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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 
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FIGURE 19 
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FIGURE 21 
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FIGURE 22 
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FIGURE 24 
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STABLE AQUEOUS FORMULATIONS OF There is still need for stable liquid formulations of adalim 
ADALIMUMAB umab that allow its long term storage without substantial 

loss in efficacy . 
FIELD OF THE INVENTION 

SUMMARY OF THE INVENTION 
The present invention relates to aqueous pharmaceutical 

compositions suitable for long - term storage of adalimumab The invention provides stable aqueous formulations com 
( including antibody proteins considered or intended as " bio prising adalimumab that allow its long term storage . 
similar ” or " bio - better ” variants of commercially available In a first embodiment , the invention provides a stable 
adalimumab ) , methods of manufacture of the compositions , 10 aqueous pharmaceutical composition comprising adalim 
methods of their administration , and kits containing the umab ; a stabilizer comprising at least one member selected 
same . from the group consisting of a polyol and a surfactant ; and 

a buffer selected from the group consisting of citrate , phos 
BACKGROUND OF THE INVENTION phate , succinate , histidine , tartrate and maleate , wherein said 

composition has a pH of about 4 to about 8 and preferably 
Tumor necrosis factor alpha ( TNFa ) is a naturally occur about 5 to about 6 , and wherein said buffer does not 

ring mammalian cytokine produced by various cell types , comprise a combination of citrate and phosphate , and pref 
including monocytes and macrophages in response to endo - erably does not comprise any citrate buffer . In this embodi 
toxin or other stimuli . TNFa is a major mediator of inflam - 20 ment , the stabilizer preferably comprises both polyol and 
matory , immunological , and pathophysiological reactions surfactant . 
( Grell , M . , et al . ( 1995 ) Cell , 83 : 793 - 802 ) . In a second embodiment , utilizing a single buffer system , 

Soluble TNFa is formed by the cleavage of a precursor the invention provides a stable aqueous pharmaceutical 
transmembrane protein ( Kriegler , et al . ( 1988 ) Cell 53 : composition comprising adalimumab , a polyol , a surfactant , 
45 - 53 ) , and the secreted 17 kDa polypeptides assemble to 25 and a buffer system comprising a single buffering agent , said 
soluble homotrimer complexes ( Smith , et al . ( 1987 ) , J . Biol . single buffering agent being selected from citrate , phos 
Chem . 262 : 6951 - 6954 ; for reviews of TNF , see Butler , et al . phate , succinate , histidine , tartrate or maleate , but not 
( 1986 ) , Nature 320 : 584 ; Old ( 1986 ) , Science 230 : 630 ) . including combinations of the foregoing ; wherein the for 
These complexes then bind to receptors found on a variety m ulation has a pH of about 4 to 8 , and preferably about 5 to 
of cells . Binding produces an array of pro - inflammatory 30 about 6 . Histidine and succinate are particularly preferred 
effects , including ( i ) release of other pro - inflammatory for use as single buffering agents . As used herein the term 
cytokines such as interleukin ( IL ) - 6 , IL - 8 , and IL - 1 , ( ii ) buffer , buffer system , or buffering agent , and like terminol 
release of matrix metalloproteinases and ( iii ) up - regulation ogy , is intended to denoted buffer components that introduce 
of the expression of endothelial adhesion molecules , further buffer capacity in the formulation in addition to any buff 
amplifying the inflammatory and immune cascade by 35 ering capacity offered by the protein itself , hence the term 
attracting leukocytes into extravascular tissues . " buffer ” , etc , is not intended to include the protein itself as 

There are many disorders associated with elevated levels a self buffering entity . 
of TNFa . For example , TNFa has been shown to be In a third embodiment , the invention provides a stable 
up - regulated in a number of human diseases , including aqueous pharmaceutical composition comprising adalim 
chronic diseases such as rheumatoid arthritis ( RA ) , inflam - 40 umab , a stabilizer comprising at least one member selected 
matory bowel disorders , including Crohn ' s disease and from a polyol and a surfactant , wherein said composition has 
ulcerative colitis , sepsis , congestive heart failure , asthma a pH of about 4 to about 8 , and preferably about 5 to about 
bronchiale and multiple sclerosis . TNFa is also referred to 6 , and wherein said composition is substantially free of a 
as a pro - inflammatory cytokine . buffer . 

