
Washington University School of Medicine
Digital Commons@Becker

Open Access Publications

2018

Quintupling inhaled glucocorticoids to prevent
childhood asthma exacerbations
Leonard B. Bacharier
Washington University School of Medicine in St. Louis

Avarham Beigelman
Washington University School of Medicine in St. Louis

et al

Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs

This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been accepted for inclusion in Open
Access Publications by an authorized administrator of Digital Commons@Becker. For more information, please contact engeszer@wustl.edu.

Recommended Citation
Bacharier, Leonard B.; Beigelman, Avarham; and et al, ,"Quintupling inhaled glucocorticoids to prevent childhood asthma
exacerbations." The New England Journal of Medicine.378,10. 891-901. (2018).
https://digitalcommons.wustl.edu/open_access_pubs/6706

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Digital Commons@Becker

https://core.ac.uk/display/212863546?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.wustl.edu?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F6706&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F6706&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F6706&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:engeszer@wustl.edu


�����������	
�����
���
	������������
����������������� !�����"#$��%&'()�*+�,-.* /01

2345678392:�8;�<=<>� ?5@A9�=B�>C<=� DE7F�GH=�;EF�<C
IJK�LMNJOPQR�SMTT�ULVKQW�LXLYKVZX�YK[\PKKQW�LUY�LSSZTZLNZOUQ�LPK�TZQNKY�ZU�NJK�]̂ K̂UYZ_̀�]YYPKQQ�PK̂PZUN�PKaMKQNQ�NO�bP̀�cLXdQOU�LN�NJK�bK̂LPNVKUN�OS�eKYZLNPZXQW�fUZgKPQZNh�OS�iZQXOUQZU�jXJOOT�OS�kKYZ[XZUK�LUY�eMlTZX�mKLTNJW�noo�mZ\JTLUY�]gK̀W�pqrstn�ujuW�kLYZQOUW�iv�wtxsy[sszzW�OP�LN��Y{{|��VKYZXZUK�̀�}ZQX�̀�KYM̀~�]�XOV̂ TKNK�TZQN�OS�NJK�ZUgKQNZ\LNOPQ�ZU�NJK�jIvuj�NPZLT�ZQ�̂POgZYKY�ZU�NJK�jM̂ T̂KVKU[NLPh�]̂ K̂UYZ_W�LgLZTLlTK�LN���ckÒP\̀IJZQ�LPNZXTK�}LQ�̂MlTZQJKY�OU�kLPXJ�tW�yo�zW�LN���ckÒP\̀���������������������������������������������������������� ¡¢£¤¥¦�§�̈©ª«�¬­®®­̄¥°®±¦¦®�¬±²£̄­³�́�̄£±¦¡µ
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��������������������������� �¡¢£¤¥¦§̈

©ª«�¬«­�®̄°±²̄³�́µ¶·̄²±�µ̧�¹«³º»º̄«�¼µ­̄±µ²³«³�̧·µ½�̄«¾½¿µ·°�²À�Á²Âªº̄°Àµ̄�Ã̄ºÄ«·ÂºÀÅ�º̄�ÆÀ¿�Çµ¶ºÂ�È«»É«·�ÇºÊ·²·Å�µ̄�ËÌ·º±�ÍÎ�ÏÐÑÒ¿�Óµ·�Ì«·Âµ̄²±�¶Â«�µ̄±Å¿�¬µ�µÀª«·�¶Â«Â�­ºÀªµ¶À�Ì«·½ºÂÂºµ̄¿��ÔµÌÅ·º°ªÀ�Õ�ÏÐÑÒ�¹²ÂÂ²»ª¶Â«ÀÀÂ�¹«³º»²±�Æµ»º«ÀÅ¿�Ë±±�·º°ªÀÂ�·«Â«·Ä«³¿�



�������������	
��
������������������������ ���

� !"# $%!"&�'"()%*+�,% -.-./#!-.!+0�1./�2(!%+(..+�30#(4)567�897:;<=9<>?8�5@9A?�=@?�BA9<8?8�C?AA;5DE;<?�9<@6A?F�567�>7?8G�=@>7H�=@?�A;5D8;7?�IF;>J�:;<D=9<>?8�=;�F?:?9K?�=@?�76L?�8;7?�;M�9<@6A?8�IA>:;D:;F=9:;987�=@F;>I@;>=�=@?�=F96ANO?AA;5DE;<?�?J97;8?7�5?F?�98?<=9M9?8�BC�=@?�;::>FF?<:?�;M�6<C�;M�=@?�M;AA;59<IP�=@?�>7?�;M�=5;�8;7?7�QM;>F�9<@6A6=9;<7R�;M�F?7:>?�6AB>=?F;A�9<�S�@;>F7H�=@?�>7?�;M�=@F??�8;7?7�Q79T�9<@6A6D=9;<7R�;M�F?7:>?�6AB>=?F;A�9<�UV�@;>F7H�;F�;<?�<9I@=�656W?<9<I�=@6=�567�8>?�=;�67=@L6�=@6=�567�=F?6=?8�59=@�6AB>=?F;AN�XCLJ=;L7�6<8�L?8D9:6=9;<�>7?�5?F?�F?:;F8?8�;<:?�<9I@=AC�BC�=@?�J6F=9:9J6<=�;F�BC�=@?�J6F?<=�;F�I>6F896<�9<�6<�?A?:=F;<9:�896FC�QXJ9F;=?AH�Y?89:6A�Z<=?F<6=9;<6A�[?7?6F:@RG�=@?F?�567�<;�?A?:=F;<9:�A9<W�B?=5??<�=@?�9<@6A?F�6<8�=@?�?A?:=F;<9:�896FCN\;�JF?K?<=�6�8?A6C�MF;L�=@?�;<7?=�;M�6�C?AA;5DE;<?�?J97;8?�=;�=@?�9<9=96=9;<�;M�=F?6=L?<=H�J6F=9:9J6<=7�5?F?�JF;K98?8�59=@�6�5F9==?<�67=@L6�6:=9;<�JA6<�=@6=�9<7=F>:=?8�=@?L�<;=�=;�569=�M;F�=@?�C?AA;5DE;<?�6A?F=�MF;L�=@?�?A?:=F;<9:�896FC�B?M;F?�7=6F=9<I�=@?�BA9<8?8�C?AA;5DE;<?�9<@6A?FN�]?6W�?TJ9F6=;FC�MA;57�5?F?�;B=69<?8�;<:?�869AC�9<�=@?�?K?<9<I�59=@�=@?�>7?�;M�=@?�?A?:=F;<9:�896FC�9<�6�BA9<8?8�M67@9;<�7>:@�=@6=�=@?