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Although CD20xCD3 bispecific antibodies are effective against systemic B-cell lymphomas, their efficacy in central nervous
system (CNS) lymphoma is unknown. Here, we report the CD20xCD3 bispecific glofitamab penetrates the blood-brain barrier,
stimulates immune-cell infiltration of CNS tumors, and induces clinical responses in patients with secondary CNS.

Remarkable progress has been made in the treatment of systemic
B-cell lymphomas with the introduction and recent US Food and
Drug Administration approval of CD20xCD3 bispecific antibodies
(BsAbs). CD20 BsAbs function through their ability to activate and
redirect T cells to the tumor,"™ and are associated with high
response rates of 50% to 80% in patients with relapsed/refractory
B-cell lymphomas.”” Although CD20 BsAbs are effective in sys-
temic B-cell lymphomas, it is unclear whether these large immu-
noglobulin G-based macromolecules (150-200 kDa) can cross the
blood-brain barrier (BBB) or induce clinical responses in lym-
phomas involving the central nervous system (CNS). These are
timely and relevant questions as the 5-year survival of patients
with primary or secondary CNS lymphoma is only 30% to
40%,"%"" underscoring the importance of identifying improved
treatment options for these patients. Here, we compiled the first
reported case series of patients with CNS lymphoma treated with
CD20 BsAb-based therapy to assess the ability of CD20 BsAbs to
cross the BBB and induce clinical responses in patients.

The clinical characteristics of the 4 patients included in the case
series are provided in Table 1. All 4 patients had biopsy-proven
CD20" diffuse large B-cell lymphoma with secondary CNS
involvement. Patients were heavily pretreated with a median of
4 prior lines of therapy, and all patients relapsed after prior
CD19-directed chimeric antigen receptor T-cell therapy. Two
patients presented with lymphoma confined to the CNS at the
time of CD20 BsAb treatment, and 2 patients had concomitant
systemic and CNS disease. Sites of CNS involvement included
the CNS parenchyma (n = 3) and leptomeninges (n = 1).

Patients were all treated with the CD20 BsAb glofitamab as
standard of care after providing informed consent for treatment.
Glofitamab treatment was administered using the standard
step-up dosing regimen, and treatment was given off-trial
despite the fact that no such patients with CNS lymphoma have
been enrolled in glofitamab clinical studies.” Two patients
received concomitant acalabrutinib and focal brain radio-
therapy. Two patients received obinutuzumab pretreatment in

accordance with the glofitamab package insert, whereas obi-
nutuzumab pretreatment was omitted in 2 patients because of
rapidly progressing disease. The median number of glofitamab
cycles was 6.5 (range, 2-8). Transient grade 1 to 2 cytokine
release syndrome occurred in 2 patients, and no patient
exhibited immune effector cell-associated neurotoxicity syn-
drome or other neurologic adverse effects from treatment.

On-treatment cerebrospinal fluid (CSF) samples were collected
from each patient to determine the extent to which glofitamab
penetrated the BBB, as assessed by an enzyme-linked immu-
nosorbent assay-based assay validated for human serum.®
Suitability of the assay for analysis of CSF samples was
demonstrated. CSF samples were collected by lumbar puncture
under direct fluoroscopy. Timing of CSF collections in relation
to glofitamab dosing is provided in Table 1. Glofitamab was
detected in the CSF of all 4 patients, with concentrations
ranging from 0.00632 to 0.0296 pg/mL (Figure 1A). Two
patients with synchronous plasma and CSF collections exhib-
ited glofitamab CSF concentrations of 0.1% and 0.4% of that
observed in the plasma.

We next assessed whether the concentration of glofitamab in
patient-derived CSF samples was sufficient to induce T-cell
activation and cytotoxicity against CD20" lymphoma cells
ex vivo. Healthy donor peripheral blood T cells and CD20"
lymphoma cell lines were incubated with patient-derived CSF
samples at a 5:1 effector/target ratio. All 3 patient-derived CSF
samples that were assessed induced significant T-cell activa-
tion, as determined by CD25 and CDé69 upregulation, and
significantly increased cytotoxicity of lymphoma cells compared
with T cells incubated with lymphoma cells and control buffer
(Figure 1B-C). No increase in T-cell-mediated cytotoxicity was
observed when CSF samples were incubated with T cells and a
CD20-negative lymphoma cell line (Figure 1C). These data
indicate glofitamab achieved a sufficient concentration in the
CSF to drive T-cell activation and cytotoxicity against CD20*
lymphoma cells ex vivo.
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Table 1. Clinical characteristics of patients with secondary CNS lymphoma

