nervous System (0/1) 0.07 0.25 0.12 0.32 0.24

Sponsor: Private Firm (0/1) 0.12 0.32 0.2 0.40 0.14

Panel B. Time-to-Market Outcomes

Regulatory Review (Months) 7.13 1.97 8.66 3.35 0.00***

Phase 2 to Regulatory Review (Months) 58.48 33.34 74.87 38.36 0.00**

Phase 3 to Regulatory Review (Months) 32.51 26.57 49.71 36.07 0.00***

Panel C. Adverse Event Rate Outcomes

Within 2 Months 2.10 2.78 1.60 3.70 0.50

Within 3 Months 4.21 5.83 1.93 3.95 0.01**

Within 4 Months 10.66 14.35 2.36 5.45 0.00***

Within 5 Months 11.35 17.44 2.46 6.52 0.00***

Within 6 Months 12.25 22.03 2.83 7.98 0.00***

Notes: This table shows drug characteristics for the sample of 396 drugs that are approved between 2006 and 2018. All
variables are measured at the drug-level. For example, “NDA to Approval (Months)” is the average number of months
that a drug spends between NDA submission to approval. The top 4 most common ATC classes are shown. ATC
categories that are not shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic
and immunomodulating agents; antiparasitic products, insecticides and repellents; blood and blood forming clots;
cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; nervous
system; respiratory system; sensory organs; systemic hormonal preparations; and various. Column 5 presents p-values
from t-tests comparing the difference of means. For more detailed data and variable descriptions, see Section 4.
*p<0.10, **p<0.05, ***p<0.001
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Table 2: Synthetic Treatment and Control Group Counts

Total Non-BTD BTD Other
(1) (2) (3) (4)

Pre-BTD Program 169 109 (Imputed Non-BTD) 23 (Imputed BTD) 37

Post-BTD Program 227 167 (True Non-BTD) 60 (True BTD)

Total 396 276 83 37

Notes: This table shows how drug approvals are distributed to synthetic treatment and control groups. The sample
includes all drugs originally approved between 2006 and 2018. “Pre-BTD Program” refers to all drugs that were ap-
proved before July 9, 2012. “Post-BTD Program” refers to all drugs that were approved on/after July 9, 2012. “Other”
refers to the set of pre-BTD program drugs that were matched to neither the set of true BTD drugs nor the set of true
non-BTD drugs.
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Table 3: Summary Statistics: Matched Drug Sample

Imputed + True BTD Imputed + True Non-BTD
N = 83 N = 276

Mean SD Mean SD P-Value
(1) (2) (3) (4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 0.54 0.50 0.82 0.38 0.00***

Priority Review (0/1) 0.96 0.19 .042 0.49 0.00***

Fast Track (0/1) 0.48 0.50 0.28 0.45 0.00***

Accelerated Approval (0/1) 0.30 0.46 0.06 0.24 0.00***

Black Box Warning (0/1) 0 .33 0.47 0.37 0.48 0.50

ATC: Cancer (0/1) 0.59 0.49 0.28 0.45 0.00***

ATC: Metabolism (0/1) 0.05 0.22 0.15 0.36 0.01**

ATC: Antiinfectives (0/1) 0.12 0.33 0.11 0.31 0.69

ATC: Nervous System (0/1) 0.08 0.28 0 .12 0.33 0.33

Sponsor: Private Firm (0/1) 0.13 0.34 0.15 0.36 0.66

Panel B. Time-to-Market Outcomes

Regulatory Review (Months) 6.98 1.97 8.91 3.41 0.00***

Phase 2 to Regulatory Review (Months) 58.62 31.29 77.78 40.37 0.00***

Phase 3 to Regulatory Review (Months) 32.85 24.18 52.16 38.21 0.00***

Panel C. Adverse Event Rate Outcomes

Within 2 Months 1.90 2.60 1.69 3.90 0.77

Within 3 Months 3.54 5.37 2.08 4.08 0.07*

Within 4 Months 8.53 13.2 2.63 5.93 0.00***

Within 5 Months 9.07 15.69 2.66 7.06 0.00***

Within 6 Months 9.74 19.5 3.08 8.64 0.00***

Notes: This table shows drug characteristics for the matched sample of drugs that are approved between 2006 and 2018.
All variables are measured at the drug-level. For example, “NDA to Approval (Months)” is the average number of
months that a drug spends between NDA submission to approval. The top 4 most common ATC classes are shown.
ATC categories that are not shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineo-
plastic and immunomodulating agents; antiparasitic products, insecticides and repellents; blood and blood forming
clots; cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; ner-
vous system; respiratory system; sensory organs; systemic hormonal preparations; and various. Column 5 presents
p-values from t-tests comparing the difference of means. For more detailed data and variable descriptions, see Section
4.
*p<0.10, **p<0.05, ***p<0.001
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Table 4: Impact on Time-to-Market

Reg Review Phase III to Reg Review Phase II to Reg Review

(1) (2) (3) (4) (5) (6) (7) (8) (9)

