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ABSTRACT 
Background: Trea tmen t for refractory or relapsed primary CNS lymphoma (r/r PCNSL) is challenging. 
Salvage whole-brain radiation therapy (WBRT) is an option but has a short duration of disease 
contr ol , so additional tr eatment modalities ar e w arran ted . C ase: A 75-y ear-old female with r/r PCNSL 
who had multiple pr ogr essions after multiple lines of trea tmen t underwen t salv age WBRT. The 
pa tien t r eceiv ed ibrutinib, a Bruton’s tyr osine kinase inhibit or, as maint enanc e therapy for 18 months 
following WBRT with the in ten tion of increasing surviv al dura tion after salvage WBRT. She survived 
81 months from diagnosis, including 57 months after completion of WBRT. Conclusion: This case 
presen ta tion describes the experience of using ibrutinib as maint enanc e therapy in treating r/r 
PCNSL after salvage WBRT. 

Plain language summary: Trea tmen t for refractory or relapsed primary CNS lymphoma (r/r PCNSL) 
is difficult. Salvage whole-brain radiation therapy (WBRT) is one trea tmen t choice, but the effects 
do not last v ery long. Ther efor e, additional tr ea tmen t r egimens ar e needed . The authors r eport a 
75- year -old female with r/r PCNSL who had several prog ressions aft er multiple lines of trea tmen t 
and underwen t salv age WBR T. Following WBR T, the pa tien t r eceiv ed ibrutinib, a Bruton’s tyr osine 
kinase inhibitor, as maintenance therapy for 18 months to increase the duration of survival after 
salvage WBRT. She survived 81 months from diagnosis, including 57 months after completion of 
WBRT. This case reflects the experience of using ibrutinib as maintenance therapy in treating r/r 
PCNSL after salvage WBRT. 

TWEETABLE ABSTRACT 
A 75- year -old female with relapsed primary CNS lymphoma had salvage whole-brain radiation 
therap y follo wed b y ibrutinib maint enanc e therapy. She t olerat ed treatment and had prolonged 
survival. Further study of the effects of ibrutinib in this setting is suggested. 

1

 

s  

n  

i  

P  

s  

U  

L  

i  

c  

r  

B  

 

 

 

 

 

 

 

 

 

 

 

 

C
©
T
(
a
a

. I ntro duction 

Primary CNS lymphoma (PCNSL) is a rare and aggres-
ive subtype of non-Hodgkin’s lymphoma that origi-
at es in lymphocyt es and develops in the CNS, specif-

cally the brain, spinal cor d , ey es , or leptomeninges .
CNSL has an incidence rate of 0.5 per 100,000 per-
ons per year, with 1500 new cases per year in the
SA alone [ 1 ]. The out c omes of PCNSL ar e suboptimal .
eft un trea ted, the median overall survival (OS) is approx-

ma tely 1.5 mon ths [ 2 ]. PCNSL symptoms, which include
 og nitive impairments , personality changes , focal neu-
ological deficits, and seizures, can progress rapidly [ 3 ].
iopsies are the gold standard for PCNSL diagnosis, while
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contr ast -enhanced cr anial MRI is oft en used for imag ing
diagnosis [ 4 ]. 

Standard induction therapy for PCNSL inv olv es either
single-agen t high-dose methotrexa te (HD -MTX) or HD -
MTX-based combination therapy. Depending on physi-
cian pr efer ence, a variety of HD-M TX-based induction
therapy regimens e xist , such as single-agent HD-MTX,
rituximab, methotrexate, and temo z olomide (R-MT); rit-
uximab, methotr exate, pr ocar bazine, and vincr istine (R-
MPV); and methotrexate , cytarabine , thiotepa, and rit-
uximab (MATRix) [ 5 ]. The introduction of HD-MTX-based
regimens has greatly improved the prognosis of PCNSL
in recent decades, achieving a c omplet e or partial
response in most pa tien ts with PCNSL and increas-
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ng the median OS from 12.5 months to 26 months 
 5 , 6 ]. 

Nonstandard consolidation therapy options for PCNSL
nclude high-dose sy st emic chemotherapy with autol-
gous st em-c ell rescue; tr aditional chemother apy
uch as cytarabine + thiotepa follo wed b y carmus-
ine + thiot epa, thiot epa, busulfan, and cyclophos-
hamide; high dose cytarabine + etoposide; and
igh- dose c ytarabine [ 7 ] and half- dose whole-brain
 adiation ther apy (WBRT) [ 8 ]. Nonstandard maint enanc e
herapy options for PCNSL include monthly HD-MTX,
emo z olomide, rituximab, lenalidomide, procarbazine,
nd ibrutinib [ 7 , 9 , 10 ]. More a tten tion has recently been
rawn t o maint enanc e therapy t o prolong the duration
f remission achieved by induction therapy, particu-

arly in the elderly who cannot t olerat e c onsolidation
herapies [ 9 ]. 

