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SAFETY AND TOLERABILITY OF BRUTON’S TYROSINE 
KINASE INHIBITORS IN THE TREATMENT OF 
WALDENSTRÖM MACROGLOBULINEMIA
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%�FHOOV�WKDW�SURGXFH�,J0�PRQRFORQDO�SURWHLQ��/LNH�RWKHU�LQGROHQW�%�FHOO�1+/V��WUHDWPHQW�LV�LQGLFDWHG�ZKHQ�SDWLHQWV�DUH�
V\PSWRPDWLF�ZLWK�O\PSKDGHQRSDWK\��VSOHQRPHJDO\�RU�KDYH�GHWULPHQWDO�F\WRSHQLDV��EXW�XQLTXHO\�K\SHUYLVFRVLW\�DQG�RWKHU�
complications related to gammopathy may present a need for treatment���&XUUHQWO\�LQ�&DQDGD�FKHPRLPPXQRWKHUDS\�XVLQJ�
EHQGDPXVWLQH�DQG�ULWX[LPDE��%5��LV�WKH�IDYRUHG�WKHUDSHXWLF�FRPELQDWLRQ�IRU�WUHDWPHQW�QDwYH�SDWLHQWV�ZLWK�:0�GXH�WR�D�
VXSHULRU�HI¿FDF\�DQG�WR[LFLW\�SUR¿OH�FRPSDUHG�WR�ULWX[LPDE�SOXV�&+232�DQG�D�¿[HG�GXUDWLRQ�VFKHGXOH3��7KH�DYDLODELOLW\�
RI�%UXWRQ¶V�W\URVLQH�NLQDVH�LQKLELWRUV��%7.L��KDYH�WUDQVIRUPHG�WKH�WUHDWPHQW�ODQGVFDSH�IRU�SDWLHQWV�ZLWK�:0��SDUWLFXODUO\�
LQ�WKH�UHODSVHG�VHWWLQJ��,EUXWLQLE��D�RQFH�GDLO\�%7.L��ZDV�DSSURYHG�E\�+HDOWK�&DQDGD��+&��IRU�:0�LQ������EDVHG�RQ�WZR�
QRQ�UDQGRPL]HG�VWXGLHV�VKRZLQJ�KLJK�UHVSRQVH�UDWHV�LQ�KHDYLO\�SUHWUHDWHG�ULWX[LPDE�UHIUDFWRU\�SDWLHQWV�ZLWK�VXVWDLQHG�
HI¿FDF\������SURJUHVVLRQ�IUHH�VXUYLYDO��3)6��DW����PRQWKV��DQG�DFFHSWDEOH�WROHUDELOLW\�����,EUXWLQLE�IRUPV�DQ�LUUHYHUVLEOH�
FRYDOHQW�ERQG�WR�WKH�F\VWHLQH�UHVLGXH��&�����DW�WKH�DFWLYH�ELQGLQJ�VLWH�RI�%7.6��3DWLHQWV�ZLWK�PXWDWHG�0<'����0<'��MUT��� 
ZKR�UHSUHVHQW�RYHU�����RI�SDWLHQWV�ZLWK�:0��KDYH�D�KLJKHU�UDWH�RI�UHVSRQVH�ZLWK�LEUXWLQLE�WKDQ�WKRVH�ZLWKRXW��0<'��WT������.  
$VLGH�IURP�LWV�LPSUHVVLYH�HI¿FDF\��LWV�RUDO�DGPLQLVWUDWLRQ�RIIHUV�D�PDMRU�DGYDQWDJH�LQ�WHUPV�RI�FRQYHQLHQFH�IRU�SDWLHQWV�
DQG�ORZHU�DGPLQLVWUDWLYH�FRVWV�IRU�SXEOLFO\�IXQGHG�KHDOWK�FDUH�V\VWHPV�VXFK�DV�LQ�&DQDGD�

7KH�WR[LFLW\�RI�LEUXWLQLE�KDV�EHFRPH�RI�JUHDWHU�FRQFHUQ�ZLWK�WKH�RQJRLQJ�HPHUJHQFH�RI�WULDO�GDWD�DQG�UHDO�ZRUOG�FOLQLFDO�
H[SHULHQFH�ZLWK�WKH�GUXJ��7KH�LQGH¿QLWH�GXUDWLRQ�RI�WUHDWPHQW�UHVXOWV�LQ�H[WHQGHG�H[SRVXUH�RI�D�SULPDULO\�HOGHUO\�SDWLHQW�
SRSXODWLRQ�WR�WR[LFLWLHV�VXFK�DV�LQFUHDVHG�EOHHGLQJ�ULVN��DWULDO�¿EULOODWLRQ��K\SHUWHQVLRQ��DQG�LQIHFWLRQ��'LVFRQWLQXDWLRQ�RI�
LEUXWLQLE�GXH�WR�DGYHUVH�HYHQWV�RFFXUV�DW�D�KLJKHU�UDWH�LQ�WKH�UHDO�ZRUOG�FRPSDUHG�WR�FOLQLFDO�WULDOV�DQG�KDV�EHHQ�DVVRFLDWHG�
ZLWK�DQ�LQIHULRU�RYHUDOO�VXUYLYDO�LQ�:0�.