BTD -0.221∗∗ -0.109 -0.055 -0.252∗∗ -0.188 -0.135 -0.078 0.014 -0.026
(0.074) (0.082) (0.081) (0.123) (0.130) (0.121) (0.092) (0.107) (0.100)

BTD x Post-2012 -0.044 -0.028 -0.058 -0.344∗ -0.306∗ -0.258∗ -0.320∗∗ -0.306∗∗ -0.255∗∗

(0.087) (0.085) (0.084) (0.176) (0.158) (0.144) (0.123) (0.118) (0.111)

Small Molecule -0.085∗∗ -0.094∗∗ 0.127∗ 0.024 0.053 -0.000
(0.040) (0.042) (0.073) (0.084) (0.067) (0.073)

Priority Review -0.239∗∗∗ -0.240∗∗∗ 0.040 0.014 -0.014 0.023
(0.047) (0.045) (0.098) (0.095) (0.074) (0.075)

Private Firm 0.078 0.065 0.210∗ 0.128 0.157∗∗ 0.145∗

(0.053) (0.056) (0.111) (0.110) (0.080) (0.079)

Mean 258.09 258.09 258.09 1,457.5 1,457.5 1,457.5 2,225.22 2,225.22 2,225.22
Controls: Drug Characteristics N Y Y N Y Y N Y Y
Controls: Disease N N Y N N Y N N Y
Observations 359 359 359 340 340 340 310 310 310
log likelihood -2156 -2141 -2129 -2745 -2724 -2707 -2563 -2551 -2540

Notes: This table report negative binomial model estimates of the effect of the BTD program on time-to-market out-
comes. Observations are at the drug-level. Additional controls for drug characteristics include: Fast Track status;
Accelerated Approval status; and whether the drug is approved with a boxed warning. Clinical development times are
observed for a subset of the sample, which accounts for the smaller number of observations in Columns 4-6 relative to
Columns 1-2. Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For
example, the estimates in column 6 imply that drugs experience a decrease in number of days spent between the start
of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 × (exp[-0.258] − 1) =
-22.74%. Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.
*p<0.10, **p<0.05, ***p<0.001
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Table 5: Impact on Adverse Event Rates

2 Months 3 Months 4 Months 5 Months 6 Months
(1) (2) (3) (4) (5)

BTD -0.794 -0.499 -0.227 0.158 0.107
(0.516) (0.514) (0.529) (0.435) (0.500)

BTD x Post-2012 0.463 0.765 0.766 0.331 -0.078
(0.651) (0.612) (0.618) (0.543) (0.588)

Small Molecule 0.584 0.051 -0.001 -0.013 -0.468
(0.376) (0.327) (0.301) (0.317) (0.334)

Priority Review 0.211 0.301 0.470∗ 0.723∗∗ 0.901∗∗∗

(0.342) (0.280) (0.259) (0.269) (0.270)

Private Firm -0.610 -0.064 -0.842∗∗ -0.633 0.224
(0.654) (0.456) (0.405) (0.397) (0.413)

Mean 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y
Controls: Disease Y Y Y Y Y
Observations 136 163 194 215 228
log likelihood -200 -281 -384 -420 -466

Notes: This table report negative binomial model estimates of the effect of the BTD program on adverse event rates.
Observations are at the drug-level and estimates are from negative binomial regressions. Additional controls include
Fast Track status; Accelerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the
year of initial approval. Adverse event rates are observed for a subset of the sample, which accounts for fewer than 359
observations. Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For
example, the estimates in column 1 imply that drugs experience an 100 × (exp[0.463] - 1) = 58.88% increase in adverse
event rates in the 2 months after receiving the BTD designation, though the effects are not statistically significant.
Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.
*p<0.10, **p<0.05, ***p<0.001
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Table 6: Mechanisms: Firm Experience

Reg Review Phase III to Reg Review Phase II to Reg Review

Low Exp High Exp Low Exp High Exp Low Exp High Exp
(1) (2) (3) (4) (5) (6)

BTD -0.084 -0.082 0.078 -0.254 -0.048 0.199
(0.099) (0.147) (0.143) (0.193) (0.131) (0.178)

BTD x Post-2012 -0.077 0.054 -0.510∗∗ -0.227 -0.290∗∗ -0.459∗∗

(0.107) (0.156) (0.185) (0.215) (0.140) (0.188)

Small Molecule -0.110∗ -0.039 0.019 0.006 -0.087 0.058
(0.062) (0.068) (0.109) (0.107) (0.108) (0.098)

Priority Review -0.274∗∗∗ -0.217∗∗ 0.056 -0.113 0.068 -0.097
(0.051) (0.089) (0.115) (0.147) (0.096) (0.136)

Private Firm 0.073 0.096 0.143 -0.090 0.081 0.163
(0.069) (0.141) (0.132) (0.168) (0.089) (0.142)

Mean 265.07 245.94 1,540.42 1,318.43 2,309.83 2,089.43
Controls: Drug Characteristics Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y
Observations 228 131 213 127 191 119
log likelihood -1334 -760 -1689 -981 -1557 -957