Physiologically , TNFa is also associated with protection 45 In a fourth embodiment , the invention provides a stable 
from particular infections ( Cerami . et al . ( 1988 ) , Immunol . aqueous pharmaceutical composition comprising adalim 
Today 9 : 28 ) . TNFa is released by macrophages that have umab , a polyol , and a buffer selected from the group 
been activated by lipopolysaccharides of Gram - negative consisting of citrate , phosphate , succinate , histidine , tartrate 
bacteria . As such , TNFa appears to be an endogenous and maleate , wherein said composition has a pH of about 4 
mediator of central importance involved in the development 50 to about 8 and preferably about 5 to about 6 , and wherein 
and pathogenesis of endotoxic shock associated with bac - said composition is free or substantially free of a surfactant . 
terial sepsis . Preferably , the composition ( i ) does not contain the buffer 

Adalimumab ( Humira® , AbbVie , Inc . ) is a recombinant combination of citrate and phosphate ; and ( ii ) the buffer is 
human IgG1 monoclonal antibody specific for human TNF . at least one member selected from the group consisting of 
This antibody is also known as D2E7 . Adalimumab consists 55 histidine and succinate ; and ( iii ) the polyol is selected from 
of 1330 amino acids and has a molecular weight of approxi - the group consisting of mannitol , sorbitol and trehalose . 
mately 148 kilodaltons . Adalimumab has been described and In a fifth embodiment , the invention provides a stable 
claimed in U . S . Pat . No . 6 , 090 , 382 , the disclosure of which aqueous pharmaceutical composition comprising adalim 
is hereby incorporated by reference in its entirety . Adalim - umab , a surfactant , and a buffer selected from the group 
umab is usually produced by recombinant DNA technology 60 consisting of citrate , phosphate , succinate , histidine , tartrate 
in a mammalian cell expression system , such as , for and maleate , wherein said composition has a pH of about 4 
example , Chinese Hamster Ovary cells . Adalimumab binds to 8 and preferably about 5 to about 6 , and wherein said 
specifically to TNFa and neutralizes the biological function composition is substantially free of polyol . Preferably , the 
of TNF by blocking its interaction with the p55 and p75 cell composition ( i ) does not contain the buffer combination of 
surface TNF receptors . 65 citrate and phosphate ; and ( ii ) the buffer is at least one 

Various formulations of adalimumab are known in the art . member selected from the group consisting of histidine and 
See , for example , U . S . Pat . Nos . 8 , 216 , 583 and 8 , 420 , 081 . succinate , including combinations thereof . 
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In each of the five embodiments discussed above , the of polysorbate 80 is in the range of about 0 . 01 to about 0 . 2 
composition may optionally further comprise a stabilizer wt % . Optionally , this formulation may include up to about 
selected from the group consisting of an amino acid , a salt , 100 mM NaCl . The present invention also contemplates 
ethylenediaminetetraacetic acid ( EDTA ) and a metal ion . modification of this formulation to combine the histidine 
The amino acid stabilizer may be selected from the group 5 buffer with one or more of citrate , acetate , phosphate , 
consisting of glycine , alanine , glutamate , arginine and maleate , tartrate buffers . 
methionine . The salt stabilizer may be selected from the In yet another embodiment , the adalimumab formulation 
group consisting of sodium chloride and sodium sulfate . The of the present invention comprises , consists of , or consists 
metal ion stabilizer may be selected from the group con - essentially of , adalimumab , histidine buffer as the sole 
sisting of zinc , magnesium and calcium . Preferably , adali - 10 buffer , mannitol ( or sorbitol or trehelose ) , and polysorbate 
mumab formulations containing the stabilizers mentioned 80 , and further being free or substantially free of the 
above also do not contain buffer systems in which phosphate non - surfactant stabilizers ( e . g . glycine , arginine , etc . ) refer 
buffer and citrate buffer are present in combination , and , enced above . In this formulation , the amount of adalimumab 
most preferably contains buffer systems free or substantially is 20 to 150 mg / ml ; the amount of histidine buffer is up to 
free of citrate buffer . In particularly preferred embodiments , 15 about 50 mM ; the amount of polyol is up to about 300 mM ; 
( i ) the optional additional stabilizer present in this embodi - and the amount of polysorbate 80 is in the range of about 
ment is not sodium chloride , or comprises sodium chloride 0 . 01 to about 0 . 2 wt % . Optionally , this formulation may 
present in amounts not to exceed about 100 mM , and include up to about 100 mM NaCl . The present invention 
comprises at least one of arginine and glycine , including also contemplates modification of this formulation to com 
combinations of the two amino acids ; ( ii ) the buffer , when 20 bine the histidine buffer with one or more of citrate , acetate , 
present , contains no citrate , or at least no citrate and phos - phosphate , maleate , tartrate buffers . 
phate combination , but is instead at least one of histidine and In a method aspect , the invention is directed to a method 
succinate , including combinations thereof ; and ( iii ) the for enhancing long term stability in an aqueous , buffered 
stabilizer when it includes a polyol is preferably mannitol in adalimumab formulation , comprising one or more of the 
amounts exceeding about 150 mM . 25 steps of : ( a ) incorporating histidine buffer , succinate buffer , 