Refractory or relapsed PCNSL (r/r PCNSL) is char-
cteriz ed b y the disease being unr esponsiv e to anti-

ymphoma trea tmen t or returning aft er c ompletion of
rea tmen t. One-third of PCNSL cases are refractory
o initial trea tmen t, and nearly half of pa tien ts with
CNSL experience a relapse in disease within the first
 years of diagnosis [ 11 ]. There are no standard ther-
pies for r/r PCNSL. Nonstandard trea tmen t regimens

nclude rechallenging with single-agent HD-MTX or HD-
 TX-based r eg imens, c onventional chemotherapy, high-

ose chemotherapy/autologous hematopoietic stem cell
ransplan ta tion (HDC/ASCT), or WBR T [ 12–14 ]. WBR T is
sually used as a last-line salvage therapy due to its neu-

otoxicity [ 14 ]. The duration of responses to salvage WBRT
s oft en limit ed, as pa tien ts with r/r PCNSL who under-

en t salv age WBRT alone only survived for a median
ength of 10 to 16 months [ 15–18 ]. Ther efor e, additional

aint enanc e therapy to extend survival after salvage
BRT for r/r PCNSL is w arran ted. 
Ibrutinib is a Bruton’s tyrosine kinase inhibitor that

nt erferes with B-c ell rec ept or sig naling, hindering the
urvival of lymphoma cells. It is currently US FDA-
ppr ov ed to tr ea t man tle cell lymphoma, chronic lym-
hocytic leukemia, and marginal zone lymphoma [ 19 , 20 ].

brutinib can cross the blood–brain bar r ier. Single-agent
brutinib has been used in clinical trials to treat patients

ith r/r PCNSL, showing good t oleranc e and survival ben-
fits [ 21 , 22 ]. Because of its suc c ess in treating patients
ith r/r PCNSL, ibrutinib was applied as maint enanc e

herap y follo wing salv age WBRT for a pa tien t who failed
ultiple trea tmen t reg imens, aft er carefully discussing

he benefits and risks with the pa tien t. 

. Case report 

The pa tien t, a 75- year -old (at diagnosis of CNSL) female,
as diagnosed with PCNSL in early January 2016 after a
biopsy. Multiple brain-enhancing lesions w er e found on
brain MRI, with the largest mass at the righ t fron tal lobe
( Figure 1 A). The pa tien t c omplet ed 10 doses of biweekly
HD-MTX (8 g/m 

2 ) induction therapy [ 23 ] from January to
June 2016, resulting in resolved disease on PET scan
and c omplet e remission (CR) on brain MRI ( Figure 1 B).
Because of the pa tien t’s age, she did not undergo addi-
tional chemotherapy or stem cell transplant as con-
solida tion/main t enanc e therapy and instead underwent
surveillance with brain MRIs. 
The first relapse of lymphoma was found at the right

cerebellum on surveillance brain MRI in May 2017, 11
months after the completion of induction therapy with
HD-MTX and 17 months after diagnosis ( Figure 2 A). There
was no relapse of lymphoma at the original site. The
pa tien t w as started on a second-line chemotherapy reg-
imen, temo z olomide and rituximab [ 24 ]. The enhanced
lesion c omplet ely r esolv ed after one cy cle (4 w eeks) of
temo z olomide and rituximab therapy ( Figure 2 B). How-
ever, 3 months after her first relapse, 20 months from
diag nosis, a sec ond r elapse, now multifocal , was iden-
tified on brain MRI ( Figure 3 ) in August 2017, and the
pa tien t w as r echallenged with biw eekly HD-M TX (8 g/m 