Characteristic Patient 1 Patient 2 Patient 3 Patient 4
Age, y 82 56 40 4
Sex M F F F
No. of lines of prior therapy 4 4 4 5
Prior therapies 1. R-miniCHOP 1. R-CHOP 1. R-HyperCVAD 1. R-CHOP

2. Lenalidomide 2. High-dose MTX 2. WBRT 2. HyperCVAD

3. Focal RT 3. R-GDP 3. AVYM0703 3. WBRT

4. Lisocabtagene 4. Axicabtagene ciloleucel | 4. Lisocabtagene 4. R-GemOx

maraleucel maraleucel 5. Lisocabtagene
maraleucel

Sites of disease

CNS parenchyma

Bone, leptomeninges, and
CSF

CNS parenchyma

CNS parenchyma and
cranial nerves

Concomitant therapies

None

Obinutuzumab
pretreatment and
intrathecal MTX

Obinutuzumab
pretreatment, focal RT,
corticosteroids, and
acalabrutinib

Focal RT, corticosteroids,
and acalabrutinib

Timing of CSF collection

9 d after C4AD1

16 h after C2D1

18 d after C3D1

18 d after C2D1

29 leukocytes/pL

12 lymphocytes/pL

42% lymphoma cells
3 d postglofitamab:

366 leukocytes/pL

48 lymphocytes/uL

3% lymphoma cells

CRS or ICANS Gr 2 CRS after C1D1 Gr 1 CRS after C1D8 No No

No. of glofitamab cycles >8 =6 >7 2
Glofitamab response PR CR PR PD
CSF cellular composition NA Preglofitamab: NA NA

CSF, cerebrospinal fluid; CR, complete response; CRS, cytokine release syndrome; CxDx, cycle and day of glofitamab treatment; F, female; Gr, grade; ICANS, immune effector cell-
associated neurotoxicity syndrome; M, male; MTX, methotrexate; NA, not applicable; PD, progressive disease; PR, partial response; R-CHOP, rituximab, cyclophosphamide, hydroxy-
daunorubicin, Oncovin (vincristine), and prednisone; R-GDP, rituximab, gemcitabine, dexamethasone, and cisplatin; R-GemOx, rituximab, gemcitabine, and oxaliplatin; R-HyperCVAD,
rituximab, cyclophosphamide, vincristine, Adriamycin (doxorubicin), and dexamethasone; R-miniCHOP, rituximab, reduced dose cyclophosphamide, hydroxydaunorubicin, Oncovin

(vincristine), and prednisone; RT, radiotherapy; WBRT, whole brain radiotherapy.

We collected CSF samples before and after glofitamab treat-
ment in patient 2, who had lymphoma involving the CSF, which
enabled a dynamic assessment of immune cell infiltration to the
tumor site during therapy. In the week before glofitamab
treatment, there were 29 leukocytes/pL of CSF. Remarkably, 3
days after the initial 2.5 mg glofitamab dose, the number of CSF
leukocytes increased >12-fold to 366/pL, and there was a
robust increase in the absolute number of lymphocytes from 12
to 48 cells/uL of CSF. The on-treatment CSF sample also
demonstrated a substantial relative reduction in lymphoma cells
compared with the pretreatment sample (3% vs 42% of all cells),
which suggested glofitamab robustly redirected immune cells
to the tumor site in this patient.