)RUWXQDWHO\��VHYHUDO�%7.LV�KDYH�UHFHQWO\�HPHUJHG��%RWK�DFDODEUXWLQLE�DQG�]DQXEUXWLQLE�DOVR�ELQG�LUUHYHUVLEO\�WR�%7.�DW�
&�����EXW�ERWK�KDYH�PRUH�VHOHFWLYLW\�IRU�WDUJHWLQJ�%7.�WKDQ�LEUXWLQLE���������'DWD�KDV�GHPRQVWUDWHG�WKDW�WLJKWHU�DQG�PRUH�
VHOHFWLYH�ELQGLQJ�RI�%7.�GRHV�WUDQVODWH�LQWR�IHZHU�DGYHUVH�HIIHFWV�IRU�SDWLHQWV�������7KH�PRVW�LQIRUPDWLYH�VWXG\�WR�GDWH�LQ�
WKLV�UHJDUG�LV�WKH�UDQGRPL]HG�SKDVH���FOLQLFDO�WULDO�FRPSDULQJ�LEUXWLQLE�WR�]DQXEUXWLQLE��WKH�$63(1�VWXG\�����$63(1�LV�WKH�
ODUJHVW�PXOWLFHQWUH�SKDVH���WULDO�WR�GDWH�UDQGRPL]LQJ�����SDWLHQWV�ZLWK�0<'��MUT�:0�WR�UHFHLYH�LEUXWLQLE�DW�����PJ�
GDLO\��Q ����YV��]DQXEUXWLQLE�����PJ�WZLFH�GDLO\��Q ������ZLWK����SDWLHQWV�EHLQJ�WUHDWPHQW�QDwYH�DQG�����EHLQJ�UHODSVHG�
RU�UHIUDFWRU\��5�5��ZLWK�D�PHGLDQ�RI���SULRU�OLQH�RI�WKHUDS\��UDQJH�������7KH�PHGLDQ�DJH�DW�HQUROPHQW�ZDV����KRZHYHU�

A B O U T  T H E 
A U T H O R

Anthea Peters, MD

'U��$QWKHD�3HWHUV�LV�D�KHPDWRORJLVW�EDVHG�DW�WKH�&URVV�&DQFHU�,QVWLWXWH�LQ�(GPRQWRQ��$OEHUWD�
DQG�DQ�$VVRFLDWH�3URIHVVRU�LQ�WKH�'HSDUWPHQW�RI�2QFRORJ\�DW�WKH�8QLYHUVLW\�RI�$OEHUWD��6KH�
FRPSOHWHG�KHU�0'�DW�WKH�8QLYHUVLW\�RI�6DVNDWFKHZDQ��LQWHUQDO�PHGLFLQH�UHVLGHQF\�WUDLQLQJ�
DW�WKH�8QLYHUVLW\�RI�$OEHUWD�DQG�KHPDWRORJ\�WUDLQLQJ�DV�ZHOO�DV�D�O\PSKRPD�IHOORZVKLS�DW�
WKH�8QLYHUVLW\�RI�&DOJDU\��+HU�FOLQLFDO�DQG�UHVHDUFK�LQWHUHVWV�DUH�FHQWHUHG�DURXQG�O\PSKRPD�
DQG�FKURQLF�O\PSKRF\WLF�OHXNHPLD��&//���ZLWK�D�VSHFLDO�LQWHUHVW�LQ�SRVW�WUDQVSODQW�
O\PSKRSUROLIHUDWLYH�GLVRUGHUV��6KH�LV�FXUUHQWO\�WKH�FOLQLFDO�OHDG�IRU�O\PSKRPD�DQG�&//�IRU�
1RUWKHUQ�$OEHUWD�



4 PRUH�SDWLHQWV�UDQGRPL]HG�WR�]DQXEUXWLQLE�WKDQ�WR�LEUXWLQLE�
ZHUH�!���\HDUV�ROG������YV������UHVSHFWLYHO\���$OWKRXJK�
QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��D�KLJKHU�UDWH�RI�FRPSOHWH�
UHVSRQVH��&5��YHU\�JRRG�SDUWLDO�UHVSRQVH��9*35��ZDV�
REVHUYHG�IRU�]DQXEUXWLQLE�YV�LEUXWLQLE������YV������
UHVSHFWLYHO\���:LWK�D�PHGLDQ�IROORZ�XS�RI������PRQWKV�WKH�
PDMRU�UHVSRQVH�UDWHV������YV�������DQG�3)6������YV������
DW����PRQWKV��ZHUH�DOVR�QRW�VWDWLVWLFDOO\�GLIIHUHQW�LQ�SDWLHQWV�
UHFHLYLQJ�]DQXEUXWLQLE�YV��LEUXWLQLE��UHVSHFWLYHO\��+RZHYHU��
]DQXEUXWLQLE�ZDV�DVVRFLDWHG�ZLWK�D�WUHQG�WRZDUGV�OHVV�
WR[LFLW\��,Q�SDUWLFXODU��WKH�LQFLGHQFHV�RI�DOO�JUDGH�DWULDO�
¿EULOODWLRQ��GLDUUKHD��EUXLVLQJ��PXVFOH�VSDVPV��SHULSKHUDO�
HGHPD��DQG�SQHXPRQLD�ZHUH�RYHU�����KLJKHU�DPRQJ�
LEUXWLQLE�WUHDWHG�SDWLHQWV��7KH�LQFLGHQFH�RI�QHXWURSHQLD�ZDV�
KLJKHU�IRU�]DQXEUXWLQLE�WUHDWHG�SDWLHQWV��!�����GLIIHUHQFH���
DOWKRXJK�JUDGH����LQIHFWLRQ�UDWHV�ZHUH�VLPLODU�LQ�ERWK�DUPV�
�����DQG�����HYHQWV�SHU�����SHUVRQ�PRQWKV���)XUWKHU��PRUH�
LEUXWLQLE�WUHDWHG�SDWLHQWV�UHTXLUHG�GRVH�UHGXFWLRQV������YV��
�����DQG�GLVFRQWLQXHG�WUHDWPHQW�����YV������GXH�WR�
DGYHUVH�HYHQWV��$Q�DQDO\VLV�RI�TXDOLW\�RI�OLIH��4R/��
instruments demonstrated a trend towards greater 
LPSURYHPHQW�LQ�WKH�]DQXEUXWLQLE�DUP��SDUWLFXODUO\�LQ�WKH�
VXEJURXS�RI�SDWLHQWV�ZKR�DFKLHYHG�9*35��7KHVH�4R/�
LPSURYHPHQWV�ZHUH�PRVW�QRWDEOH�LQ�YDOLGDWHG�LQVWUXPHQW�
VXEVFDOHV�HQFRPSDVVLQJ�DSSHWLWH��G\VSQHD��IDWLJXH��SK\VLFDO�
IXQFWLRQLQJ�DQG�UROH�IXQFWLRQLQJ��7KH�$63(1�WULDO�IRUPHG�

WKH�EDVLV�IRU�UHFHQW�DSSURYDO�RI�]DQXEUXWLQLE�IRU�:0�E\�
+&��$OWKRXJK�SURYLQFLDO�IXQGLQJ�LV�QRW�\HW�LQ�SODFH��
FOLQLFLDQV�LQ�4XHEHF�FDQ�DFFHVV�]DQXEUXWLQLE�WKURXJK�WKH�
3DWLHQW�G¶H[FHSWLRQ�PHFKDQLVP�

$V�&DQDGLDQ�KHPDWRORJLVWV�ZLOO�EH�DEOH�WR�FKRRVH�D�%7.L�
IRU�WKHLU�SDWLHQW�ZLWK�5�5�:0��LW�LV�LPSRUWDQW�WR�UHYLHZ�WKH�
WR[LFLWLHV�UHSRUWHG�LQ�WULDOV��7R[LFLWLHV�RI�%7.LV�DQG�WKHLU�
management will be discussed in this article.