Notes: This table report negative binomial model estimates of the effect of the BTD program on time-to-market out-
comes, by sponsor experience. “Low Exp” denotes the set of drugs with sponsors that have low levels of experience
(below median number of previous drug approvals within the same year and ATC class). “High Exp” denotes the set of
drugs with sponsors that have high levels of experience (above median number of previous drug approvals within the
same year and ATC class). Observations are at the drug-level. Additional controls include Fast Track status; Acceler-
ated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial approval.
Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.
*p<0.10, **p<0.05, ***p<0.001

43



Table 7: Mechanisms: Trial Characteristics

Trial Size Trial Design Complexity

Number of Number of Number of Randomized Double Blinded
Patients Facilities Arms (0/1) Masking (0/1)

(1) (2) (3) (4) (5)

Panel A. Phase III Trials
BTD -11.281 -48.254 -0.241 0.086 0.171

(27.718) (434.867) (0.234) (0.079) (0.113)

BTD x Post-2012 1.778 -84.564 0.264 -0.159∗ -0.446∗∗∗

(31.892) (456.107) (0.410) (0.087) (0.122)

Small Molecule 12.055 519.766∗ -0.087 0.115∗∗ 0.105
(19.642) (312.414) (0.218) (0.043) (0.065)

Priority Review -7.043 -746.762 -0.187 -0.008 0.030
(21.139) (475.378) (0.196) (0.037) (0.071)

Private Firm -19.623 -62.320 -0.253 -0.227∗∗∗ -0.214∗∗

(16.752) (180.932) (0.177) (0.068) (0.073)

Mean 108.84 1015.77 2.46 0.89 0.71
Observations 287 332 307 340 333
R

2 0.227 0.306 0.113 0.201 0.241

Panel B. Phase II Trials
BTD -54.124 -13.623 0.043 -0.036 -0.018

(58.786) (8.598) (0.698) (0.151) (0.107)

BTD x Post-2012 52.214 1.015 0.295 -0.034 -0.087
(57.624) (8.657) (0.785) (0.163) (0.123)

Small Molecule 27.966 -3.044 0.171 -0.102 -0.042
(31.966) (6.474) (0.406) (0.069) (0.064)

Priority Review -82.683∗ -1.897 -1.124∗∗ -0.131 -0.189∗∗

(44.206) (7.192) (0.440) (0.088) (0.071)

Private Firm 8.378 2.707 -0.329 0.056 -0.118
(39.598) (7.161) (0.479) (0.080) (0.102)

Mean 197.51 27.29 3.19 0.77 0.52
Observations 281 242 243 224 281
R

2 0.188 0.126 0.164 0.382 0.420

Notes: This table report OLS model estimates of the effect of the BTD program on trial characteristics. Observations
are at the drug-level. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Columns show fewer than 359 observations
due to missing data on trial characteristics. Estimates in Panel A are conducted on the set of drugs that have non-
missing data on the time between the start of Phase III trials and NDA submission. Estimates in Panel B are conducted
on the set of drugs that have non-missing data on the time between the start of Phase II and NDA submission. Robust
standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.
*p<0.10, **p<0.05, ***p<0.001
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Figure A1: Timeline of Drug Development and FDA Expedited Programs
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Notes: This figure shows the typical timeline of drug development and FDA Expedited Programs.
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Table A1: FDA Expedited Review Programs

Program Year Introduced Drug Criteria

Priority Review
Designation

1992 Drugs that provide a signif-
icant improvement in safety
and effectiveness receive
shortened review (6 months
vs. the standard 10 months)

Accelerated Ap-
proval Pathway

1992 Drugs that provide a mean-
ingful advantage over avail-
able therapies and demon-
strate an effect on a meaning-
ful clinical endpoint receive
approval based on an inter-
mediate clinical endpoint.

Fast Track Designa-
tion

1997 Drugs with nonclinical or
clinical data that demon-
strate the potential to ad-
dress an unmet medical need
or have been designated as
a qualified infectious dis-
ease product receive expe-
dited development and re-
view and are eligible for
rolling review.

Source: https://www.fda.gov/files/drugs/published/

Expedited-Programs-for-Serious-Conditions-Drugs-and-Biologics.

pdf
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Table C1: Impact of BTD on Phase IV Trials

Any Phase IV Trial
(Mean = 0.57)

(1) (2) (3)

BTD -0.141 -0.059 -0.054
(0.113) (0.131) (0.136)

BTD x Post-2012 0.226∗ 0.174 0.169
(0.134) (0.146) (0.150)

NDA -0.053 -0.064
(0.063) (0.066)

Priority Review -0.121∗ -0.086
(0.068) (0.070)

Private Firm -0.114 -0.115
(0.077) (0.080)

Controls: Drug Characteristics N Y Y
Controls: Disease N N Y
Observations 343 343 343
R

2 0.133 0.177 0.226

Notes: This table reports estimates of the effect of the BTD program on the likelihood of a Phase IV clinical trial. The
outcome is an indicator for whether any Phase IV clinical trial is required. Observations are at the drug-level and esti-
mates are from OLS regressions. Additional controls include Fast Track status; Accelerated Approval status; whether
the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 observations due to
missing data. Robust standard errors are in parentheses. For additional detail on the sample, see Section 5.1.
*p<0.10, **p<0.05, ***p<0.001
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Table C2: Summary Statistics: Post-BTD Sample