2 )
trea tmen t. After four doses of biweekly rechallenging HD-
MTX therapy, 2 months after her second relapse and 22
months aft er diag nosis, the brain MRI showed a third-
time disease pr ogr ession ( Figur e 4 ). The pa tien t w as
then enrolled in a clinical trial (NCT02483858), ‘Study of
Oral PQR309 Pa tien ts with Advanced Tumors’, in Novem-
ber 2017 [ 25 ]. Unfortunately, she experienced a rapid
decline in mental function, speech, strength, and gait.
Her CNS lymphoma w as significan tly larger on brain
MRI (fourth pr ogr ession) ( Figur e 5 ). Because of this,
the pa tien t wen t off the trial 1 month after enroll-
ment to the trial, and approximately 23 months from 

diagnosis. 
After being off the trial, the pa tien t r eceiv ed urgent WBRT
(50 Gy, 25 fractions) and c omplet ed radiation therapy in
January 2018, 2 years after the PCNSL diagnosis. As a
result of WBRT, the lymphoma burden showed a signif-
icant reduction on post -r adiation br ain MRI ( Figure 6 ).
The pa tien t also had impr ov ements in str ength and
speech but experienced memory and hearing impair-
ments likely due to radiation-related neur otoxicity. Giv en
the fact that her CNS lymphoma had failed multiple
trea tmen t regimens, main tenance therapy with ibruti-
nib after salvage WBRT was discussed with the patient
and her family members, who wished to move for-
ward to prevent additional recurrence. The pa tien t began
560 mg of oral ibrutinib daily as maint enanc e therapy
in March 2018 (2 months after completion of WBRT and
26 months from diagnosis). She tolerated ibrutinib w ell .
After 3 months of 560 mg daily ibrutinib treatment,
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A B

Figure 1. Brain MRIs prior to and after high dose-methotrexate trea tment . (A) Brain MRI prior to biopsy showed homogenous 
enhancing masses on post contrast T1 image. (B) Brain MRI showed resolution of lymphoma lesions on post -con trast T1 image after 
induction high dose-methotrexate treatment. 

A B

Figure 2. Brain MRIs of first relapse of primary central nervous system lymphoma and its resolution after temozolomide + rituximab 
trea tment . (A) Brain MRI showed first relapse at 11 months after completion of high dose-methotrexate (HD-MTX) induction therapy, 17 
months after diagnosis of primary central nervous system lymphoma. The r ecurr ent lymphoma was seen at right cerebellum on the 
post -con trast T1 image. (B) Brain MRI showed resolution of 1st relapsed lymphoma on the post -con trast T1 image at right cerebellum 

after 1 cycle (4 weeks) of temozolomide (TMZ) and rituximab (RTX) therapy. 
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er CNS lymphoma nearly r esolv ed (uCR). How ev er, a
ollow-up brain MRI after 6 months of 560 mg daily ibru-
inib trea tmen t showed mild progression of enhance-

ent, so her dosage of ibrutinib was increased from
60 mg to 840 mg daily. After 3 months of higher dose

840 mg) daily ibrutinib therapy, the lymphoma again
early r esolv ed (uCR). After 6 months of a higher dose

840 mg) of daily ibrutinib, the pa tien t’s brain MRI showed
esolution of lymphoma (CR; 12 months from initiation
f ibrutinib and 38 months from diagnosis). However, a

ab study showed elev a tion of liver function tests (LFTs)
n 840 mg daily dose, showing Common Terminology
r iter ia for Adverse Events version 5 (CTCAE v.5) grade
 alanine aminotr ansfer ase and aspartate aminotrans-

erase increase and CTCAE grade 3 alkaline phosphatase,
nd gamma-glutam yl transf erase increase. The pa tien t
 as asymptoma tic. 
 

Because of elev a ted LFTs, the dosage of ibrutinib was
tapered down to 560 mg daily. Her LFTs went back to nor-
mal range after this dose reduction. In late August 2019,
after nearly 18 months of ibrutinib maint enanc e therapy,
the pa tien t w as taken off ibrutinib in ac c ordanc e with the
pa tien t’s and her family’s wishes. Her surveillance brain
MRI at 4 months after being off ibrutinib, 4 years from
diagnosis, remained stable without signs of lymphoma
r ecurr ence. The disease and trea tmen t course are illus-
trated in Figure 7 . Consent was provided by the pa tien t
and her family to conduct a chart review, collect data for
r esear ch and education purposes, and present or pub-
lish de-identified data. The patient was lost to follow-
up during the coronavirus disease 2019 pandemic until
2022 when her family member updated the stable neuro-
log ical c ondition of the pa tien t. Ther e had been no mor e
brain MRI surveillance and clinic follow-ups in ac c ordanc e
with pa tien t and family wishes. The pa tien t died of a
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Figure 3. Brain MRI of relapsed primary central nervous system lymphoma. Brain MRI showed multifocal recurrence of lymphoma on 
post -con trast T1 image after 2 cycles (8 weeks) of Temozolomide (TMZ) + Rituximab (RTX) therapy, at 20 months since diagnosis. 