In terms of clinical efficacy, patient 1 received glofitamab
monotherapy for isolated CNS parenchymal disease and
demonstrated objective radiographic and clinical improvement
with treatment. The patient had near resolution of his/her
neurologic deficits (personality changes, memory loss, and
postural imbalance) within days of the first glofitamab dose.
Restaging brain magnetic resonance imaging (MRI) obtained
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after 2 and 4 months of treatment demonstrated ongoing
reduction in the size of the primary left frontal lobe lesion from
16 to 9 mm with near complete resolution of contrast
enhancement (Figure 1D). The patient remains on glofitamab
beyond 8 cycles and continues to improve clinically. Patient 2
presented with systemic and leptomeningeal lymphoma (as
described above), and was treated with glofitamab and obinu-
tuzumab pretreatment. The patient achieved a complete
metabolic response systemically and had complete clearance of
lymphoma from the CSF that is ongoing beyond 6 cycles.
Although this suggests clinical benefit from glofitamab, the
patient also received 4 administrations of intrathecal chemo-
therapy following the first dose of glofitamab. Thus, we cannot
entirely exclude the possibility that the intrathecal chemo-
therapy or the obinutuzumab pretreatment also contributed to
the patient’s response. The robust increase of immune cells in
the CSF shortly after glofitamab treatment in this patient,
however, strongly supports the notion that glofitamab contrib-
uted significantly to the clearance of lymphoma from the CSF.
Patient 3 was treated with acalabrutinib, radiotherapy, and
glofitamab with obinutuzumab pretreatment. A brain MRI after
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Figure 1. Glofitamab penetrates the BBB and induces responses in patients with secondary CNS lymphoma. (A) Bar graph demonstrating the concentration of glofitamab in
patient (Pt)-derived samples from the CSF and plasma. The relative proportion of glofitamab in the CSF compared with the plasma is listed as a percentage within the stacked bars
for patients with synchronous CSF and plasma collections. (B) Induction of T-cell activation by the CSF of glofitamab-treated patient samples, as assessed by CD25 and CD69
upregulation. Peripheral blood T cells from a healthy donor were incubated for 24 hours with patient-derived CSF or buffer control solution in the presence of the CD20" lymphoma
cell line, Raji, at a 5:1 effector/target ratio. T cells incubated with glofitamab (0.1 pg/mL) and Raji served as a positive control. ***P < .001. (C) T-cell cytotoxicity of CD20" lymphoma
cells induced by the CSF from glofitamab-treated patients. Peripheral blood T cells from a healthy donor were incubated for 24 hours with patient-derived CSF or buffer control
solution in the presence of the CD20" lymphoma cell line, Raji, at a 5:1 effector/target ratio. The extent of cytotoxicity was assessed by live/dead flow cytometric staining and was
compared with conditions lacking T cells. Karpas-299, a CD20-negative lymphoma cell line, was used as a negative control. Raji incubated with T cells and glofitamab (0.1 pg/mL)
served as a positive control. ***P < .001. (D) Serial brain magnetic resonance imaging (MRI) scans from patient 1 with CNS lymphoma before (left panel), after 2 months (middle
panel), and after 4 months (right panel) of glofitamab monotherapy. Imaging shows a near-complete response to treatment with a significant decrease in size and contrast
enhancement within the CNS lesion (arrows) on T1-weighted postgadolinium contrast axial images. CxDx, cycle and day of glofitamab treatment; ns, not significant.

3 months revealed a decrease in the primary left temporal lobe
lesion from 45 x 44 to 31 x 27 mm. This patient exhibited
clinical improvement and remains on glofitamab beyond 7
cycles. However, because patient 3 received concomitant aca-
labrutinib, radiotherapy, and obinutuzumab, we are unable to
definitively assess the contribution of glofitamab to the patient’s
clinical response. Finally, patient 4 was refractory to treatment
with glofitamab, acalabrutinib, and radiotherapy after present-
ing with bulky and rapidly progressing CNS disease.

On the basis of these clinical and correlative data, we conclude
that glofitamab partially penetrates the BBB, and is capable of
safely inducing clinical and radiographic responses in patients
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with secondary CNS lymphoma. As the average CSF concen-
tration of glofitamab was only 0.1% to 0.4% of that in the
peripheral blood, these data indicate only low levels of glofita-
mab are needed in the CSF to elicit responses in CNS lym-
phoma. This is consistent with results from the CD20 monoclonal
antibody, rituximab, which has objective single-agent activity in
CNS lymphoma despite only 0.1% of the drug crossing the
BBB.'”"? Because preclinical data indicate CD20 BsAbs are
orders of magnitude more potent than rituximab,”*'* CD20
BsAbs may require significantly lower CSF concentrations to
induce responses in CNS lymphoma than rituximab, which may
importantly translate into superior clinical activity. Although
these preliminary results are encouraging, the safety and efficacy
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of CD20 BsAbs in SCNSL will need to be confirmed in dedicated
prospective clinical trials before these treatments are routinely
used in the clinic, as SCNSL patients are a vulnerable population
at risk for relevant side effects from treatment including poten-
tially serious neurologic toxicities. Additionally, as there is clearly
an exposure-response relationship for CD20 BsAbs in systemic
B-cell lymphomas,® future clinical trials exploring CD20 BsAbs in
CNS lymphoma should consider testing the safety and efficacy
of higher doses of BsAbs or administering BsAbs intrathecally to
increase CSF drug exposure and receptor occupancy, as has
been done with rituximab.'>"’

The sample collection/analysis study was approved by the City
of Hope institutional review board. Human specimens were
collected from patients registered at City of Hope National
Medical Center (COHNMC) who had consented to an institu-
tional review board (IRB)-approved protocol (IRB number
18067); healthy donor specimens were collected from partic-
ipants who consented to COH IRB number 06229. Patient
sample acquisition was approved by the IRB at the COHNMC,
in accordance with an assurance filed with and approved by
the Department of Health and Human Services and met all
requirements of the Declaration of Helsinki.
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