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Introduction 
&HQWUDO�QHUYRXV�V\VWHP��&16��UHODSVH�LV�DQ�XQFRPPRQ�
FRPSOLFDWLRQ�RI�GLIIXVH�ODUJH�%�FHOO�O\PSKRPD��'/%&/���
RFFXUULQJ�LQ��DSSUR[LPDWHO\������RI�SDWLHQWV�DQG�DW�D�PHGLDQ�
WLPHSRLQW�RI�����PRQWKV�IURP�GLDJQRVLV���$SSUR[LPDWHO\�
KDOI�RI�WKHVH�FDVHV�SUHVHQW�DV�LVRODWHG�&16�UHODSVH�FDXVHG�
E\�RFFXOW�VHHGLQJ�RI�WKH�&16�HDUO\�LQ�WKH�GLVHDVH�FRXUVH��
while the remaining cases occur in the context of concurrent 
systemic relapse.��7KH�PHGLDQ�VXUYLYDO�DIWHU�&16�UHODSVH�LV�
RQO\�����PRQWKV�3 highlighting the unmet need to identify 
effective prophylaxis and management strategies. This article 
provides an overview of current controversies and optimal 
VWUDWHJLHV�IRU�SURJQRVWLFDWLQJ��SUHYHQWLQJ��DQG�WUHDWLQJ�&16�
relapse in patients with DLBCL.

Can CNS relapse be prognosticated? 
7KH�PRVW�ZHOO�HVWDEOLVKHG�ULVN�PRGHO�IRU�SURJQRVWLFDWLQJ�&16�
UHODSVH�LQ�'/%&/�LV�WKH�&16�,3,�VFRUH��ZKLFK�LV�FRPSULVHG�
RI�WKH���ULVN�IDFWRUV�RI�WKH�,QWHUQDWLRQDO�3URJQRVWLF�,QGH[�
�DJH�!���\HDUV��(DVWHUQ�&RRSHUDWLYH�2QFRORJ\�*URXS�>(&2*@�
SHUIRUPDQFH�VWDWXV�!���HOHYDWHG�ODFWDWH�GHK\GURJHQDVH�>/'+@��
!��H[WUDQRGDO�VLWH��VWDJH�,,,�,9��ZLWK�WKH�DGGLWLRQ�RI�NLGQH\�RU�
adrenal involvement4��7KH��������RI�SDWLHQWV�ZLWK�����ULVN�
IDFWRUV�KDYH�D��������LQFLGHQFH�RI�&16�UHODSVH��ZKLFK�LV�
considered to be high risk. Unfortunately, almost half of the 
SDWLHQWV�ZKR�H[SHULHQFH�&16�UHODSVH�GR�QRW�KDYH�D�KLJK�ULVN�
&16�,3,�VFRUH�DW�GLDJQRVLV��DQG�DOPRVW�����RI�SDWLHQWV�ZLWK�
D�KLJK�ULVN�&16�,3,�VFRUH�GR�QRW�GHYHORS�&16�UHODSVH��7KHUH�
LV�DOVR�VLJQL¿FDQW�KHWHURJHQHLW\�ZLWKLQ�WKH�KLJK�ULVN�&16�,3,�
JURXS��ZLWK�WKH�&16�UHODSVH�ULVN�UDQJLQJ�IURP����IRU�D�VFRUH�
RI���WR�����IRU�D�VFRUH�RI���4 Incorporation of the molecular 
FHOO�RI�RULJLQ�LQWR�WKH�&16�,3,�PRGHO�PD\�LPSURYH�SURJQRVWLF�
FDSDELOLW\��DV�SDWLHQWV�ZLWK�D�KLJK�&16�,3,�VFRUH�DQG�DFWLYDWHG�
%�FHOO�VXEW\SH�KDYH�D�����ULVN�RI�&16�UHODSVH���3ULRU�UHSRUWV�
KDYH�VXJJHVWHG�WKDW�0<&�DQG�%&/��SURWHLQ�RYHU�H[SUHVVLRQ�
RU�JHQH�UHDUUDQJHPHQWV�DUH�DOVR�DVVRFLDWHG�ZLWK�!����ULVN�RI�
&16�UHODSVH�� However, a more recent study found that the 
��\HDU�FXPXODWLYH�LQFLGHQFH�RI�&16�UHODSVH�LQ�SDWLHQWV�ZLWK�
de novo double hit lymphoma treated with curative intent was 
RQO\����IRU�WKRVH�ZLWK�'/%&/�PRUSKRORJ\�DQG�����IRU�KLJK�
grade morphology.� In addition, several clinical or anatomic 
ULVN�IDFWRUV�DUH�DVVRFLDWHG�ZLWK�D�!�������ULVN�RI�&16�UHODSVH��
including the presence of multiple extranodal sites, markedly 
elevated LDH, and testicular, uterine, or breast lymphoma.� 
7KHVH�ULVN�IDFWRUV�DOVR�KDYH�OLPLWHG�VHQVLWLYLW\�DQG�VSHFL¿FLW\�
IRU�SURJQRVWLFDWLQJ�&16�UHODSVH��DQG�IXUWKHU�ZRUN�LV�QHHGHG�WR�
identify a group of patients with DLBCL at uniformly high risk 
RI�&16�UHODSVH�

Is there a role for CNS prophylaxis in DLBCL? 
&16�SURSK\OD[LV�UHPDLQV�DQ�DUHD�RI�FRQVLGHUDEOH�FRQWURYHUV\�
GHVSLWH�OLPLWHG�HYLGHQFH�RI�EHQH¿W��,QWHUHVWLQJO\��WKH�RQO\�

DJHQW�SURYHQ�LQ�D�UDQGRPL]HG�WULDO�WR�UHGXFH�WKH�ULVN�RI�&16�
relapse is rituximab,7�DQG�WKH�ULVN�RI�&16�UHODSVH�KDV�IDOOHQ�
WR����LQ�WKH�ULWX[LPDE�HUD�OLNHO\�RZLQJ�WR�LPSURYHG�FRQWURO�
of systemic disease.��:KLOH�LQWUDWKHFDO��,7��FKHPRWKHUDS\�KDV�
been a commonly used prophylactic approach in DLBCL, it 
does not penetrate the brain parenchyma where the majority 
RI�&16�UHODSVHV�RFFXU��,Q�DGGLWLRQ��D�V\VWHPDWLF�UHYLHZ�
H[DPLQLQJ�������ULWX[LPDE�RELQXWX]XPDE�H[SRVHG�SDWLHQWV�
IURP����VWXGLHV�FRQFOXGHG�WKHUH�LV�QR�HYLGHQFH�WKDW�,7�
FKHPRWKHUDS\�UHGXFHV�WKH�ULVN�RI�&16�UHODSVH�LQ�'/%&/��

,QWUDYHQRXV�KLJK�GRVH�PHWKRWUH[DWH��+'�07;��GRHV�
penetrate the blood-brain barrier and has become widely 
used as a prophylaxis agent in DLBCL. However, it is a 
UHVRXUFH�LQWHQVLYH�WKHUDS\�WKDW�W\SLFDOO\�UHTXLUHV�����GD\V�RI�
KRVSLWDOL]DWLRQ�ZLWK�FDUHIXO�PRQLWRULQJ�DQG�VXSSRUWLYH�FDUH�
to prevent toxicities including mucositis, renal or hepatic 
G\VIXQFWLRQ��DQG�P\HORVXSSUHVVLRQ��$V�D�UHVXOW��+'�07;�
may not be feasible for many patients, including those with 
ROGHU�DJH�RU�PHGLFDO�FRPRUELGLWLHV��6HYHUDO�VPDOO�VWXGLHV�
VXJJHVWHG�WKDW�+'�07;�SURSK\OD[LV�PD\�EH�DVVRFLDWHG�ZLWK�
ORZHU�ULVNV�RI�&16�UHODSVH��������� However, these studies must 
be interpreted cautiously given their retrospective design, 
VPDOO�VDPSOH�VL]H��ODFN�RI�FRQFXUUHQW�FRQWUROV��DQG�RU�REYLRXV�
VHOHFWLRQ�ELDVHV�VXFK�DV�XVLQJ�+'�07;�RQO\�IRU�¿W�SDWLHQWV�
ZKR�DFKLHYHG�D�FRPSOHWH�UHVSRQVH�ZLWK�5�&+23��'HVSLWH�
the limited evidence, international guidelines adopted the 
UHFRPPHQGDWLRQ�WKDW�+'�07;�SURSK\OD[LV�EH�DGPLQLVWHUHG�
WR�SDWLHQWV�ZLWK�'/%&/�DW�KLJK�ULVN�RI�&16�UHODSVH������ 
,PSRUWDQWO\��RYHU�WKH�SDVW���\HDUV��VHYHUDO�JURXSV�KDYH�
UHSRUWHG�WKHLU�H[SHULHQFH�ZLWK�+'�07;�SURSK\OD[LV�DQG�
consistently concluded that this practice does not appear to 
UHGXFH�WKH�ULVN�RI�&16�UHODSVH��������������� In the largest of 
WKHVH�VWXGLHV�ZKLFK�LQFOXGHG�DOPRVW�������KLJK�ULVN�SDWLHQWV��
WKH�XVH�RI�+'�07;�ZDV�QRW�DVVRFLDWHG�ZLWK�D�VLJQL¿FDQW�
UHGXFWLRQ�LQ�WKH�ULVN�RI�&16�UHODSVH�RYHUDOO�QRU�LQ�DQ\�
high-risk subgroup.�� In a separate retrospective study of 
������SDWLHQWV��&16�UHODSVH�UDWHV�UHPDLQHG�DV�KLJK�DV����
GHVSLWH�WKH�XQLIRUP�DGPLQLVWUDWLRQ�RI�+'�07;�SURSK\OD[LV��
FDVWLQJ�IXUWKHU�GRXEW�RQ�WKH�HI¿FDF\�RI�WKLV�LQWHUYHQWLRQ��� 
,PSRUWDQWO\��WKH�LQWHUFDODWLRQ�RI�+'�07;�EHWZHHQ�5�&+23�
F\FOHV�ZDV�DVVRFLDWHG�ZLWK�D�����ULVN�RI�5�&+23�WUHDWPHQW�
delays and a trend to increased treatment-related mortality.�� 
This is of particular concern given that patients at risk of 
&16�UHODSVH�DUH�DW�HYHQ�JUHDWHU�ULVN�RI�V\VWHPLF�GLVHDVH�
progression, and the safe and timely administration of 
5�&+23�LV�SDUDPRXQW�

Taken in totality, the available data is clear that there is no 
SURYHQ�UROH�IRU�WKH�URXWLQH�DGPLQLVWUDWLRQ�RI�&16�SURSK\OD[LV�
LQ�'/%&/��$�PDWWHU�RI�RQJRLQJ�GHEDWH�LV�ZKHWKHU�WKHUH�
DUH�DQ\�KLJK�ULVN�VXEJURXSV�ZKR�PLJKW�VWLOO�EHQH¿W�IURP�
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&16�SURSK\OD[LV��)RU�H[DPSOH��D�SKDVH�,,�WULDO�RI����
patients with intravascular large B-cell lymphoma found 
WKDW�WKH�FRPELQDWLRQ�RI�5�&+23�DQG�+'�07;�UHVXOWHG�LQ�
D�&16�UHODSVH�ULVN�RI�����ZKLFK�LV�UHPDUNDEO\�ORZ�IRU�WKLV�
high-risk subtype of DLBCL.���$QRWKHU�VXEJURXS�ZLWK�D�
SDUWLFXODUO\�KLJK�ULVN�RI�&16�UHODSVH�DUH�SDWLHQWV�ZLWK�SULPDU\�
WHVWLFXODU�O\PSKRPD��IRU�ZKLFK�SURSK\ODFWLF�+'�07;�LV�
RIWHQ�UHFRPPHQGHG�EDVHG�RQ�D�SKDVH�,,�WULDO�RI����SDWLHQWV�
UHSRUWLQJ�D���\HDU�&16�UHODSVH�UDWH�RI������ However, there 
DUH�LQVXI¿FLHQW�GDWD�WR�GH¿QLWLYHO\�FRQ¿UP�D�EHQH¿W�RI�+'�
07;�SURSK\OD[LV�HYHQ�LQ�WKHVH�KLJK�ULVN�VXEJURXSV��DQG�WKH�
potential risks must be weighed against the lack of proven 
EHQH¿W�LQ�GLVFXVVLRQ�ZLWK�SDWLHQWV��6SHFL¿FDOO\��LI�D�SK\VLFLDQ�
FKRRVHV�WR�WUHDW�D�SDWLHQW�ZLWK�+'�07;�SURSK\OD[LV�GHVSLWH�
WKH�XQSURYHQ�EHQH¿W�IRU�DQ\�VXEJURXS�RI�SDWLHQWV�ZLWK�
DLBCL, then it should be administered after completion of 
5�&+23�WR�UHGXFH�WKH�ULVNV�RI�WR[LFLW\�DQG�RSWLPL]H�UHODWLYH�
GRVH�LQWHQVLW\�RI�WKH�PRUH�LPSRUWDQW�5�&+23�WUHDWPHQW���

How should CNS relapse be treated? 
&16�UHODSVH�LV�DVVRFLDWHG�ZLWK�D�SRRU�SURJQRVLV�DQG�WKHUH�
DUH�QR�UDQGRPL]HG�FRQWUROOHG�WULDOV�WR�JXLGH�PDQDJHPHQW��
&RQYHQWLRQDO�FKHPRWKHUDS\�ZLWK�&16�SHQHWUDWLQJ�GUXJV�VXFK�
DV�+'�07;�DQG�F\WDUDELQH�DUH�IUHTXHQWO\�XVHG��EXW�PRVW�
responses tend to be short-lived.���$V�D�UHVXOW��FRQVROLGDWLRQ�
with thiotepa-based high-dose chemotherapy and autologous 
VWHP�FHOO�WUDQVSODQWDWLRQ��$6&7��VKRXOG�EH�FRQVLGHUHG�EDVHG�
on the durable remissions demonstrated in several prospective 
studies.���������,Q�WKH�SKDVH�,,�0$5,(77$�WULDO�����SDWLHQWV�ZLWK�
VHFRQGDU\�&16�O\PSKRPD��6&16/��UHFHLYHG�0$75L[�DQG�
5�,&(�LQGXFWLRQ�IROORZHG�E\�WKLRWHSD�%&18�FRQGLWLRQLQJ�
DQG�$6&7��\LHOGLQJ�D���\HDU�SURJUHVVLRQ�IUHH�VXUYLYDO��3)6��
UDWH�RI�����IRU�DOO�SDWLHQWV�DQG�����DPRQJ�WKRVH�ZKR�
UHFHLYHG�$6&7�LQ�DQ�H[SORUDWRU\�DQDO\VLV��� In a recently 
SXEOLVKHG�VHULHV�IURP�$OEHUWD��WKH���\HDU�3)6�ZDV�����IRU�
���FRQVHFXWLYH�SDWLHQWV�ZLWK�6&16/�LQWHQGHG�IRU�$6&7��DQG�
����IRU�WKH����SDWLHQWV�ZKR�UHFHLYHG�KLJK�GRVH�WKLRWHSD��
EXVXOIDQ��PHOSKDODQ��ULWX[LPDE�FRQGLWLRQLQJ�DQG�$6&7����2I�
QRWH��WKH�RXWFRPHV�ZLWK�$6&7�DUH�EHWWHU�IRU�SDWLHQWV�ZLWK�
LVRODWHG�&16�UHODSVH�FRPSDUHG�WR�WKRVH�ZLWK�FRQFXUUHQW�&16�
and systemic disease.�����

$OWHUQDWLYH�WUHDWPHQWV�DUH�QHHGHG�IRU�SDWLHQWV�ZKR�
DUH�LQHOLJLEOH�IRU�$6&7�GXH�WR�SRRU�PHGLFDO�¿WQHVV�RU�
FKHPR�UHIUDFWRU\�GLVHDVH��3UHOLPLQDU\�HYLGHQFH�VXJJHVWV�
WKDW�FKLPHULF�DQWLJHQ�UHFHSWRU��&$5��7�FHOO�WKHUDS\�
DFKLHYHV�HQFRXUDJLQJ�UHVSRQVH�UDWHV�LQ�&16�O\PSKRPD�
with comparable rates of cytokine release syndrome and 
neurotoxicity as with systemic lymphoma, although larger 
VWXGLHV�ZLWK�ORQJHU�IROORZ�XS�DUH�QHHGHG�WR�FRQ¿UP�WKH�
durability of responses.���7DUJHWHG�DJHQWV�VXFK�DV�%UXWRQ¶V�
W\URVLQH�NLQDVH��%7.��LQKLELWRUV�RU�OHQDOLGRPLGH�DOVR�KDYH�
HVWDEOLVKHG�DFWLYLW\�LQ�&16�O\PSKRPD�������3DOOLDWLYH�ZKROH�
EUDLQ�UDGLDWLRQ�WKHUDS\��:%57��PD\�DOVR�EH�FRQVLGHUHG�EXW�
is associated with risks of neurotoxicity and poor long term 
survival.��

What does the future hold for CNS relapse? 
*LYHQ�WKH�ODFN�RI�GHPRQVWUDEOH�EHQH¿W�DQG�WKH�SRWHQWLDO�
WR[LFLWLHV�RI�+'�07;��QRYHO�&16�SURSK\OD[LV�VWUDWHJLHV�DUH�
needed. Targeted agents such as the BTK inhibitor ibrutinib 
or the immunomodulator lenalidomide do penetrate the 
EORRG�EUDLQ�EDUULHU��EXW�QHLWKHU�KDV�EHHQ�FRQ¿UPHG�WR�EH�
EHQH¿FLDO�LQ�'/%&/�DQG�QR�DGHTXDWHO\�SRZHUHG�VWXGLHV�
have been performed to evaluate their role as agents for 
&16�SURSK\OD[LV�������6XUSULVLQJO\��D�SRVW�KRF�DQDO\VLV�RI�
RQH�UDQGRPL]HG�WULDO�IRXQG�WKDW�PDLQWHQDQFH�OHQDOLGRPLGH�
DIWHU�5�&+23�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVNV�RI�&16�
relapse.34�0RUH�SURPLVLQJ�VWUDWHJLHV�XQGHU�LQYHVWLJDWLRQ�
LQFOXGH�WKH�LQFRUSRUDWLRQ�RI�PROHFXODU�WXPRU�SUR¿OLQJ�RU�
FHUHEURVSLQDO�ÀXLG�FLUFXODWLQJ�WXPRU�'1$��FW'1$��DQDO\VLV�
WR�LGHQWLI\�SDWLHQWV�DW�YHU\�KLJK�ULVN�RI�&16�UHODSVH�ZKR�
PLJKW�EHQH¿W�IURP�SURSK\OD[LV��DOWKRXJK�FRQ¿UPDWLRQ�LQ�
larger studies is needed.�������� Finally, it is also hoped that 
advances in the treatment of DLBCL, including the integration 
RI�SRODWX]XPDE�YHGRWLQ�LQWR�IURQWOLQH�WKHUDS\�DQG�WKH�XVH�RI�
VHFRQG�OLQH�&$5�7�FHOO�WKHUDS\��PLJKW�UHGXFH�WKH�ULVN�RI�&16�
UHODSVH�E\�RSWLPL]LQJ�FRQWURO�RI�V\VWHPLF�GLVHDVH���������

Conclusion 
While the optimal strategies for prognosticating and 
SUHYHQWLQJ�&16�UHODSVH�UHPDLQ�FRQWURYHUVLDO��WKHUH�LV�
growing consensus that prophylactic IT chemotherapy and 
+'�07;�OLNHO\�SURYLGH�QR�VLJQL¿FDQW�EHQH¿W�IRU�PRVW�
SDWLHQWV�ZLWK�'/%&/��$V�WKH�¿HOG�PRYHV�EH\RQG�WKH�&16�,3,�
VFRUH�WR�LQFRUSRUDWH�QRYHO�ULVN�VWUDWL¿FDWLRQ�WRROV�LQFOXGLQJ�
JHQRPLF�VXEJURXSLQJ�DQG�KLJK�VHQVLWLYLW\�FW'1$�DQDO\VLV��
LW�LV�SRVVLEOH�WKDW�VHOHFWLYH�WDUJHWLQJ�RI�&16�SURSK\OD[LV�WR�
ultra-high-risk subgroups may prove to be a more effective 
strategy in the future. In the meantime, clinicians can reassure 
WKHLU�SDWLHQWV�WKDW�WKH�ULVN�RI�&16�UHODSVH�UHPDLQV�ORZ�LQ�WKH�
rituximab era, and it will hopefully continue to decline as 
novel therapies emerge to improve systemic disease control. 
,Q�DGGLWLRQ��WKH�HDUO\�GHWHFWLRQ�RI�&16�LQYROYHPHQW�DQG�WKH�
WLPHO\�DGPLQLVWUDWLRQ�RI�WKLRWHSD�EDVHG�$6&7�LV�D�SURPLVLQJ�
VWUDWHJ\�WR�RYHUFRPH�WKH�KLVWRULFDOO\�SRRU�SURJQRVLV�RI�&16�
relapse.
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