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Abstract: Primary central nervous system lymphoma (PCNSL) carries a dismal prognosis in elderly patients above 70 years of age
with a median overall survival of 6 months. Novel therapeutic agents are urgently needed to improve survival outcomes in this age
group. We describe the clinical presentation, diagnostic workup, and treatment outcome in two 80-year-old patients diagnosed with
PCNSL who were treated with ibrutinib therapy. Both patients remain in complete remission following treatment with ibrutinib
therapy. One patient is currently 4 years and the other is 2 years and 9 months from the time of initial diagnosis. We suggest that
ibrutinib therapy has significant therapeutic activity against PCNSL in the newly diagnosed setting and should be evaluated in
a clinical trial as part of front-line therapy, especially in elderly patients.
Keywords: newly diagnosed primary central nervous system lymphoma, ibrutinib, elderly adults, relapsed/refractory primary central
nervous system lymphoma, clinical outcomes

Introduction
Primary central nervous system lymphoma (PCNSL) consists predominantly of non-germinal center diffuse large B cell
lymphoma (NGC-DLBCL) confined to the brain, leptomeningeal compartment, eyes, cranial nerves, and spinal cord.1–3

Comprising less than 4% of non-Hodgkin lymphoma (NHL) cases and 4% of all primary brain tumors,4,5 PCNSL carries
a predilection for older adults as the large majority of affected individuals are above 60 years of age with 37% of all cases
found in those above 70 years old.6 According to an epidemiologic study evaluating over 25,000 PCNSL patients, the
median overall survival (mOS) for combined age groups doubled from 12.5 months to 26 months over four decades, but
the mOS for those above 70 years old remained dismal at 6 months.6 As such, elderly patients appear to be left behind
with a poor prognosis. Novel agents with improved therapeutic efficacy and acceptable tolerability are therefore urgently
needed to address this issue in the elderly, who are often unable to withstand standard chemotherapeutic agents or
intensive consolidation treatments, such as autologous stem cell transplant or whole brain radiation. Some of these novel
therapeutic agents include ibrutinib and immunomodulators, such as lenalidomide and pomalidomide, which have shown
significant therapeutic activity in the relapsed/refractory setting of CNS lymphoma and vitreo-retinal lymphomas.7 We
report two elderly patients with newly diagnosed PCNSL who have achieved long-term complete remission while on
ibrutinib without any major toxicities.

Case #1
An 80-year-old female with hypertension, chronic kidney disease (CKD), and distant history of right-sided breast cancer
in remission presented to her local ophthalmologist with painless vision loss in the right eye over the previous 2–3 weeks.
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Ophthalmological examination revealed papilledema and vitreous cells. Magnetic resonance imaging (MRI) of the brain
showed a well-defined splenial mass in the corpus callosum measuring approximately 2.5 cm in diameter and involving
the posterior right central cerebrum, external capsule, cingulate gyrus, and contiguous cingulate sulcus leptomeninges
(Figure 1A and B). Full body computed tomography (CT) scan showed no evidence of malignancy. Cerebral spinal fluid
(CSF) studies and vitrectomy of the right eye were conducted without definitive pathologic diagnosis. A stereotactic
biopsy of the right corpus callosal lesion was performed and revealed a diffuse proliferation of large neoplastic
lymphocytes (Figure 2A). Immunohistochemistry (IHC) demonstrated that the lymphoma cells were positive for
CD20, BCL2 (90%), MYC (80%), PAX5, and MUM1; negative for CD10, BCL6, and CD30 (Figure 2B-E). The Ki-
67 proliferation index was 100% (Figure 2F). Fluorescence in situ hybridization (FISH) showed 3 or more copies of
MYC (at 8q.24) in 70% of nuclei without translocation, consistent with a diagnosis of “double expressor” DLBCL.1 Due
to stage 3 CKD with an estimated creatinine clearance (Cr Cl) between 50–60 mL/min, the patient was initiated on
renally dosed high-dose methotrexate (HD-MTX) at 1.75 g/m2 (50% dose reduction of regular dose 3.5 g/m2 as
calculated by: 100 – Cr Cl = % dose reduction) alongside rituximab and temozolomide. Following her first dose of

Figure 1 (A) Contrast-enhanced T1-weighted axial MRI from case #1 shows an enhancing infiltrative lesion (arrow) in the splenium of the corpus callosum which also
demonstrates restricted diffusion ((B), arrow) typical of PCNSL. Follow-up MRI (C and D) 5 months after treatment shows complete resolution of the lesion.
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MTX, the patient experienced worsening kidney function with Cr Cl decreasing to 40–50 mL/min, and the patient was
switched to ibrutinib 560 mg daily in combination with rituximab 375 mg/m2 weekly for 8 weeks. She received oral
dexamethasone 4 mg twice daily with taper for 2 weeks around the time of diagnosis and IV dexamethasone 20 mg
weekly with each rituximab treatment. One month after switching to ibrutinib with continued rituximab/steroidal therapy,
the patient underwent repeat MRI of the brain, which demonstrated a partial response to therapy with interval decrease in
splenial mass size and associated mass effect. Four months later while being maintained on ibrutinib alone, a repeat MRI
revealed complete remission without any evidence of residual or recurrent lymphoma (Figure 1C and D). She is currently
4 years out from her original diagnosis and remains in complete remission while on ibrutinib. She enjoys an ECOG
performance status of 1 with retained cognitive function.

Case #2
An 80-year-old male with coronary artery disease, stage 2 CKD, and distant history of lung cancer in remission presented
to his primary care physician with a one-month history of rapidly progressive cognitive impairment along with left leg
and right upper extremity weakness. He was ataxic with multiple near falls. MRI of the brain demonstrated a large
enhancing lesion involving the splenium of the corpus callosum and extending into the occipital horns of both lateral
ventricles, the left centrum ovale, and the left frontal deep white matter (Figure 3A). Stereotactic needle biopsy
confirmed a pathologic diagnosis of NGC-DLBCL. IHC revealed lymphoma cells, which stained positive for CD20,
BCL2, and MUM1 with a proliferation index of 70% by Ki-67 (Figure 4A-D); negative for CD10, BCL6, MYC, and
CD30. A full body positron emission tomography (PET) was negative for malignancy outside of the CNS. Due to an
estimated Cr Cl between 60–70 mL/min, the patient was initiated on renally dosed HD-MTX at 2.45 g/m2 (30% dose
reduction from 3.5 g/m2), rituximab, and ibrutinib. His kidney function immediately deteriorated with a Cr Cl between
35–40 mL/min. He was therefore switched to ibrutinib 560 mg daily in combination with rituximab 375 mg/m2 weekly
for 8 weeks. He received oral dexamethasone 4 mg twice daily with taper for 2 weeks around the time of diagnosis and
IV dexamethasone 20 mg weekly with each rituximab treatment. He underwent an MRI of brain less than 3 months
following his original diagnosis while on ibrutinib therapy alone, which demonstrated significant interval improvement
and complete resolution of the left splenial mass with residual T2 signaling in the periventricular white matter. A repeat
MRI of the brain 7 months thereafter confirmed a complete response with clear resolution of all pre-existing lesions

Figure 2 (A) H&E section (x 20) from case #1 demonstrates diffusely infiltrating large lymphoma cells. IHC shows that the lymphoma cells are positive for CD20, MUM1,
BCL2, MYC, with a high proliferative rate by ki-67 (100%) ((B) – F, x 2). These findings fit the diagnostic criteria of “double-expresser” diffuse large B cell lymphoma.
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(Figure 3B). He is currently 2 years and 9 months out from his original diagnosis and remains on ibrutinib while in
complete remission. He enjoys an ECOG performance status of 0 with excellent cognitive function.

Discussion
We report two elderly patients with newly diagnosed PCNSL who have been on treatment with ibrutinib therapy before
achieving long-term complete remission. Both patients could not tolerate HD-MTX based induction therapy due to
worsening kidney function with decreased Cr Cl and were treated with rituximab and ibrutinib for 8 weeks followed by
maintenance ibrutinib alone. It is worth noting, however, that both patients received a single dose of renally dosed HD-
MTX before transitioning to ibrutinib, steroids, and rituximab, and only thereafter, underwent repeat imaging to assess
treatment response. Consequently, it is difficult to strictly assess ibrutinib’s influence in the initial treatment response of
both cases due to comitant use of rituximab with steroids and a single cycle of HD-MTX. However, the complete
response witnessed on later imaging while only receiving ibrutinib alone suggests significant therapeutic efficacy from
ibrutinib therapy. Case #1 especially highlights ibrutinib’s role in obtaining a complete response as initial imaging only
demonstrated a partial response to previous therapies, and it was only after continuing ibrutinib monotherapy when the
patient attained a complete response. This patient’s response is particularly striking as she harbored an aggressive B cell
lymphoma with double expressor phenotype and a proliferation index of 100%. Case #2 represents a case of NGC-
DLBCL without evidence of double hit lymphoma or double expressor phenotype. Because no definitive biomarkers

Figure 3 (A) Contrast-enhanced T1-weighted sagittal MRI from case #2 shows an enhancing infiltrative lesion in the splenium of the corpus callosum (arrow) along with
multiple other foci of perivascular enhancement in the white matter (arrowheads) quite characteristic of PCNSL. Follow-up MRI (B) 10 months later shows complete
resolution of these abnormalities.
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have been identified in predicting treatment response to ibrutinib, negative MYC expression in this patient’s case did not
carry any predictive value in determining response to ibrutinib therapy.8 Nonetheless, the patient responded quickly to
treatment and experienced near complete remission on initial imaging following single dose HD-MTX, steroids,
rituximab, and ibrutinib. Months later while on ibrutinib monotherapy, repeat MRI confirmed complete resolution of
all pre-existing lesions. Since then, both patients in the current series have maintained long-term complete remission, far
surpassing the 6 month mOS previously reported in those above 70 years of age.6 Despite the limitation of only having
two patients in the current series, the long-term complete remission seen in both cases suggests that ibrutinib has
significant therapeutic activity against PCNSL in the newly diagnosed setting. This finding is especially significant for
older adults who are often unable to withstand standard chemotherapeutic agents due to a poor functional status or
significant comorbidities (eg CKD).

Ibrutinib is an inhibitor of Bruton’s tyrosine kinase (BTK), an important signaling molecule in B cell receptor and
Toll-like receptor signaling pathways which are constitutively active in PCNSL.9–12 It can cross the blood brain barrier
quite well with a median CNS penetration of 43.4%, 35.1%, and 28.7% at dose levels of 560 mg, 700 mg, and 840 mg,
respectively.11 Ibrutinib has been tested in two clinical trials as monotherapy for relapsed/refractory PCNSL, secondary
CNS lymphoma, and primary vitreo-retinal lymphoma (Table 1).8,10 Although response rates to ibrutinib were high in
both trials, progression free survival was rather short with only a few long-term responders. It appears that ibrutinib is
more efficacious against ocular relapsed disease than brain/spinal cord relapsed disease.8 Rapid response to ibrutinib in
the newly diagnosed setting of PCNSL has only been reported in a clinical trial whereby ibrutinib monotherapy (560–
840 mg daily for two weeks) was used as a pre-treatment before initiation of a combination therapy (TEDDi-R;
temozolomide, etoposide, Doxil, dexamethasone, ibrutinib, and rituximab).11 The overall response rate to the short-
lived ibrutinib monotherapy was 83% with all responders achieving partial response. Besides BTK inhibition with
ibrutinib, other therapeutic options for older patients with PCNSL who often cannot tolerate intensive chemoimmu-
notherapy include immunomodulators (ie, lenalidomide and pomalidomide) as well as phosphatidylinositol 3-kinase
(PI3K) inhibitors, such as idelalisib, which has shown therapeutic activity in systemic B cell lymphomas.13 Although it

Figure 4 (A) H&E section (x 20) from case #2 demonstrates the diffusely infiltrating large atypical lymphocytes with marked apoptosis. IHC shows that the neoplastic
lymphocytes are positive for CD20 ((B), x 20) and MUM1 ((C), x 20) with a high proliferative rate by Ki-67 (70%) ((D), x 20); they are negative for CD10, MYC, BCL6, and
CD30.
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remains to be seen whether or not PI3K inhibitors are effective in PCNSL treatment, they are currently being
investigated in early phase clinical trials in the relapsed/refractory setting (ClinicalTrials.gov identifier:
NCT03581942).

It is worth noting that ibrutinib has been associated with aspergillosis in relapsed/refractory PCNSL.8,10,11,14 The incidence
for aspergillosis appears to be increased when ibrutinib is combined with other steroids and/or chemotherapeutic agents.
Mechanistically, BTK plays an important role in the innate immune response, and when BTK signaling is inhibited within
immune cells (ie, phagocytes), there appears to be an increased susceptibility to aspergillosis.11,14 Despite not receiving anti-
fungal prophylaxis while on long-term ibrutinib, the patients in the current series have not experienced any signs of
aspergillosis or infectious complications. Prophylaxis was deemed unnecessary since long term combination therapy and/or
extended use of steroids was avoided in both patients. For individuals receiving ibrutinib therapy as part of combination
therapy, anti-fungal prophylaxis should be considered in order to mitigate the risk of aspergillosis.15

Conclusion
In conclusion, our series describes what appears to be the first report of two elderly patients with newly diagnosed
PCNSL who have achieved long-term complete remission while on ibrutinib therapy. Although both patients received
concomitant steroids and one cycle of HD-MTX chemotherapy during initial treatment, it appears that ibrutinib has
significant therapeutic activity against PCNSL in the newly diagnosed setting. We suggest that ibrutinib therapy should
be brought to the frontline and evaluated in clinical trials for newly diagnosed PCNSL as a monotherapy or in
combination with other therapeutic agents, especially in elderly patients who often cannot withstand standard chemother-
apeutic regimens.

Ethics and Consent
Written informed consent was obtained from both patients in the current series for the publication of this manuscript and
accompanying images. Institutional approval was not required for publication.

Table 1 Therapeutic Activity of Ibrutinib Monotherapy in Relapsed/Refractory PCNSL, SCNSL, and PVRL in Clinical Trials

Clinical
Trial

Phase Treatment Median
Follow up

Total Accrual/Evaluable Disease Status at
Study Inclusion

ORR/CR
+CRu

mPFS mOS

Soussain
et al8

II Ibrutinib 560mg

qd.

25.7 M 52 (Total accrual) with R/R PCNSL or PVRL 52%/19% 3.3 M 14.4

M

38 (Total accrual) with brain/spinal cord

involvement

2.1 M 7.5 M

14 (Total accrual) with ocular with or without

CSF involvement

22.7 M NR

44 (Evaluable) with R/R PCNSL or PVRL 59%/23% 4.8 M 19.2

M

38 (Evaluable) with brain/spinal cord

involvement

47%/10%

14 (Evaluable) with ocular with or without CSF

involvement

86%/50%

Grommes
et al10

I Ibrutinib 560–

840mg qd.

15.7 M 20 (Total accrual) with R/R PCNSL or SNCSL

13 with R/R PCNSL 77%/38% 4.6 M 15 M

7 with R/R SCNSL 71%/57% 7.4 M NR

Abbreviations: R/R, relapsed/refractory; PCNSL, primary central nervous system lymphoma; SCNSL, secondary CNS lymphoma; PVRL, primary vitreo-retinal lymphoma;
ORR, overall response rate; CR, complete response; Cru, unconfirmed complete response; mPFS, median progression free survival; mOS, median overall survival; NR, not
reached; M, months.
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