In further embodiments the invention is directed to an or a combination thereof , in the formulation based on 
aqueous , buffered pharmaceutical composition comprising empirical data indicating that such buffers contribute to the 
adalimumab and a buffer , wherein ( i ) the composition is free stability of the formulation to a greater extent than other 
or substantially free of a buffer combination that comprises buffers or buffer combinations ; or ( b ) incorporating glycine , 
both a citrate buffer and a phosphate buffer ; and ( ii ) the 30 arginine or a combination thereof as stabilizers in the 
composition exhibits long term stability . formulation , based upon empirical data indicating that such 

Another embodiment of the invention concerns an aque - stabilizer contribute to the stability of the formulation to a 
ous , buffered pharmaceutical composition exhibiting long greater extent than other stabilizers ; or ( c ) substantially 
term stability , said composition comprising : ( i ) adalimumab ; excluding the presence of buffer or buffer combinations 
( ii ) a buffer selected from the group consisting of histidine 35 comprising citrate buffer ( especially buffer combinations 
buffer , succinate buffer , and combinations thereof ; ( iii ) a comprising both citrate and phosphate ) based upon empiri 
polysorbate or poloxamer surfactant , or combinations cal data indicating that such buffer or buffer combinations 
thereof ; and ( iv ) one or both of the following : ( a ) a stabilizer perform poorly in terms of stabilizing the formulation in 
selected from the group consisting of glycine , alanine , comparison to other buffers . The method may further com 
glutamate , arginine , methionine , EDTA , sodium chloride , 40 prise the selection of PS 80 as a surfactant based on 
sodium sulfate , metal ions , and combinations thereof ; and empirical data indicating that PS 80 imparts better thermal 
( b ) a polyol selected from sorbitol , mannitol , and trehalose , stability to the adalimumab formulation than other surfac 
or combinations thereof . Optionally , the formulation may tants , including PS 20 . The method is useful to obtain a 
also include a sugar , such as sucrose . formulation of adalimumab that exhibits long term stability 

In a further embodiment the invention is an aqueous , 45 comparable to or better than commercially available adali 
buffered pharmaceutical composition comprising adalim - mumab formulations marketed under the trademark 
umab and a buffer , wherein ( i ) the composition is free or Humira? . 
substantially free of a polyol ; and ( ii ) the composition In a further method aspect , the invention is directed to a 
exhibits long term stability . method for treating an inflammatory condition in a subject 