Table 1�GHWDLOV�DGYHUVH�HYHQW�UDWHV�LQ�VHOHFW�WULDOV�DQG�DWULDO�
¿EULOODWLRQ��K\SHUWHQVLRQ�DQG�EOHHGLQJ�$(V�DUH�GLVFXVVHG�
below.
$WULDO�¿EULOODWLRQ
$WULDO�¿EULOODWLRQ��$)LE��LV�RQH�RI�WKH�PRVW�SUREOHPDWLF�
VLGH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�%7.LV��$OWKRXJK�WKH�
consensus approach to AFib management is to continue 
WUHDWPHQW�ZLWK�WKH�%7.L�ZKLOH�PHGLFDOO\�PDQDJLQJ�WKH�
$)LE��SDWLHQWV�RIWHQ�UHTXLUH�SUHYHQWDWLYH�DQWLFRDJXODWLRQ�
depending on their additional risk factors for 
FHUHEURYDVFXODU�DFFLGHQW��&9$���WKXV�LQFUHDVLQJ�WKH�
SDWLHQW¶V�ULVN�RI�D�PDMRU�KHPRUUKDJH�JLYHQ�WKH�%7.LV¶�
antiplatelet effect. 

,Q�WKH�RULJLQDO�FOLQLFDO�WULDO�XVLQJ�LEUXWLQLE�LQ�SUHYLRXVO\�
WUHDWHG�:0�SDWLHQWV��WKH�LQFLGHQFH�RI�$)LE�LQFUHDVHG�WR�
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Figure 4. Time-to-event analyses for AEIs. Time-to-event analyses for atrial fibrillation/flutter (A), hemorrhage (including minor bleeding/bruising) (B), major hemorrhage (C),
hypertension (D), neutropenia (E), pneumonia (F), all infections (G), and diarrhea (H).
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Figure 1.�7LPH�WR�HYHQW�DQDO\VLV�IRU�DWULDO�¿EULOODWLRQ�ÀXWWHU��DGDSWHG�IURP�7DP�HW�DO



5����ZLWK�SURORQJHG�XVH��ZLWK�WKH�PHGLDQ�WLPH�WR�RQVHW�RI�
$)LE�DW����PRQWKV��UDQJH����������6LPLODUO\��WKH�SKDVH���
L1129$7(�WULDO�UHSRUWHG�D�����$)LE�UDWH�RI�DQ\�JUDGH�LQ�
WKH�LEUXWLQLE���ULWX[LPDE�DUP�YV�����SODFHER���ULWX[LPDE�. 
,Q�WKH�$63(1�WULDO�����RI�SDWLHQWV�LQ�WKH�LEUXWLQLE�DUP�
GHYHORSHG�$)LE�����*UDGH������FRPSDUHG�WR����RI�WKRVH�
SDWLHQWV�LQ�WKH�]DQXEUXWLQLE�DUP�����*UDGH�������. The 
LQFLGHQFH�RI�$)LE�ZDV�DSSUR[LPDWHO\����IROG�KLJKHU�ZLWK�
LEUXWLQLE�YV�]DQXEUXWLQLE������YV������HYHQWV�SHU�����SHUVRQ�
PRQWKV���7KH�RQVHW�RFFXUUHG�SUHGRPLQDQWO\�LQ�WKH�¿UVW���
PRQWKV�RI�LEUXWLQLE��Figure 1���7KH�$)LE�UDWH�ZDV�VLPLODUO\�
ORZ�ZLWK�]DQXEUXWLQLE�LQ�D�SKDVH���WULDO��. AFib occurred at 
D�VLPLODUO\�ORZ�UDWH�ZLWK�DFDODEUXWLQLE�����ZLWK�RQO\�RQH�
HYHQW�JUDGH����UHTXLULQJ�FDUGLRYHUVLRQ���.

5HDO�ZRUOG�HYLGHQFH�VWXGLHV�GHVFULELQJ�SDWLHQWV�RQ�
monotherapy with ibrutinib for WM suggests that the rate 
of AFib with this agent is similar to that reported in 
trials���������,Q�D�UHODWLYHO\�ODUJH�FRKRUW�RI����SDWLHQWV�WUHDWHG�
DW�0D\R�&OLQLF������RI�ZKRP�ZHUH�5�5��WKH�UDWH�RI�$)LE�
ZDV�����ZLWK�PRVW�FDVHV�EHLQJ�QHZ�RQVHW��Q ����3DWLHQWV�
with a prior history experience AFib more quickly after 
starting ibrutinib than those with no prior history��. 
6WULNLQJO\��WKH�UDWH�RI�GLVFRQWLQXDWLRQ�GXH�WR�$)LE�LQ�WKLV�
5:(�VWXG\�ZDV������ZKLFK�LV�D�ODUJH�SHUFHQWDJH�RI�WKH�
RYHUDOO�UDWH�RI�GLVFRQWLQXDWLRQ�IRU�UHDVRQV�RWKHU�WKDQ�
GLVHDVH�SURJUHVVLRQ����������'LVFRQWLQXDWLRQ�IRU�UHDVRQV�
other than disease progression has been shown to lead to 
LQIHULRU�VXUYLYDO�.