�J6F=9:9J6<=7�898�<;=�7??�=@?�F?7>A=7N�̂?9=@?F�JF??LJ=9K?�6AB>D=?F;A�B?M;F?�?T?F:97?�<;F�J?6W�?TJ9F6=;FC�MA;57�5?F?�9<:A>8?8�9<�=@?�C?AA;5DE;<?�:F9=?F96N_̀ abcde�fegh̀ieh\@?�JF9L6FC�;>=:;L?�567�=@?�F6=?�;M�7?K?F?�67=@L6�?T6:?FB6=9;<7�=F?6=?8�59=@�7C7=?L9:�IA>:;D:;F=9:;987�8>F9<I�=@?�BA9<8?8�=F?6=L?<=�J?F9;8N�XC7=?L9:�IA>:;:;F=9:;987�5?F?�7=6F=?8�6M=?F�:;<D7>A=6=9;<�59=@�6�=F96A�:A9<9:96<�6::;F89<I�=;�JF?DK9;>7AC�J>BA97@?8�:F9=?F96jUP�=@?�>7?�;M�L;F?�=@6<�S�9<@6A6=9;<7�;M�6AB>=?F;A�9<�S�@;>F7H�=@?�>7?�;M�jU�;F�L;F?�9<@6A6=9;<7�;M�6AB>=?F;A�9<�UV�@;>F7H�<9I@=�656W?<9<I7�A?689<I�=;�6AB>=?F;A�>7?�8>FD9<I�U�;M�k�:;<7?:>=9K?�<9I@=7H�;F�=@?�>7?�;M�l�;F�L;F?�9<@6A6=9;<7�;M�6AB>=?F;A�8>F9<I�U�;M�k�:;<D7?:>=9K?�86C7N�X?:;<86FC�;>=:;L?�L?67>F?7�9<D:A>8?8�=@?�=9L?�=;�=@?�M9F7=�67=@L6�?T6:?FB6=9;<H�=F?6=L?<=�M69A>F?�Q8?M9<?8�67�=5;�67=@L6�?T6:?FDB6=9;<7�9<�S�L;<=@7H�=@F??�67=@L6�?T6:?FB6=9;<7�9<�j�C?6FH�;F�79T�=F?6=?8�C?AA;5DE;<?�?J97;8?7RH�=@?�6F?6�><8?F�=@?�:>FK?�M;F�7CLJ=;L�7:;F?7�8>F9<I�C?AA;5DE;<?�?J97;8?7�Q67�677?77?8�MF;L�869AC�?<=F9?7�9<�=@?�?A?:=F;<9:�896FCRHjk�6AB>=?F;A�>7?�8>F9<I�C?AA;5DE;<?�?J97;8?7H�><7:@?8>A?8�?L?FI?<:C�8?J6F=L?<=�;F�>FI?<=�:6F?�K979=7�M;F�67=@L6H�@;7J9=6A9E6=9;<7�M;F�67=@L6H�=;=6A�IA>:;D