Figure 4. Brain MRI of further pr ogr essed primary central nervous system lymphoma. Brain MRI showed further progression on 
post -con trast T1 image after 2 cycles of (8 weeks) rechallenging biweekly high dose-methotrexate (HD-MTX), at 22 months since 
diagnosis. 

Figure 5. Brain MRI with more relapsed progressed primary central nervous system lymphoma. Brain MRI showed rapid 4th 
pr ogr ession on post -con trast T1 image after a clinical trial therapy, at 23 months since diagnosis. 
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ause the family did not disclose. She survived 57 months
4.75 years) from the completion of salvage WBRT and 81

onths (6.75 years) from the initial diagnosis of PCNSL. 

. Discussion 

This case presen ta tion highligh ts a pa tien t with r/r PCNSL
ho failed multiple lines of trea tmen t, w as trea ted safely
ith single-agent ibrutinib as maint enanc e therapy fol-
lowing salvage WBRT, and survived 81 months from diag-
nosis. It is w arran t ed t o explore this case since radiation
usually results in short remission, but this pa tien t survived
57 months after salvage WBRT, although it is difficult to
state the efficacy of the treatment based on a single 
case. 

r/r PCNSL is not uncommon, and there are no stan-
dar d therapies. Nonstandar d tr ea tmen t regimens include
rechallenging with single-agent HD-MTX or HD-MTX-
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Figure 6. Brain MRI after whole brain radiation therapy. Brain MRI showed a reduction of enhanced lymphoma lesions on post -con trast 
T1 image after completion of WBRT, at 24 months since diagnosis. 
WBRT: Whole brain radiation therapy. 
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Figure 7. The disease course and treatment response. Diagnosis: Diagnosed in 2016. Disease r ecurr ence: 1-5 disease. Black dot: with 
disease burden at diagnosis or recurrence (relapse/recurrence/progression). White dot: with no or mild disease burden due to partial or 
complete response to the treatment. 
CR: Complete response; HD-MTX: High dose-methotrexa te; uCR: Unc onfirmed c omplete response; WBRT: W hole br ain r adiation ther apy. 
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ased regimens, rituximab plus temo z olomide, other
onventional chemotherapy, HDC/ASCT, or WBRT [ 12–
4 ]. WBRT is usually used as a last-line salvage therapy due
o its neurotoxicity [ 14 ]. 

In the current literature, the administration of salvage
BRT alone for r/r PCNSL results in a median OS of 10

o 16 months [ 15–18 ]; in this case, the pa tien t survived
or 57 months (4.75 years) after salvage WBRT, 81 months
6.75 y ears) fr om initial diagnosis. The prolonged sur-
ival in this case after salvage WBRT may be related
o the 18 months of ibrutinib maint enanc e therapy. We
onsider ed the positiv e effect of ibrutinib against lym-
homa r ecurr enc e sinc e the pa tien t had mild tumor pro-
ression on a lower dose (560 mg) of daily ibrutinib but
xperienc ed c omplet e resolution of her lymphoma aft er
 months of higher-dose (840 mg) daily ibrutinib. Inter-
stingly, after reducing back to 560 mg daily dose from
60 mg daily dose due to adverse effects, no further
r ogr ession of lymphoma was noted on the lower dose
or even after discon tinua tion. The possible explana tion
is that 12 months of therapy with ibrutinib might be a
reasonable duration for maint enanc e therapy t o pr ev ent
the r ecurr enc e of lymphoma aft er salvage WBRT or induc-
tion therapy, as we reported in another case study [ 26 ]. 

The usual adult dose of ibrutinib is 420 mg to treat
chronic lymphocytic leukemia [ 27 ] or other conditions
such as W aldenström ’s macroglobulinemia [ 28 ]. While
the typical dose to treat PCNSL is 560 mg daily in most
studies [ 17 , 18 ], a few clinical studies have explored both
a higher dose of 840 mg daily and the typical dose
of 560 mg daily to treat patients with r/r PCNSL and
secondary CNSL and compared the drug concen tra tion
in cer ebr ospinal fluid [ 29–31 ]. Mean ibrutinib c onc en-
trations in the 2 h postdosing CSF w er e almost dou-
bled in the pa tien ts receiving 840 mg daily dose com-
pared with the 560 mg daily dose [ 29–31 ]; for exam-
ple, 3.992 ng/ml (range: 0.305–9.22) in pa tien ts receiv -
ing 840 mg daily dose versus 1.553 ng/ml (range: 0.991–
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Summary points 

• Primary CNS lymphoma (PCNSL) is an aggr essiv e disease that 
originates in lymphocytes and develops in the CNS. 