In still a further embodiment the invention is directed to 50 which comprises administering to such subject any of the 
an aqueous , buffered pharmaceutical composition compris adalimumab formulation embodiments as described herein . 
ing adalimumab and a buffer , wherein ( i ) the composition is In the foregoing embodiments , where the above refer 
free or substantially free of surfactant ; and ( ii ) the compo enced stabilizers may be included in the formulations , it is 
sition exhibits long term stability . further discovered that satisfactory stabilization can be 

Another embodiment of the inventions concerns an aque - 55 attained when such stabilizers are used in place of both 
ous pharmaceutical composition comprising adalimumab polyol and surfactant and hence stabilized formulations of 
wherein : ( i ) the composition is free or substantially free of the present invention can be free or substantially free of both 
buffer ; and ( ii ) the composition exhibits long term stability . polyol and surfactant . Accordingly , in a sixth embodiment , 

In another embodiment , the adalimumab formulation of the invention provides a stable aqueous pharmaceutical 
the present invention comprises , consists of , or consists 60 composition comprising adalimumab , optionally a buffer , a 
essentially of , adalimumab , histidine buffer as the sole buffer stabilizer selected from the group consisting of an amino 
in the formulation , glycine ( or arginine , or combinations acid , a salt , EDTA , and a metal ion , and wherein said 
thereof ) as the sole stabilizer among the non - surfactant composition has a pH of about 4 to about 8 , and preferably 
stabilizers referenced earlier , and polysorbate 80 . In this 5 to about 6 , and wherein said composition is either sub 
formulation , the amount of adalimumab is 20 to 150 mg / ml , 65 stantially free of both polyol and surfactant . When buffer is 
the amount of histidine buffer is up to about 50 mM ; the present in this embodiment , it is especially preferred that ( i ) 
amount of glycine is up to about 300 mM ; and the amount the buffer not include the combination of citrate and phos 
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phate ; ( ii ) the buffer is selected from the group consisting of FIG . 2 is a bar chart of stability of various adalimumab 
histidine and succinate ; and ( iii ) the stabilizer does not formulations as determined by reversed phase ( RP ) high 
comprise sodium chloride , but instead is at least one member performance liquid chromatography ( HPLC ) . 
selected from the group consisting of arginine and glycine . FIG . 3 is a graph of a partial least squares ( PLS ) model 1 

Important aspects of the present invention in certain 5 demonstrating effect of citrate / phosphate on stability . 
embodiments include ( i ) that sorbitol and trehalose are FIG . 4 is a graph of a PLS model 2 demonstrating effect 
discovered to be significantly better stabilizers of adalim - of citrate / phosphate on stability . 
umab formulations than mannitol , unless mannitol is used at FIG . 5 is a graph of a PLS model 1 demonstrating effect 
concentrations in excess of about 200 - 300 mM in which of histidine / glycine on stability . 
case the three are generally equivalent ; ( ii ) arginine and FIG . 6 is a graph of a PLS model 1 demonstrating effect 
glycine ( and combinations ) are discovered to be signifi - of arginine / sorbitol on stability . 
cantly better stabilizers of adalimumab formulations than FIG . 7 is a graph of a PLS model 1 demonstrating effect 
sodium chloride ; and ; ( iii ) when buffers are used in the of pH / histidine on stability . 
formulation , it is discovered that the combination of citrate 15 FIG . 8 is a graph of a PLS model 2 demonstrating effect 
and phosphate is surprisingly significantly poorer in stabi - of pH / histidine on stability . 
lizing adalimumab than other buffers such as succinate , FIG . 9 is a graph of a PLS model 2 demonstrating effect 
histidine , phosphate and tartrate . The relatively poor perfor - of trehalose / PS80 on stability . 
mance of the buffer combination of citrate and phosphate is FIG . 10 is a graph of a PLS model 2 demonstrating effect 
rather unexpected considering the apparent importance 20 of mannitol / PS80 on stability . 
attributed to the use of a citrate / phosphate combined buffer FIG . 11 is a graph of a PLS model 1 demonstrating effect 
in U . S . Pat . No . 8 , 216 , 583 . To the contrary , we have now of mannitol / NaCl on stability . 
found that a phosphate / citrate buffer combination is not an FIG . 12 is a graph of a PLS model 1 demonstrating effect 
optimal choice for obtaining a stabilized adalimumab for - of EDTA / methionine on stability . 
mulation , and in fact , an element of our invention is the 25 FIG . 13 is a graph of a PLS model A demonstrating effect 
discovery that this combination should be avoided altogether of citrate and phosphate on stability . 
in favor of other buffer systems . FIG . 14 is a graph of a PLS model A demonstrating effect 