7KH�PDQDJHPHQW�RI�%7.L�LQGXFHG�$)LE�UHTXLUHV�DQ�
LQWHUGLVFLSOLQDU\�WHDP�WR�DVVHVV�WKH�ULVN�EHQH¿W�UHJDUGLQJ�
FRQWLQXDWLRQ�RI�WKH�GUXJ�DV�ZHOO�DV�HYDOXDWLRQ�RI�
FDUGLRYDVFXODU�ULVN�IDFWRUV�WR�FRQWURO�UDWH�DQG�LQLWLDWH�
DQWL�FRDJXODWLRQ�WKHUDS\6.
+\SHUWHQVLRQ
+\SHUWHQVLRQ�LV�DQRWKHU�SUREOHPDWLF�WR[LFLW\�DVVRFLDWHG�
ZLWK�WKH�XVH�RI�%7.LV�DV�LW�LQFUHDVHV�WKH�ULVN�RI�
FDUGLRYDVFXODU�HYHQWV��LW�LV�RIWHQ�DV\PSWRPDWLF�DQG�UHTXLUHV�
VSHFL¿F�PDQDJHPHQW��7KH�LQFLGHQFH�RI�K\SHUWHQVLRQ�ZDV�
KLJKHU�ZLWK�LEUXWLQLE�YV��]DQXEUXWLQLE�LQ�WKH�$63(1�WULDO��
ZLWK�DOPRVW�WZLFH�DV�PDQ\�JUDGH���RU�KLJKHU�HYHQWV������
YV���������$GGLWLRQDOO\��PRUH�LEUXWLQLE�WUHDWHG�SDWLHQWV�
GHYHORSHG�K\SHUWHQVLRQ�EH\RQG����PRQWKV����YV����SDWLHQW���
The incidence of hypertension was particularly low with 
acalabrutinib��.

7KH�RSWLPL]DWLRQ�RI�EORRG�SUHVVXUH�SULRU�WR�VWDUWLQJ�%7.LV�
and routine monitoring in collaboration with primary care 
practitioners is recommended6.
Bleeding
,Q�L1129$7(��EOHHGLQJ�HYHQWV�RFFXUUHG�PRUH�IUHTXHQWO\�
in patients on ibrutinib + rituximab compared to placebo + 
ULWX[LPDE������YV�������EXW�PDMRU�KHPRUUKDJHV�RFFXUUHG�
LQ�RQO\���SDWLHQWV������LQ�HDFK�DUP���&RQWXVLRQV�DQG�

HSLVWD[LV��JUDGH������ZHUH�OHVV�FRPPRQ�ZLWK�]DQXEUXWLQLE�
than ibrutinib����,Q�DGGLWLRQ��WKH�LQFLGHQFH�RI�EOHHGLQJ�DQG�
PDMRU�KHPRUUKDJH�ZDV�DOVR�ORZHU�ZLWK�]DQXEUXWLQLE��
DOWKRXJK�WKH�FRPSDULVRQ�RI�H[SRVXUH�DGMXVWHG�LQFLGHQFH�
ZDV�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��S �������5HVHDUFKHUV�
UHSRUWHG�WKUHH�JUDGH�����KHPRUUKDJH�HYHQWV�ZLWK�
]DQXEUXWLQLE��RQH�UHTXLULQJ�GUXJ�FHVVDWLRQ����,Q�D�VLQJOH�
DUP�VWXG\�XVLQJ�DFDODEUXWLQLE������RI�SDWLHQWV�KDG�D�
EOHHGLQJ�HYHQW��WKUHH�ZHUH�JUDGH��������G\VIXQFWLRQDO�
XWHULQH�EOHHG����UHWLQDO�EOHHG��DQG���HSLVWD[LV���EXW�RQH�
patient on apixaban died from an intracranial hematoma��.