BTD Non-BTD
N = 60 N = 167

Mean SD Mean SD P-Value
(1) (2) (3) (4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 0.57 0.50 0.79 0.41 0.00***

Priority Review (0/1) 0.98 0.13 0.49 0.50 0.00***

Fast Track (0/1) 0.50 0.50 0.36 0.48 0.06*

Accelerated Approval (0/1) 0.35 0.48 0.07 0.25 0.00***

Black Box Warning (0/1) 0.23 0 .43 0.33 0.47 0.17

ATC: Cancer (0/1) 0.57 0.50 0.28 0.45 0.00***

ATC: Metabolism (0/1) 0.07 0.25 0.16 0.36 0.08*

ATC: Antiinfectives (0/1) 0.15 0.36 0.13 0.34 0.73

ATC: Nervous System (0/1) 0.07 0.25 0.11 0.31 0.36

Sponsor: Private Firm (0/1) 0.12 0.32 0.16 0.36 0.46

Panel B. Time-to-Market Outcomes

Regulatory Review (Months) 7.13 1.97 9.24 3.03 0.00***

Phase 2 to Regulatory Review (Months) 58.48 33.34 85.85 43.23 0.00***

Phase 3 to Regulatory Review (Months) 32.51 26.57 57.56 44.79 0.00***

Panel C. Adverse Event Rate Outcomes

Within 2 Months 2.10 2.78 2.20 4.53 0.92

Within 3 Months 4.21 5.83 2.87 4.83 0.24

Within 4 Months 10.66 14.35 3.59 7.10 0.00***

Within 5 Months 11.35 17.44 3.78 8.90 0.00***

Within 6 Months 12.25 22.03 4.17 10.82 0.00***

Notes: This table shows drug characteristics for the sample of 227 drugs whose NDAs were submitted between July 9,
2012 and December 31, 2018. All variables are measured at the drug-level. For example, “NDA to Approval (Months)”
is the average number of months that a drug spends between NDA submission to approval. The top 4 most common
ATC classes are shown. ATC categories that are not shown include: alimentary tract and metabolism; anti-infectives for
systemic use; antineoplastic and immunomodulating agents; antiparasitic products, insecticides and repellents; blood
and blood forming clots; cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-
skeletal system; nervous system; respiratory system; sensory organs; systemic hormonal preparations; and various.
Column 5 presents p-values from t-tests comparing the difference of means.
*p<0.10, **p<0.05, ***p<0.001
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Table C3: Impact of BTD Program: Assigning Unmatched Drugs as Imputed Non-BTD drugs

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.093 -0.176 -0.037 -0.683 -0.677 -0.356 -0.013 0.060
(0.075) (0.113) (0.095) (0.479) (0.489) (0.509) (0.447) (0.502)

BTD x Post-2012 -0.045 -0.250∗ -0.249∗∗ 0.367 0.888 0.918 0.521 -0.030
(0.080) (0.142) (0.110) (0.636) (0.612) (0.605) (0.554) (0.593)

Small Molecule -0.114∗∗ 0.013 -0.002 0.577 0.074 0.072 0.064 -0.357
(0.040) (0.078) (0.068) (0.372) (0.323) (0.295) (0.314) (0.332)

Priority Review -0.218∗∗∗ 0.088 0.025 0.085 0.161 0.314 0.522∗∗ 0.741∗∗

(0.044) (0.086) (0.067) (0.312) (0.255) (0.229) (0.246) (0.251)

Private Firm 0.032 0.157∗ 0.153∗∗ -0.277 -0.050 -0.564∗ -0.446 0.043
(0.048) (0.088) (0.059) (0.494) (0.347) (0.327) (0.318) (0.323)

Mean 256.95 1,438.48 2,199.22 1.69 2.35 3.66 3.8 4.21
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 396 371 338 151 181 217 239 253
log likelihood -2355 -2949 -2760 -220 -304 -416 -453 -496

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates using
a drug sample where drugs that are not algorithmically matched to the true BTD or true non-BTD are categorized as
imputed non-BTD. Observations are at the drug-level and estimates are from negative binomial regressions. Additional
controls include Fast Track status; Accelerated Approval status; whether the drug is approved with a boxed warning;
ATC class; and the year of initial approval. Several columns show fewer than 396 observations due to missing data.
Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For example, the
estimates in column 2 imply that drugs experience a decrease in number of days spent between the start of Phase III and
NDA submission after receiving BTD designation, a statistically significant 100 × (exp[-0.282] − 1) = -24.57%. Robust
standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001]
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Table C4: Impact of BTD Program: Controlling for Drug Cohort

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.066 -0.079 -0.002 -0.689 -0.561 -0.296 0.244 0.185
(0.084) (0.122) (0.100) (0.458) (0.544) (0.526) (0.462) (0.458)

BTD x Post-2012 -0.046 -0.315∗∗ -0.315∗∗ -0.103 0.496 0.823 0.334 0.030
(0.089) (0.147) (0.111) (0.583) (0.610) (0.582) (0.521) (0.520)

Small Molecule -0.104∗∗ 0.025 0.017 0.391 -0.106 -0.120 -0.107 -0.453
(0.041) (0.086) (0.072) (0.403) (0.359) (0.303) (0.300) (0.306)

Priority Review -0.232∗∗∗ -0.023 0.031 0.127 0.112 0.319 0.678∗∗ 0.836∗∗∗

(0.047) (0.097) (0.076) (0.312) (0.277) (0.250) (0.247) (0.248)

Private Firm 0.055 0.148 0.146∗ -0.187 0.050 -0.711∗ -0.579 0.186
(0.055) (0.111) (0.079) (0.712) (0.487) (0.432) (0.391) (0.412)

Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2137 -2707 -2538 -200 -285 -385 -419 -463

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in regres-
sions that control for drug cohort (as measured by submission year). Observations are at the drug-level and estimates
are from negative binomial regressions. Additional controls include Fast Track status; Accelerated Approval status;
whether the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 observa-
tions due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable as
elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 ×

(exp[-0.315] − 1) = -27.02%. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001
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Table C5: Impact of BTD Program: Controlling for Novelty of Drug Mechanism of Action

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.040 -0.090 -0.011 -0.750 -0.502 -0.279 0.082 0.045
(0.081) (0.122) (0.101) (0.542) (0.532) (0.534) (0.436) (0.482)

BTD x Post-2012 -0.060 -0.262∗ -0.267∗∗ 0.423 0.787 0.766 0.318 -0.090
(0.084) (0.145) (0.113) (0.695) (0.633) (0.616) (0.538) (0.566)

Small Molecule -0.108∗∗ -0.002 -0.007 0.363 0.069 0.105 0.125 -0.396
(0.043) (0.083) (0.076) (0.401) (0.322) (0.298) (0.312) (0.321)

Priority Review -0.245∗∗∗ -0.004 0.018 0.331 0.335 0.486∗∗ 0.810∗∗∗ 0.916∗∗∗

(0.045) (0.093) (0.075) (0.337) (0.271) (0.243) (0.246) (0.260)

Private Firm 0.046 0.086 0.141∗ -0.659 -0.054 -0.796∗∗ -0.555 0.249
(0.058) (0.103) (0.077) (0.666) (0.461) (0.400) (0.394) (0.404)

Mean 258.09 1457.5 2225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2128 -2703 -2539 -199 -279 -383 -416 -464

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in regres-
sions that control for the novelty of the drug’s mechanism of action. A drug is considered to have a novel mechanism
of action if no previous drug approved contained the mechanism of action. Observations are at the drug-level and
estimates are from negative binomial regressions. Additional controls include Fast Track status; Accelerated Approval
status; whether the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 ×

(exp[-0.267] − 1) = -23.43%. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001
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Table C6: Impact on Adverse Event Levels

2 Months 3 Months 4 Months 5 Months 6 Months
(1) (2) (3) (4) (5)

BTD 0.106 0.025 0.189 0.142 0.120
(0.467) (0.459) (0.400) (0.404) (0.405)

BTD x Post-2012 1.355∗∗ 1.221∗∗ 0.992∗∗ 1.062∗∗ 1.013∗∗

(0.538) (0.523) (0.482) (0.484) (0.489)

Small Molecule 0.757∗∗ 0.792∗∗ 0.625∗∗ 0.657∗∗ 0.464
(0.286) (0.277) (0.291) (0.278) (0.289)

Priority Review -0.257 -0.291 -0.229 -0.255 -0.370
(0.287) (0.279) (0.240) (0.246) (0.249)

Private Firm -1.947∗∗∗ -1.502∗∗∗ -1.583∗∗∗ -1.611∗∗∗ -1.650∗∗∗

(0.332) (0.328) (0.292) (0.287) (0.284)

Mean 10.05 22.22 55.47 78.68 116.01
Controls: Drug Characteristics Y Y Y Y Y
Controls: Disease Y Y Y Y Y
Observations 359 359 359 359 359
log likelihood -888 -1149 -1460 -1592 -1715

Notes: This table report estimates of the effect of the BTD program on adverse event levels. Observations are at the
drug-level and estimates are from negative binomial regressions. Additional controls include Fast Track status; Ac-
celerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial
approval. Several columns show fewer than 359 observations due to missing data. Exponentiating the coefficients and
differencing from one yield numbers interpretable as elasticities. For example, the estimates in column 1 imply that
drugs experience an 100 × (exp[1.355] - 1) = 287.68% increase in adverse event levels in the 2 months after receiving the
BTD designation, though the effects are not statistically significant. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001
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Table C7: Impact of BTD Program: Excluding Clinical Trials that Occur Post-Designation

Dep Variable: Phase III to Reg Review Dep Variable: Phase II to Reg Review

Original Sample
Excl. BTD drugs that

Original Sample
Excl. BTD drugs that

Occur After Phase III Occur After Phase II
(1) (2) (3) (4)

BTD -0.135 -0.109 -0.026 -0.007
(0.121) (0.124) (0.100) (0.103)

BTD x Post-2012 -0.258∗ -0.737∗∗ -0.255∗∗ -0.212
(0.144) (0.230) (0.111) (0.342)

Small Molecule 0.024 0.051 -0.000 0.010
(0.084) (0.090) (0.073) (0.084)

Priority Review 0.014 -0.041 0.023 0.025
(0.095) (0.094) (0.075) (0.081)

Private Firm 0.128 0.155 0.145∗ 0.166∗

(0.110) (0.115) (0.079) (0.086)

Mean 1,457.5 1,493.72 2,225.22 2,314.49
Controls: Drug Characteristics Y Y Y Y
Controls: Disease Y Y Y Y
Observations 340 303 310 259
log likelihood -2707 -2417 -2540 -2128

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates. Columns
1 and 3 use the original drug sample and replicates the results shown in Table 4, Columns 6 and 9, respectively. Columns
2 and 4 use drug samples that excludes BTD drugs whose BTD designation is given after the start of the focal trial. For
example, Column 2 excludes drugs whose Phase III trial begins after the BTD designation is given. Observations are
at the drug-level and estimates are from negative binomial regressions. Additional controls include Fast Track status;
Accelerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial
approval. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001]
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Table C8: Impact of BTD Program: No Controls For Developer Type

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.053 -0.116 -0.023 -0.805 -0.496 -0.262 0.131 0.113
(0.081) (0.121) (0.100) (0.521) (0.514) (0.511) (0.426) (0.506)

BTD x Post-2012 -0.062 -0.282∗∗ -0.260∗∗ 0.453 0.762 0.792 0.341 -0.073
(0.084) (0.144) (0.110) (0.650) (0.610) (0.607) (0.540) (0.594)

NDA -0.099∗∗ 0.022 -0.009 0.564 0.046 -0.078 -0.099 -0.433
(0.042) (0.083) (0.073) (0.377) (0.325) (0.301) (0.307) (0.324)

Priority Review -0.240∗∗∗ 0.021 0.024 0.219 0.300 0.475∗ 0.726∗∗ 0.890∗∗∗

(0.045) (0.099) (0.076) (0.342) (0.279) (0.262) (0.273) (0.269)

Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2130 -2708 -2542 -200 -281 -386 -421 -466

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in re-
gressions that do not control for developer type. Observations are at the drug-level and estimates are from negative
binomial regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 ×

(exp[-0.282] − 1) = -24.57%. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001]
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Table C9: Impact of BTD Program: OLS Specification

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -18.087 -156.115 -95.839 -1.640 -0.784 -1.903 -1.308 -2.611
(18.830) (172.973) (223.392) (1.182) (0.916) (1.315) (1.676) (2.205)

BTD x Post-2012 -11.916 -356.289∗ -532.372∗∗ 0.111 1.683 6.805∗∗ 5.657 6.100
(19.819) (211.957) (240.915) (1.326) (1.367) (2.938) (3.427) (4.375)

nda -27.581∗∗ 66.315 49.072 0.843 0.423 -2.252 -2.767 -4.502
(11.099) (117.242) (163.239) (0.610) (1.062) (2.468) (2.875) (3.724)

Priority (0/1) -61.925∗∗∗ 52.583 91.219 0.633 0.182 1.078 2.360 3.500∗

(12.363) (187.932) (209.280) (0.784) (0.702) (1.257) (1.542) (1.921)

Private Sponsor 11.451 328.042 326.385 -0.812 -0.039 -0.992 -0.585 0.213
(0/1) (14.897) (238.876) (213.757) (0.910) (0.937) (1.121) (1.516) (1.818)

Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
R

2 0.305 0.233 0.259 0.211 0.251 0.270 0.227 0.204

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes using OLS specifica-
tions. Observations are at the drug-level. Additional controls include Fast Track status; Accelerated Approval status;
whether the drug is approved with a boxed warning; ATC class; and the year of initial approval. Several columns show
fewer than 359 observations due to missing data. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001

xxxiv



Table C10: Impact of BTD Program: Restricted to 2010-2018 Approvals

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.024 -0.121 -0.083 -1.235∗∗ -0.826 -0.862 0.033 0.228
(0.100) (0.164) (0.126) (0.606) (0.682) (0.591) (0.533) (0.684)

BTD x Post-2012 -0.074 -0.296∗ -0.188 0.905 1.171 1.362∗∗ 0.416 -0.235
(0.098) (0.175) (0.130) (0.704) (0.731) (0.682) (0.629) (0.760)

Small Molecule -0.104∗∗ 0.021 0.019 -0.032 -0.201 -0.155 -0.154 -0.623∗

(0.044) (0.100) (0.082) (0.392) (0.310) (0.305) (0.330) (0.336)

Priority Review -0.287∗∗∗ 0.052 0.025 0.386 0.262 0.488∗ 0.787∗∗ 1.033∗∗∗

(0.043) (0.114) (0.084) (0.379) (0.304) (0.274) (0.295) (0.299)

Private Firm 0.040 0.125 0.097 -1.777∗∗ -0.558 -1.344∗∗ -1.039∗∗ -0.415
(0.062) (0.130) (0.089) (0.843) (0.503) (0.438) (0.449) (0.477)

Mean 261.97 1,528.82 2,351.97 2.07 2.88 4.65 4.72 5.2
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 294 277 263 106 129 156 175 187
log likelihood -1710 -2227 -2176 -172 -244 -335 -370 -408

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes for the sample of
drugs approved between 2010 and 2018. Observations are at the drug-level and estimates are from negative binomial
regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is approved
with a boxed warning; ATC class; and the year of initial approval. Exponentiating the coefficients and differencing from
one yield numbers interpretable as elasticities. For example, the estimates in column 2 imply that drugs experience a
decrease in number of days spent between the start of Phase III and NDA submission after receiving BTD designation,
by 100 × (exp[-0.166] − 1) = -15.30%, though the effects are not statistically significant. Robust standard errors are in
parentheses.
*p<0.10, **p<0.05, ***p<0.001
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Table C11: Fast Track as Placebo

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review 3 Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

Fast 0.114 0.080 0.055 0.462 0.537 0.400 0.690∗ -0.035
(0.095) (0.102) (0.083) (0.461) (0.441) (0.383) (0.377) (0.406)

Fast x Post-2012 -0.059 -0.062 -0.097 0.230 0.106 0.416 -0.168 0.548
(0.099) (0.135) (0.107) (0.518) (0.506) (0.456) (0.456) (0.478)

Small Molecule -0.071∗ 0.101 0.078 0.529 -0.035 -0.037 -0.121 -0.518
(0.043) (0.083) (0.066) (0.380) (0.316) (0.300) (0.307) (0.327)

Priority Review -0.282∗∗∗ -0.042 -0.016 -0.015 0.231 0.575∗∗ 0.762∗∗ 0.910∗∗∗

(0.044) (0.093) (0.070) (0.367) (0.259) (0.240) (0.257) (0.261)

Private Firm 0.040 0.148 0.128∗ -0.186 0.105 -0.693∗ -0.497 0.285
(0.052) (0.110) (0.077) (0.584) (0.408) (0.402) (0.399) (0.393)

Mean 261.01 1,461.24 2,232.33 1.73 2.59 4.07 4.17 4.6
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 347 327 303 130 155 186 204 218
log likelihood -2068 -2612 -2487 -192 -271 -368 -396 -439

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes using drugs with Fast
Track status as a placebo. Observations are at the drug-level and estimates are from negative binomial regressions.
The sample for this analysis consists of 347 drugs. Additional controls include Fast Track status; Accelerated Approval
status; whether the drug is approved with a boxed warning; ATC class; and the year of initial approval. Robust standard
errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001
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Figure D1: TRENDS IN TIME-TO-MARKET
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Notes: This figure shows trends in time-to-market outcomes for the 396 drugs that are approved between 2006 and 2018.
Observations are at the drug-level. For more detailed data and variable descriptions, see Section 4.
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Figure D2: TRENDS IN TIME-TO-MARKET FOR BTD VS. NON-BTD SAMPLE
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Notes: This figure shows trends in time-to-market outcomes for the 396 drugs that are approved between 2006 and 2018.
Panels A and C show average time-to-market outcomes for true BTD and true non-BTD drugs. Panels B and C show
average time-to-market outcomes for imputed and true BTD and non-BTD drugs. Observations are at the drug-level.
For more detailed data and variable descriptions, see Section 4.
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Table D1: Summary Statistics: Imputed and True Non-BTD Sample

Imputed True
N = 109 N = 167

Mean SD Mean SD P-Value
(1) (2) (3) (4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 0.87 0.34 0.79 0.41 0.09*

Priority Review (0/1) 0.30 0.46 0.49 0.50 0.00***

Fast Track (0/1) 0.16 0.36 0.36 0.48 0.00***

Accelerated Approval (0/1) 0.06 0.23 0.07 0.25 0.72

Black Box Warning (0/1) 0.42 0.50 0.33 0.47 0.12

ATC: Cancer (0/1) 0.28 0.45 0.28 0.45 1.00

ATC: Metabolism (0/1) 0.15 0.36 0.16 0.36 0.84

ATC: Antiinfectives (0/1) 0.06 0.25 0.13 0.34 0.07*

ATC: Nervous System (0/1) 0.15 0.36 0.11 0.31 0.34

Sponsor: Private Firm (0/1) 0.15 0.36 0.16 0.36 0.84

Sponsor: Research Experience (# Approved Drugs) 3.34 3.98 3.71 4.54 0.49

Panel B. Time-to-Market Outcomes

Regulatory Review (Months) 8.40 3.89 9.24 3.03 0.04**

Phase 2 to Regulatory Review (Months) 63.03 29.48 85.85 43.23 0.00***

Phase 3 to Regulatory Review (Months) 44.03 23.21 57.56 44.79 0.00***

Panel C. Adverse Event Outcomes

Within 2 Months 1.21 3.16 2.20 4.53 0.21

Within 3 Months 1.31 3.02 2.87 4.83 0.03**

Within 4 Months 1.47 3.85 3.59 7.1 0.03**

Within 5 Months 1.25 3.14 3.78 8.9 0.02**

Within 6 Months 1.69 4.20 4.17 10.82 0.06*

Notes: This table compares drug characteristics for true and imputed non-BTD drugs. All variables are measured at
the drug-level. For example, “NDA to Approval (Months)” is the average number of months that a drug spends be-
tween NDA submission to approval. The top 4 most common ATC classes are shown. ATC categories that are not
shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic and immunomodulat-
ing agents; antiparasitic products, insecticides and repellents; blood and blood forming clots; cardiovascular system;
dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; nervous system; respiratory sys-
tem; sensory organs; systemic hormonal preparations; and various. Column 5 presents p-values from t-tests comparing
the difference of means.
*p<0.10, **p<0.05, ***p<0.001
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Table D2: Summary Statistics: Imputed and True BTD Sample

Imputed True
N = 23 N = 60

Mean SD Mean SD P-Value
(1) (2) (3) (4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 0.48 0.51 0.57 0.50 0.48

Priority Review (0/1) 0.91 0.29 0.98 0.13 0.13

Fast Track (0/1) 0.43 0.51 0.50 0.50 0.60

Accelerated Approval (0/1) 0.17 0.39 0.35 0.48 0.12

Black Box Warning (0/1) 0.57 0.51 .23 0.43 0.00***

ATC: Cancer (0/1) 0.65 0.49 0.57 0.5 0.48

ATC: Metabolism (0/1) 0.00 0.00 0.07 0.25 0.21

ATC: Antiinfectives (0/1) 0.04 0.21 0.15 0.36 0.19

ATC: Nervous System (0/1) 0.13 0.34 0.07 0.25 0.36

Panel B. Time-to-Market Outcomes

Sponsor: Private Firm (0/1) 0.17 0.39 0.12 0.32 0.50

Firm Experience (# Approved Drugs) 2.65 3.49 5.6 5.71 0.02**

Panel C. Adverse Event Outcomes

Regulatory Review (Months) 6.58 1.97 7.13 1.97 0.26

Phase 2 to Regulatory Review (Months) 58.99 25.65 58.48 33.34 0.95

Phase 3 to Regulatory Review (Months) 33.71 17.29 32.51 26.57 0.85

Within 2 Months 1.10 1.57 2.10 2.78 0.37

Within 3 Months 1.09 1.83 4.21 5.83 0.12

Within 4 Months 1.29 1.62 10.66 14.35 0.05*

Within 5 Months 2.21 3.85 11.35 17.44 0.08*

Within 6 Months 2.58 4.74 12.25 22.03 0.13

Notes: This table compares drug characteristics for true and imputed BTD drugs. All variables are measured at the
drug-level. For example, “NDA to Approval (Months)” is the average number of months that a drug spends between
NDA submission to approval. The top 4 most common ATC classes are shown. ATC categories that are not shown in-
clude: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic and immunomodulating agents;
antiparasitic products, insecticides and repellents; blood and blood forming clots; cardiovascular system; dermatolog-
icals; genitourinary system and sex hormones; musculo-skeletal system; nervous system; respiratory system; sensory
organs; systemic hormonal preparations; and various. Column 5 presents p-values from t-tests comparing the differ-
ence of means.
*p<0.10, **p<0.05, ***p<0.001
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Table D3: Impact of BTD Program: Controlling for Time Trends

Time-to-Market Adverse Event Rates

Reg Review
Phase III to Phase II to

2 Months 3 Months 4 Months 5 Months 6 Months
Reg Review Reg Review

(1) (2) (3) (4) (5) (6) (7) (8)

BTD -0.055 -0.135 -0.026 -0.794 -0.499 -0.227 0.158 0.107
(0.081) (0.121) (0.100) (0.516) (0.514) (0.529) (0.435) (0.500)

BTD x Post-2012 -0.058 -0.258∗ -0.255∗∗ 0.463 0.765 0.766 0.331 -0.078
(0.084) (0.144) (0.111) (0.651) (0.612) (0.618) (0.543) (0.588)

Small Molecule -0.094∗∗ 0.024 -0.000 0.584 0.051 -0.001 -0.013 -0.468
(0.042) (0.084) (0.073) (0.376) (0.327) (0.301) (0.317) (0.334)

Priority Review -0.240∗∗∗ 0.014 0.023 0.211 0.301 0.470∗ 0.723∗∗ 0.901∗∗∗

(0.045) (0.095) (0.075) (0.342) (0.280) (0.259) (0.269) (0.270)

Private Firm 0.065 0.128 0.145∗ -0.610 -0.064 -0.842∗∗ -0.633 0.224
(0.056) (0.110) (0.079) (0.654) (0.456) (0.405) (0.397) (0.413)

Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2129 -2707 -2540 -200 -281 -384 -420 -466

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in re-
gressions that additionally control for time trends. Observations are at the drug-level and estimates are from negative
binomial regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 ×

(exp[-0.258] − 1) = -22.74%. Robust standard errors are in parentheses.
*p<0.10, **p<0.05, ***p<0.001
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