:;F=9:;98�?TJ;7>F?�Q9<@6A?8�IA>:;:;F=9:;987�JA>7�7C7=?L9:�IA>:;:;F=9:;987RH�6<8�A9<?6F�IF;5=@N�mTJA;F6=;FC�;>=:;L?7�9<:A>8?8�=@?�J?6W�?TJ9F6D=;FC�MA;57�6<8�=@?�<>LB?F�;M�86C7�;M�67=@L6�:;<=F;AH�5@9:@�5?F?�8?M9<?8�67�M>AA�:6A?<86F�86C7�59=@;>=�7CLJ=;L7H�>7?�;M�F?7:>?�L?89:6D=9;<H�;F�><7:@?8>A?8�@?6A=@�:6F?�K979=7Nnicoap�gqr�stuqubgt�vhhehhdeqahX=6<89<I�@?9I@=�L?67>F?L?<=7�Q9<�:?<=9L?=?F7R�5?F?�;B=69<?8�6=�?6:@�=F96A�K979=�5@9A?�=@?�J6F=9:9DJ6<=�567�<;=�5?6F9<I�7@;?7N�Y?67>F?L?<=7�5?F?�L68?�59=@�=@?�>7?�;M�6�w6FJ?<8?<�7=689;L?=?F�QX?F9=?Txw;A=69<R�=@6=�567�?9=@?F�56AADL;><=?8�QJF;8>:=�<>LB?FH�SyUz[R�;F�J;F=6BA?�QJF;8>:=�<>LB?FH�Sykz[RNXJ9F;L?=FC�567�J?FM;FL?8�6::;F89<I�=;�{L?FD9:6<�\@;F6:9:�X;:9?=Cxm>F;J?6<�[?7J9F6=;FC�X;D:9?=C�I>98?A9<?7NjV�]?F9J@?F6ADBA;;8�?;79<;J@9A�:;><=7�5?F?�8?=?FL9<?8�BC�7=6<86F8�L?=@;87�6=�?6:@�:A9<9:6A�79=?N�\@?�=;=6A�7?F>L�ZIm�A?K?A�6<8�=@?�A?K?A7�;M�ZIm�7J?:9M9:�=;�6?F;6AA?FI?<7�Q7??�=@?�X>JJA?L?<=6A�Y?=@;87�7?:=9;<�9<�=@?�X>JJA?L?<D=6FC�{JJ?<89TH�6K69A6BA?�6=�̂m|YN;FIR�5?F?�}>6<D=9M9?8�BC�6�:;LL?F:96A�A6B;F6=;FC�Q{8K6<:?8�~96I<;7=9:��6B;F6=;F9?7RN�iugt�_�eihu�pa\@?�=F96A�567�M><8?8�BC�=@?�̂6=9;<6A�w?6F=H��><IH�6<8��A;;8�Z<7=9=>=?�6<8�6JJF;K?8�BC�=@?�{7=@L6̂?=�7=??F9<I�:;LL9==??H�JF;=;:;A�F?K9?5�:;LL9==??H�6<8�86=6�6<8�76M?=C�L;<9=;F9<I�B;6F8N�\F96A�L?89:6=9;<7�QMA>=9:67;<?�JF;J9;<6=?�59=@�@C8F;MA>;F;6AW6<?��w�{��JF;J?AA6<=�6=�8;7?7�;M�VV��I�J?F�9<@6A6=9;<�6<8�UUy��I�J?F�9<@6A6=9;<R�6<8�F?7:>?�=@?F6JC�59=@�6AB>=?F;A�Q�y��I�J?F�9<@6A6=9;<R�5?F?�8;<6=?8�BC��A6T;XL9=@�A9<?N��A6T;XL9=@�A9<?�898�<;=�JA6C�6�F;A?�9<�=@?�=F96A�8?79I<�;F�=@?�:;AA?:=9;<�;F�9<=?FJF?=6=9;<�;M�=@?�86=6�B>=�567�I9K?<�6<�;JJ;F=><9=C�=;�F?68�=@?�L6<>7:F9J=�8F6M=�6<8�898�<;=�JF;K98?�6<C�:;LDL?<=7N�\@?�6>=@;F7�6F?�F?7J;<79BA?�M;F�=@?�=F96A�8?79I<H�86=6�:;AA?:=9;<H�86=6�9<=?FJF?=6=9;<�6<8�6<6AC797H�L6<>7:F9J=�JF?J6F6=9;<H�6<8�8?:979;<�=;�7>BL9=�=@?�L6<>7:F9J=�M;F�J>BA9:6=9;<N�\@?�6>=@;F7�K;>:@�M;F�=@?�6::>F6:C�6<8�:;LJA?=?<?77�;M�=@?�86=6H�M;F�=@?�6::>F6:C�;M�=@?�6<6AC7?7H�6<8�M;F�=@?�M98?A9=C�;M�=@?�=F96A�=;�=@?�JF;=;:;AN�agauhaubgt�vqgt�huh\@?�JF9L6FC�F?7?6F:@�}>?7=9;<�688F?77?8�=@?�F6=?�;M�7?K?F?�67=@L6�?T6:?FB6=9;<7�59=@�=@?�>7?�;M�6������������������������������������� �������������¡���¢¡£�����¤�¥�¦����¤���§��̈��¦�¤©����ª¤£�«���¦�¬��­���«�®���©����̄°����±²�³́µ¶£�·���°��¦������¦�����©£�����¤�����¦�¦���¤���¤�°��¡�¦¦���£��̧�°©����¤�¹�³́µ¶���¦¦����¦�¤¤¦���������ª����¤©£�̄�������¤¦���¦��̈��£�



�������������	
��
���������������������������

� !�"#$�#"%&'"(�)*+,"'&�-.�/#(010"#2343567893:�784365�;<:37=�>8?@�53AB<4A3�C<77<>D842�?@3�4326?8E3�F84<;867�:8A?58FG?8<4�64:�7<2D784H�CG4I?8<4J�K@3�;<:37�84I<5B<56?3:�?@3�<FDA35E3:�C<77<>DGB�?8;3�A<�?@6?�?@3�3L6I35F6?8<4�56?3A�M4G;F35�<C�3E34?A�B35�N365O�>353�3A?8;6?3:�6BB5<B586?37NJ�P64:<;896?8<4�>6A�A?56?8C83:�6IDI<5:842�?<�I7848I67�I34?35=�>@8I@�>6A�84I7G:3:�6A�6�I<E6586?3�84�?@3�;<:37J�K@3�B58;65N�84?34?8<4D?<D?536?�6467NA8A�I<;B653:�?@3�<E35677�3CC8I6IN�<C�36I@�?536?;34?�A?56?32N=�53265:73AA�<C�>@3?@35�64N�N377<>D9<43�3B8A<:3A�6I?G677N�<IIG553:JK@3�?536?;34?�3CC3I?�<4�B53AB3I8C83:�A3I<4:65N�<G?I<;3A�>6A�67A<�84E3A?826?3:J�Q8AI53?3�<G?DI<;3A�>353�6467N93:�>8?@�?@3�GA3�<C�?@3�7<2D784365�;<:37�C56;3><5H�:3AI58F3:�6F<E3J�RG?DI<;3A�84�?8;3D?<D3E34?�6467NA3A�>353�AG;;65893:�FN�S6B764TU3835�IG5E3A=�64:�?536?;34?A�>353�I<;B653:�>8?@�?@3�7<2D564H�?3A?J�V84365�;8L3:D3CC3I?A�;<:37A�>8?@�B65?8I8B64?�6A�6�564:<;�3CDC3I?�64:�?536?;34?�6A�6�C8L3:�3CC3I?�>353�6BB783:�C<5�<G?I<;3A�?@6?�>353�;36AG53:�<E35�?8;3�<4�6�I<4?84G<GA�AI673=�AGI@�6A�?@3�6536�G4:35�?@3�IG5E3�C<5�?@3�AN;B?<;�AI<53A=�67FG?35<7�GA3=�64:�@382@?J�K564AC<5;6?8<4A�>353�6BB783:�C<5�I<4D?84G<GA�<G?I<;3A�?@6?�A@<>3:�6�AH3>3:�:8A?58DFG?8<4J�W::8?8<467�:3?687A�53265:842�?@3�6467NA3A�<C�?<?67�3LB<AG53�?<�27GI<I<5?8I<8:A�64:�25<>?@�653�84I7G:3:�84�?@3�XGBB73;34?67�U3?@<:A�A3ID?8<4�84�?@3�XGBB73;34?65N�WBB34:8LJ�YLB7<56?<5N�6467NA3A�>353�I<4:GI?3:�<4�?@3�AGFA3?�<C�?536?3:�M8J3J=�B35DB5<?<I<7O�N377<>D9<43�3B8A<:3AJ�W:ZGA?D;34?A�C<5�;G7?8B73�?3A?A�>353�;6:3�C<5�3LB7<5D6?<5N�<G?I<;3A�FG?�4<?�C<5�B53AB3I8C83:�B58;65N�64:�A3I<4:65N�<G?I<;3AJ�W77�?@3�?3A?A�>353�?><DA8:3:=�64:�6�[�E67G3�<C�73AA�?@64�\J\]�>6A�I<4DA8:353:�?<�84:8I6?3�A?6?8A?8I67�A8248C8I64I3J�W77�?@3�6467NA3A�>353�B35C<5;3:�>8?@�?@3�GA3�<C�XWX�A<C?>653=�E35A8<4�̂J_�MXWX�̀4A?8?G?3OJK@3�?6523?�A6;B73�<C�a]\�I@87:534�Mba]�B35�?536?;34?�25<GBO�>6A�I@<A34�A<�?@6?�?@3�?5867�><G7:�@6E3�B<>35�<C�6?�736A?�̂\c=�>8?@�6�?><DA8:3:�?NB3�̀�355<5�56?3�<C�\J\]=�?<�:3?3I?�6�56?8<�<C�\Jd�C<5�?@3�3L6I35F6?8<4�56?3�>8?@�?@3�6I?8E3�?536?;34?�E35AGA�>8?@�?@3�I<4?5<7�?536?;34?J�K@8A�I67IG76?8<4�6AAG;3:�64�3L6I35F6?8<4�56?3�<C�\Ĵ�3E34?A�B35�N365�C<5�?@3�84C358<5�?536?;34?�64:�677<>3:�C<5�6�56?3�<C�>8?@:56>67�<5�7<AA�?<�C<7D7<>DGB�<C�b]cJ�W�B53AB3I8C83:�84?358;�C36A8F878?N�6467NA8A�?@6?�>6A�I<4:GI?3:�>@34�]\c�<C�?@3�I@87:534�@6:�I<;B73?3:�d�;<4?@A�<C�C<77<>DGB�53E3673:�?@6?�?@3�3L6I35F6?8<4�C53eG34IN�>6A�7<>35�?@64�3LB3I?3:�64:�?@6?�?@3�64?8I8B6?3:�
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