3DWLHQWV�RQ�%7.LV�DUH�UHFRPPHQGHG�WR�KROG�WKHLU�GUXJ�
SULRU�WR�DQG�DIWHU�VXUJLFDO�SURFHGXUHV�WR�SUHYHQW�EOHHGLQJ�
DQG�DUH�DOVR�LQVWUXFWHG�WR�DYRLG�VXSSOHPHQWV�WKDW�PD\�
H[DFHUEDWH�EOHHGLQJ�ULVN��H�J��¿VK�RLOV���DV�ZHOO�DV�WR�DYRLG�
using concurrent warfarin and dual antiplatelet therapy6

&RQFOXVLRQV�
:LWK�VLPLODU�HI¿FDF\�EXW�LPSURYHG�WROHUDELOLW\��
]DQXEUXWLQLE�LV�SUHIHUUHG�RYHU�LEUXWLQLE��=DQXEUXWLQLE�LV�
FXUUHQWO\�DYDLODEOH�RQO\�E\�FRPSDVVLRQDWH�DFFHVV�DW�WKH�
WLPH�RI�WKLV�VXSSOHPHQW¶V�UHOHDVH��EXW�UHLPEXUVHPHQW�KDV�
EHHQ�UHFRPPHQGHG�E\�ERWK�&$'7+�DQG�,1(666��,Q�
DGGLWLRQ��UHVLVWDQFH�WR�LEUXWLQLE��DQG�OLNHO\�WKH�QHZHU�
%7.LV��LV�NQRZQ�WR�RFFXU�ZLWK�DFTXLVLWLRQ�RI�PXWDWLRQV�RI�
%7.�DW�WKH�&����VLWH��$V�WKH�WUHDWPHQW�ODQGVFDSH�IRU�:0�
FRQWLQXHV�WR�HYROYH�ZLWK�WKH�DUULYDO�RI�%7.LV�DQG�RWKHU�
QRYHO�DJHQWV��LW�LV�LPSHUDWLYH�WKDW�FOLQLFLDQV�KDYH�D�JRRG�
XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�$(�SUR¿OHV�DVVRFLDWHG�ZLWK�
WKHVH�DJHQWV�LQ�RUGHU�WR�RSWLPL]H�RXWFRPHV�IRU�SDWLHQWV�

/DWH�%UHDNLQJ�$63(1�7ULDO�/RQJ�7HUP�'DWD

$W�WKH�UHFHQW������$6&2�DQG�(+$�PHHWLQJV��UHVHDUFKHUV�
SUHVHQWHG�D�SRVWHU�RQ�WKH�ORQJ�WHUP�GDWD�IURP�WKH�$63(1�
WULDO�ZLWK�D�PHGLDQ�IROORZ�XS�RI����PRQWKV��$V�SUHYLRXVO\�
RXWOLQHG��SDWLHQWV�LQ�WKH�$63(1�WULDO�ZLWK�0<'��MUT were 
DVVLJQHG�WR�FRKRUW���DQG�UDQGRPL]HG�����WR�UHFHLYH�
]DQXEUXWLQLE�����PJ�WZLFH�GDLO\�RU�LEUXWLQLE�����PJ��3DWLHQWV�
ZLWKRXW�0<'���PXWDWLRQV�ZHUH�DVVLJQHG�WR�FRKRUW���DQG�
UHFHLYHG�]DQXEUXWLQLE�����PJ�WZLFH�GDLO\��7KH�PHGLDQ�
GXUDWLRQ�RI�WUHDWPHQW�ZDV����PRQWKV��]DQXEUXWLQLE��DQG����
PRQWKV��LEUXWLQLE���ZLWK�����DQG�����UHPDLQLQJ�RQ�
WUHDWPHQW��UHVSHFWLYHO\�LQ�WKLV�PRVW�UHFHQW�DQDO\VLV��
5HVHDUFKHUV�UHSRUW�]DQXEUXWLQLE�EHLQJ�DVVRFLDWHG�ZLWK�KLJKHU�
&5���9*35�UDWH�FRPSDUHG�WR�LEUXWLQLE��=DQXEUXWLQLE�DOVR�
GHPRQVWUDWHG�D�FOLQLFDOO\�PHDQLQJIXO�EHQH¿W�YV�LEUXWLQLE�LQ�
WHUPV�RI�ORQJ�WHUP�VDIHW\�DQG�WROHUDELOLW\�DV�HYLGHQFHG�E\�
ORZHU�UDWHV�RI�DWULDO�¿EULOODWLRQ��GLDUUKHD��K\SHUWHQVLRQ��
ORFDOL]HG�LQIHFWLRQ��KHPRUUKDJH��PXVFOH�VSDVPV��SQHXPRQLD��
DQG�DGYHUVH�HYHQWV�OHDGLQJ�WR�GLVFRQWLQXDWLRQ�RU�GHDWK��7KLV�
ODWH�EUHDNLQJ�SRVWHU�FRQWLQXHV�WR�VXSSRUW�HDUOLHU�DQDO\VLV�
VKRZLQJ�WKDW�]DQXEUXWLQLE�GHPRQVWUDWHV�FOLQLFDOO\�PHDQLQJIXO�
HI¿FDF\�LQ�:0�SDWLHQWV�DQG�FRQVLVWHQW�VDIHW\�DGYDQWDJHV�
ZLWK�OHVV�RII�WDUJHW�DFWLYLW\�FRPSDUHG�WR�LEUXWLQLE�
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Table 1.�&RPSDULVRQ�RI�$(�UDWHV�IURP�VHOHFW�WULDOV��FRXUWHV\�RI�$QWKHD�3HWHUV��0'