Preferably , a polyol is a sugar alcohol ; and even more of pH and histidine buffer on stability . 
preferably , the sugar alcohol is selected from the group FIG . 15 is a graph of a PLS model A demonstrating effect 
consisting of mannitol , sorbitol and trehalose . However , as U of glycine and arginine on stability . 
between mannitol and sorbitol , the invention has discovered , FIG . 16 is a graph of a PLS model A demonstrating effect 
as noted above , a distinct stabilization advantage in using of NaCl and polysorbate 80 ( PS 80 ) on stability . 
sorbitol or trehalose instead of mannitol , unless mannitol is FIG . 17 is a graph of a PLS model B demonstrating effect 
used at concentrations in excess of about 200 mM , in which as of citrate and phosphate on stability . 
case mannitol , sorbitol and trehalose are generally equiva - FIG . 18 is a graph of a PLS model B demonstrating effect 
lent . At concentrations below about 200 mm , mannitol has of pH and histidine buffer on stability . 
been found to be a poorer stabilizer than sorbitol or trehalose FIG . 19 is a graph of a PLS model B demonstrating effect 
in an adalimumab formulation . arginine and glycine on stability . 

Preferably , a surfactant is a polysorbate or poloxamer ; and 40 FIG . 20 is a graph of a PLS model B demonstrating effect 
even more preferably PS 80 , PS 40 , PS20 , Pluronic F - 68 and of PS80 and mannitol on stability . 
combinations . We have discovered a distinct and surprising FIG . 21 is a graph of a PLS model B demonstrating effect 
thermal stabilization advantage in selecting PS 80 instead of of EDTA and NaCl on stability . 
PS - 20 . FIG . 22 is a graph of a PLS model B demonstrating effect 

These and other aspects will become apparent from the 45 of succinate buffer and histidine buffer on stability . 
following description of the various embodiments , although FIG . 23 is a graph of a PLS model C demonstrating effect 
variations and modifications therein may be affected without of citrate and phosphate on stability . 
departing from the spirit and scope of the novel concepts of FIG . 24 is a graph of a PLS model C demonstrating effect 
the disclosure . of pH and histidine buffer on stability . 

It is to be understood that both the foregoing general 50 FIG . 25 is a graph of a PLS model C demonstrating effect 
description and the following detailed description are exem - of arginine and glycine on stability . 
plary and explanatory only and are not restrictive of the FIG . 26 is a graph of a PLS model C demonstrating effect 
invention , as claimed . Further representative embodiments of mannitol and PS 80 on stability . 
are set forth in the numerous formulation studies reported in FIG . 27 is a graph of a PLS model C demonstrating effect 
the detailed description , as well as the various embodiments 55 of PS 80 and NaCl on stability . 
listed in Appendices A , B and C attached hereto and made FIG . 28 is a graph of a PLS model C demonstrating effect 
a part hereof . of pH and protein concentration on stability . 

60 
BRIEF DESCRIPTION OF THE DRAWINGS DETAILED DESCRIPTION OF THE 

INVENTION 
The patent or application file contains at least one drawing 

executed in color . Copies of this patent or patent application Various embodiments of the invention are now described 
publication with color drawing ( s ) will be provided by the in detail . As used in the description and throughout the 
Office upon request and payment of the necessary fee . claims , the meaning of “ a ” , “ an ” , and “ the ” includes plural 

FIG . 1 is a bar chart of stability of various adalimumab 65 reference unless the context clearly dictates otherwise . Also , 
formulations as determined by size exclusion chromatogra - as used in the description and throughout the claims , the 
phy ( SEC ) . meaning of “ in ” includes " in " and " on " unless the context 




















































