• Refractory or relapsed PCNSL (r/r PCNSL) is not uncommon. 
• W hole-br ain r adiation ther apy (WBRT) is usually used as a last-line 

salv age ther apy for r/r PCNSL and yields a median surviv al of 10 to 
16 months for patients with r/r PCNSL when used alone without 
maint enance therap y aft erwar d . 

• Because of past suc c ess in other studies of the treatment of r/r 
PCNSL, ibrutinib was used as maintenance therapy following 
salvage WBRT for a patient who failed multiple treatment regimens 
that included initial high-dose methotrexate (HD-MTX), rituximab 
and temozolomide, rechallenging with HD-MTX, and a clinical trial. 

• The patient t olerat ed a daily dose of 560 mg ibrutinib well and 
e xperienced near -resolution of the disease. 

• After 6 months of 560 mg daily ibrutinib trea tment , mild 
pr ogr ession of disease was det ect ed on brain MRI, so the daily 
ibrutinib dosage was increased to a higher dose of 840 mg daily. 

• After 6 months of a higher daily dose (840 mg) of ibrutinib 
trea tment , c omplet e disease resolution was det ect ed on brain MRI. 

• The patient survived for 57 months from completion of salvage 
WBRT with the addition of ibrutinib maintenance therapy for 
18 months following WBRT. 

• This case showed prolonged survival after salvage WBRT and 
ibrutinib maintenance therapy for relapsed PCNSL, suggesting it 
may be worth exploring the possible effect of ibrutinib as 
maint enance therap y for r/r PCNSL aft er salvage WBRT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.62) in pa tien ts receiving 560 mg daily dose [ 29 ]. Ibru-
inib at both dose levels was t olerat ed with manage-
ble adverse effects. No dose-limiting toxicity occurred
uring the dose-escalation portion of the study. There
as no difference in CTCAE grade 3 and grade 4 adverse

ffect pr ofiles betw een the tw o dose lev els. The r esponse
ates between 840 mg and 560 mg trea tmen t pa tien ts
 er e similar but w er e not directly compared in the arti-

le, likely due to the small number of pa tien ts in the stud-
es [ 29 , 30 ]. The authors proposed to use an 840 mg dose
f ibrutinib because cer ebr ospinal fluid drug c onc entra-

ions achieved with 840 mg were c onsist ently above the
0% inhibit ory c onc en tra tion needed t o induc e c ell death

n vitro [ 29–31 ]. The current case was started on a typi-
al 560 mg daily dose to treat PCNSL. Although a 560 mg
aily dose has known CNS penetration [ 29–31 ], the lym-
homa r ecurr ed , and the 560 mg daily dose needed to
e increased to 840 mg daily to make the CR. This find-

ng supports Grommes et al .’s proposal to use an 840 mg
ose of ibrutinib to treat CNSL [ 29 ]. It suggests the need

o push ibrutinib higher to 840 mg in individual pa tien ts
ith PCNSL who t olerat e lower dose therapy w ell . 

The pa tien t tolera ted ibrutinib well despite asymp-
 omatic CTCAE g rade 2 t o 3 elev a tion of LFTs on 840 mg
aily dose, which r esolv ed after reducing the dose to
60 mg daily. 

The proposal to use ibrutinib as maint enanc e therapy
ollowing salvage WBRT in the trea tmen t of r/r PCNSL to
xtend the duration of response to the anti-lymphoma
rea tmen t is supported by prior literature studies in which
ingle-agen t ibrutinib demonstra ted safety and efficacy
n the trea tmen t of newly diagnosed PCNSL as main-
 enanc e therapy [ 10 ] and in the trea tmen t of some r/r
CNSL cases [ 21 , 22 ]. In one phase II study involving 29 r/r
CNSL and 15 secondary CNS lymphoma cases, treat-
ent using single-agent ibrutinib resulted in an overall

esponse rate of 78%, a median progression-free survival
PFS) of 4 months, and a median OS of 19.5 months [ 22 ].
n another phase II study involving 52 pa tien ts with r/r
CNSL and primary vitr eor etinal lymphoma, tr ea tmen t
ith ibrutinib yielded a median PFS of 4.8 months and a
edian OS of 19.2 months [ 21 ]. 

onclusion 

n conclusion, this case showed prolonged survival after
ec eiving maint enanc e therapy with ibrutinib following
alvage WBRT. From a single case, it is difficult to draw
onclusions about the efficacy of this trea tmen t. Further
tudies with sufficient cases should be done to exam-
ne its effectiveness and optimal duration of maint enanc e
herapy after salvage WBRT to treat r/r PCNSL. 
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