$FDOD��DFDODEUXWLQLE��%��EOHHGLQJ��&��FRQWXVLRQ��(��HSLVWD[LV��+��KHPRUUKDJH��LEU��LEUXWLQLE��71��WUHDWPHQW�QDwYH��5��ULWX[LPDE��55��UHODSVHG�UHIUDFWRU\��]DQX��]DQXEUXWLQLE

HYHQWV�SHU�����SHUVRQ�PRQWKV
1XPEHUV�LQ�WDEOH�UHSUHVHQW���DOO�JUDGH�JUDGH�����XQOHVV�RWKHUZLVH�LQGLFDWHG

Trial Trial Type TN/RR (%) Agent Bleeding Atrial 
$UUK\WKPLDV

+\SHU�
WHQVLRQ 1HXWURSHQLD Diarrhea

Med. Rx 
'XUDWLRQ�
�PRV�

Rate 
GLVFRQWLQXDWLRQ�
IRU�$(V����

Treon et 
al.4��JUDGH�
��$(V�QRW�
UHSRUWHG�

2 ����� Ibr %�������� ���� 6/0 ������ 3/0 ���� �

L1129$7(� 3 ����� ,EU�5� +������ 15��� ����� 15�� ���� ����� �

$63(1�� 3 

����� Ibr
(�����
&�����
+������


���� ����� ���� ���� ���� �

����� =DQX
(�����
&�����

+��������

2/0 ���� ����� ���� ���� 4

Trotman et 
al.�� ���� ����� =DQX

&�������
(�����

%����������
��������
�

���� ���� ����� 20/3 �PHG�I�X����
PRV� ���

Owen et al.�� 2 ����� Acala
&�����
(�����
%�����

��� ��� ����� ���� �PHG�I�X�
�����PRV� �



75HIHUHQFHV�

��� &DVWLOOR�--��$GYDQL�5+��%UDQDJDQ�$5��%XVNH�&��'LPRSRXORV�0$��'¶6D�6��HW�DO��
&RQVHQVXV�WUHDWPHQW�UHFRPPHQGDWLRQV�IURP�WKH�WHQWK�,QWHUQDWLRQDO�:RUNVKRS�IRU�
:DOGHQVWURP�0DFURJOREXOLQDHPLD��/DQFHW�+DHPDWRO�������������H����H���

��� 5XPPHO�0-��1LHGHUOH�1��0DVFKPH\HU�*��%DQDW�*$��YRQ�*UXQKDJHQ�8��/RVHP�&��
HW�DO��%HQGDPXVWLQH�SOXV�ULWX[LPDE�YHUVXV�&+23�SOXV�ULWX[LPDE�DV�¿UVW�OLQH�
WUHDWPHQW�IRU�SDWLHQWV�ZLWK�LQGROHQW�DQG�PDQWOH�FHOO�O\PSKRPDV��DQ�RSHQ�ODEHO��
PXOWLFHQWUH��UDQGRPLVHG��SKDVH���QRQ�LQIHULRULW\�WULDO��/DQFHW��
�����������������������

��� /DURVH�)��&KHQ��&�,��%UXWRQ¶V�7\URVLQH�.LQDVH�,QKLELWRUV�IRU�WKH�7UHDWPHQW�RI�
:DOGHQVWURP¶V�0DFURJOREXOLQHPLD��$�&DQDGLDQ�3HUVSHFWLYH��WRXFK5(9,(:6�LQ�
2QFRORJ\�	�+DHPDWRORJ\�������������

��� 7UHRQ�63��7ULSVDV�&.��0HLG�.��:DUUHQ�'��9DUPD�*��*UHHQ�5��HW�DO��,EUXWLQLE�LQ�
SUHYLRXVO\�WUHDWHG�:DOGHQVWURP¶V�PDFURJOREXOLQHPLD��1�(QJO�-�0HG��
���������������������

��� 'LPRSRXORV�0$��7URWPDQ�-��7HGHVFKL�$��0DWRXV�-9��0DFGRQDOG�'��7DP�&��HW�DO��
,EUXWLQLE�IRU�SDWLHQWV�ZLWK�ULWX[LPDE�UHIUDFWRU\�:DOGHQVWURP¶V�PDFURJOREXOLQDHPLD�
�L1129$7(���DQ�RSHQ�ODEHO�VXEVWXG\�RI�DQ�LQWHUQDWLRQDO��PXOWLFHQWUH��SKDVH���WULDO��
/DQFHW�2QFRO��������������������

��� /LSVN\�$��/DPDQQD�1��0DQDJLQJ�WR[LFLWLHV�RI�%UXWRQ�W\URVLQH�NLQDVH�LQKLELWRUV��
+HPDWRORJ\�$P�6RF�+HPDWRO�(GXF�3URJUDP����������������������

��� 'LPRSRXORV�0$��7HGHVFKL�$��7URWPDQ�-��*DUFLD�6DQ]�5��0DFGRQDOG�'��/HEORQG�9��
HW�DO��3KDVH���7ULDO�RI�,EUXWLQLE�SOXV�5LWX[LPDE�LQ�:DOGHQVWURP¶V�
0DFURJOREXOLQHPLD��1�(QJO�-�0HG������������������������

��� 7UHRQ�63��;X�/��<DQJ�*��=KRX�<��/LX�;��&DR�<��HW�DO��0<'���/���3�VRPDWLF�
PXWDWLRQ�LQ�:DOGHQVWURP¶V�PDFURJOREXOLQHPLD��1�(QJO�-�0HG���������������������

��� *XVWLQH�-1��0HLG�.��'XEHDX�7��6HYHUQV�3��+XQWHU�=5��*XDQJ�<��HW�DO��,EUXWLQLE�
GLVFRQWLQXDWLRQ�LQ�:DOGHQVWURP�PDFURJOREXOLQHPLD��(WLRORJLHV��RXWFRPHV��DQG�,J0�
UHERXQG��$P�-�+HPDWRO�������������������

���� 7DP�&6��2SDW�6��'¶6D�6��-XUF]DN�:��/HH�+3��&XOO�*��HW�DO��$�UDQGRPL]HG�SKDVH���
WULDO�RI�]DQXEUXWLQLE�YV�LEUXWLQLE�LQ�V\PSWRPDWLF�:DOGHQVWURP�PDFURJOREXOLQHPLD��
WKH�$63(1�VWXG\��%ORRG�����������������������

���� 7URWPDQ�-��2SDW�6��*RWWOLHE�'��6LPSVRQ�'��0DUOWRQ�3��&XOO�*��HW�DO��=DQXEUXWLQLE�
IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�:DOGHQVWURP�PDFURJOREXOLQHPLD����\HDUV�RI�
IROORZ�XS��%ORRG�����������������������

���� 2ZHQ�5*��0F&DUWK\�+��5XOH�6��'¶6D�6��7KRPDV�6.��7RXUQLOKDF�2��HW�DO��
$FDODEUXWLQLE�PRQRWKHUDS\�LQ�SDWLHQWV�ZLWK�:DOGHQVWURP�PDFURJOREXOLQHPLD��D�
VLQJOH�DUP��PXOWLFHQWUH��SKDVH���VWXG\��/DQFHW�+DHPDWRO������������H����H���

���� 7UHRQ�63��0HLG�.��*XVWLQH�-��<DQJ�*��;X�/��/LX�;��HW�DO��/RQJ�7HUP�)ROORZ�8S�RI�
,EUXWLQLE�0RQRWKHUDS\�LQ�6\PSWRPDWLF��3UHYLRXVO\�7UHDWHG�3DWLHQWV�:LWK�
:DOGHQVWURP�0DFURJOREXOLQHPLD��-�&OLQ�2QFRO��������������������

���� *XVWLQH�-1��0HLG�.��'XEHDX�7(��7UHRQ�63��&DVWLOOR�--��$WULDO�¿EULOODWLRQ�DVVRFLDWHG�
ZLWK�LEUXWLQLE�LQ�:DOGHQVWURP�PDFURJOREXOLQHPLD��$P�-�+HPDWRO��
�����������(������

���� $EH\NRRQ�-3��=DQZDU�6��$QVHOO�60��*HUW]�0$��.XPDU�6��0DQVNH�0��HW�DO��,EUXWLQLE�
PRQRWKHUDS\�RXWVLGH�RI�FOLQLFDO�WULDO�VHWWLQJ�LQ�:DOGHQVWURP�PDFURJOREXOLQDHPLD��
SUDFWLFH�SDWWHUQV��WR[LFLWLHV�DQG�RXWFRPHV��%U�-�+DHPDWRO����������������������


