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Abstract: Intravascular large B cell lymphoma (IVL) is a rare subtype of diffuse large B cell lymphoma confined to small blood
vessels with a predilection for CNS involvement. The prognosis of IVL with CNS involvement (CNS-IVL) is extremely poor. The
optimal treatment for CNS-IVL is not well defined. Thus, we report three patients with CNS-IVL successfully treated with a CNS-
centric approach consisting of high-dose methotrexate (HDMTX) and high-dose Ara-C (HiDAC) based CNS-directed chemoimmu-
notherapy (CIT) alternating with anthracycline-based CIT. Our rationale for intensifying the CNS-directed therapy is the presence of
intracerebral bleeding in two of our patients which would result in extravasation of lymphoma cells into the cerebral parenchyma with
the development of CNS lymphoma. All three patients have achieved excellent therapeutic outcomes. Two patients with intracerebral
bleeding have been in complete remission (CR) for about 11 years and 4 years. One patient was successfully induced into CR about 10
months ago and currently is in CR. This unique therapeutic approach should be further explored for CNS-IVL.
Keywords: intravascular lymphoma, CNS involvement, CNS-directed chemoimmunotherapy, anthracycline-based
chemoimmunotherapy, high-dose methotrexate, high-dose Ara-C

Introduction
The World Health Organization (WHO) classification of hematopoietic tumors defines intravascular large B cell
lymphoma (IVL) as an extranodal diffuse large B cell lymphoma characterized by neoplastic lymphoid cells residing
within the lumen of small vessels, particularly capillaries.1–3 The precise mechanisms responsible for this behavior of
lodging and proliferation within vessels instead of forming a mass are largely unknown, but multiple studies have
suggested that IVL cells express molecules involved in cell migration and molecules that make them capable of adhesion
to the endothelium but lack those responsible for extravasation.4–13 The incidence of IVL is extremely rare, estimated at
0.095 per 1,000,000 per year in the United States.2,7 It can affect any organ in the body but most commonly involves the
central nervous system (CNS), with CNS involvement seen in 48% of all IVL cases.14,15 Due to the rarity of CNS-IVL,
data regarding its treatment regimen are currently lacking.

The optimal treatment for CNS-IVL is not established.7,15,16 Most patients with IVL with or without CNS involve-
ment are treated with anthracycline-based chemoimmunotherapy (CIT), frequently rituximab, cyclophosphamide, hydro-
xydoxorubicin, vincristine and prednisone (RCHOP), and without any CNS-directed therapy.15,17,18 In the European
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patients with IVL with both CNS and non-CNS involvements, RCHOP has resulted in 88% complete remission rate
(CRR), 91% overall response rate (ORR) and a 3-year overall survival (OS) in 81% of patients.17,18 In a larger
retrospective study based on reported IVL cases with CNS involvement in the literature, the 3-year survival rate was
16.5% in the CIT group vs 12.5% in the chemotherapy group.15 Only 11 of 88 patients with CNS-IVL received CNS-
penetrating agents.15 CNS-directed therapy consists of high-dose methotrexate (HDMTX) or intrathecal chemotherapy
and did not add survival benefit compared with patients who did not receive CNS-directed therapy.15 Regardless, CNS-
IVL cases are associated with poor prognosis with median OS of 240 days and 3-year survival rate of 4%.15 However, the
experience with CNS-directed therapy in management of IVL patients is limited and further investigation and clinical
experience are required.16

We present three cases of CNS-IVL treated with HDMTX and HiDAC-based CNS-directed CIT alternating with
anthracycline-based CIT. All three patients have achieved excellent therapeutic outcomes.

Case 1
A 64-year-old female with a distant history of left-sided breast cancer had a sudden onset of dysarthria, right-sided
numbness, and visual disturbances (Table 1). The initial computed tomography (CT) scan without contrast of the head
and subsequent brain magnetic resonance imaging (MRI) and angiogram (MRA) of the head, neck, and arm showed no
acute changes. Three weeks later, she was reevaluated with worsening altered mental status, persistent right-sided
numbness, and a new burning back pain with radicular symptoms radiating down both lower extremities. CT scan of
the head on the day of readmission showed intraparenchymal hemorrhage in the right parietal lobe measuring
7×13×20 mm with surrounding edema causing a mass effect and effacement of the adjacent parietal sulci (Figure 1A).
A day later, MRI of the brain showed an additional left-sided hemorrhagic focus in the precentral gyrus that was not seen
on the preceding CT scan (Figure 1B and C). A biopsy of the right parietal lobe showed CD20+ large cells inside the
blood vessels consistent with IVL (Figure 1). No evidence of perivascular parenchymal infiltration was seen. The bone
marrow aspirate and biopsy as well as the cerebrospinal fluid analysis were negative for IVL involvement. A spinal MRI
T2-weighted image (T2WI) showed linear enhancement dorsal to the conus medullaris suggesting leptomeningeal
involvement (Figure 1D). Lactate dehydrogenase (LDH) at the time of diagnosis was 725 U/L.

The patient was treated with rituximab + HDMTX + HiDAC (RMA) (odd cycles) alternating with RCHOP (even
cycles). RMA regimen consists of rituximab 375 mg/m2 IV (Day #1), HDMTX 3.5 g/m2 IV (Day #2), and HiDAC 2 g/
m2 q12H IV (Days #3 and #4). RCHOP regimen consists of rituximab 375 mg/m2 IV (Day #1), cyclophosphamide
750 mg/m2 IV (Day #1), hydroxydoxorubicin 50 mg/m2 IV (Day #1), vincristine 1.4 mg/m2 IV with maximal dose of
2 mg (Day #1), and prednisone 100 mg/m2 PO (Days #1–5). RMA and RCHOP were given in an alternating schedule
every three weeks for a total of eight cycles (four cycles each of RMA and RCHOP). No intrathecal chemotherapy or
radiation therapy was given. Her first cycle of treatment with RMA was complicated by hypotension and seizure during
rituximab infusion, which ultimately required intubation and intensive care unit (ICU) stay. She subsequently tolerated

Table 1 Patient Characteristics and Treatment Outcome

Case No. 1 2 3

Gender Female Female Female

Age (years) 64 55 50

Stroke type Hemorrhagic Hemorrhagic Ischemic
Disease localization CNS CNS, spleen CNS, lymph node

Treatment RMA x4 (odd cycles);

RCHOP x4 (even cycles)

RMA x4 (odd cycles);

RCHOP x4 (even cycles)

MATRIX x1, RMA x1, rituximab + HDMTX x1

(odd cycles); RCHOP x3 (even cycles)
Outcome CR CR CR

PFS (months) 132 47 10

Abbreviations: RMA, rituximab, methotrexate, and cytarabine; RCHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; MATRIX, rituximab,
methotrexate, cytarabine, and thiotepa; HDMTX, high dose methotrexate; CR, complete remission; PFS, progression-free survival.
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rituximab. She responded quickly with marked improvement in her mentation, motor, and cognitive functions. Complete
remission (CR) was confirmed by imaging scans after 8 cycles of CIT. Currently, she has been in CR for 11 years at the
time of writing. The only residual neurological symptom is numbness in the lower extremities.

Case 2
A 55-year-old female with sickle cell trait, hypertension, hyperlipidemia, rheumatoid arthritis and history of deep venous
thrombosis, and cerebrovascular event presented to an outside facility with altered mental status, left arm paralysis, and
left facial droop (Table 1). MRI of the brain showed multi-punctate ischemic infarctions within both cerebral hemi-
spheres. CT abdomen and pelvis showed splenomegaly with 15 cm cephalocaudal span. A month later, she was
diagnosed with left lower lobe pneumonia and Enterococcus faecalis urinary tract infection. In addition, she developed
significant thrombocytopenia and anemia and was treated with IV methylprednisolone without significant improvement.

The patient was transferred to our institution for further management. Her hospital course was characterized by
multiple episodes of major as well as minor strokes. On admission, hemoglobin was 7.8 g/dl with mean corpuscular
volume (MCV) 82.3 fL, white count 4.2×109/L with normal differential, platelet count was 85×109/L while she was on
4 mg dexamethasone daily. Peripheral blood smear was negative for schistocytes, fibrinogen was within normal limits,
and Coomb’s test was negative. LDH was elevated at 1073 U/L. MRI of the brain (Figure 2) showed multiple foci of T2
FLAIR hyperintensity within bilateral cerebral hemispheres and subcortical microscopic hemorrhagic foci. Cytology of
the cerebrospinal fluid (CSF) was negative for malignant cells. Splenectomy was performed for therapeutic and
diagnostic purposes to relieve patient’s abdominal pain and elucidate the underlying pathology. Pathologic findings in
the spleen were consistent with diffuse large B-cell lymphoma (DLBCL) with infiltrating neoplastic lymphocytes filling
the sinusoid and small vessels within the red pulp (Figure 2). The neoplastic lymphocytes were positive for CD79a,

Figure 1 (A) Axial non-contrast CTon readmission showing acute right parietal intraparenchymal hemorrhage (short white arrow) with mild surrounding edema. (B) Axial
T2-FLAIR MRI obtained the next day shows new abnormalities in the left hemisphere (short white arrows). (C) Associated intraparenchymal hemorrhages (short white
arrows) on the axial T2* GRE MRI. (D) Abnormal linear enhancement in the conus medullaris (arrowhead). The hematoxylin and eosin (H&E) stained section of brain biopsy
shows focal intravascular infiltrate of neoplastic large lymphocytes ((E) and (F), ×40); and they are positive for CD20 by immunohistochemistry study (IHC) ((G), ×40),
which confirms the B cell lineage of the lymphoma.
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CD20, BCL2, and MUM1 (focal and weak) with a high proliferative rate by Ki-67 (90%) (Figure 2); and were negative
for CD10, BCL6, MYC, TdT, and cyclin D1 by immunohistochemistry studies. Fluorescence in situ hybridization (FISH)
study was positive for BCL6 gene rearrangement but negative for MYC or BCL2 gene rearrangement. Based on the
finding of IVL in the spleen, she was thought to have CNS involvement by IVL resulting in multiple strokes. The patient
received weekly rituximab for 4 weeks while recovering from the surgery, followed by RMA alternating with RCHOP
for a total of 8 cycles as described for Case 1. CR was confirmed by imaging scans after 4 cycles of CIT. Patient was
clinically improved with normalization of her counts and no further strokes. She has been in CR for about 4 years at the
time of writing.

Case 3
A 50-year-old female with a history of systemic lupus nephritis who had a progressive neurological deterioration over
one year presented to an outside hospital with cognitive decline, personality changes, dysarthria, ataxia, visual hallucinations,
and two episodes of tonic/clonic seizure (Table 1). She was treated with steroids and immunosuppressants for suspected
lupus cerebritis and vasculitis. However, she continued to have progressive neurologic symptoms and was transferred to our
institution for further evaluation and management. During hospitalization, she was noted to have multiple episodes of
neurological manifestations consistent with strokes. MRI of the brain showed multiple foci of leptomeningeal enhancement
involving the supratentorial brain and the cerebellum (Figure 3). MRA of the brain showed multifocal mild narrowing of
both anterior and posterior circulation arteries, even though there was no significant vessel wall enhancement to suggest
vasculitis (Figure 3). Cytology of the CSF was negative for malignant cells. Repeat MRI of the brain a day later showed
persistent abnormal leptomeningeal enhancement and nonspecific T2 hyperintense areas. Whole body positron emission
tomography–computed tomography (PET-CT) scan showed multi-station hypermetabolic lymphadenopathy. Stereotactic
biopsy of left temporal lobe lesion showed findings consistent with intravascular large B-cell lymphoma. Intravascular

Figure 2 (A) Multiple small subcortical infarcts (short white arrows) on axial DWI MRI at the outside facility. (B) Recurrent small subcortical infarcts (short white arrows) 7
months later on axial DWI MRI. (C) Associated subcortical microhemorrhages (arrowheads) on axial susceptibility-weighted MRI. (D) MR angiography showing focal
narrowings in intracranial arteries (arrowheads). The H&E section of spleen demonstrated neoplastic large atypical lymphocytes (black long arrow) filling the sinusoid and
small vessels in the red pulp ((E), ×40). Immunostains show the neoplastic lymphocytes positive for CD20 (black long arrow) with a high proliferative rate by Ki-67 (90%)
((F), ×40). The clusters of large lymphocytes within the sinusoid (black long arrow) are highlighted by immunostain of CD20 and ki-67 ((G), ×40).
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malignant cells were identified with associated micro-infarctions. Lymphoma cells were positive for CD19 and negative for
programmed death-ligand 1 (PDL-1) (Figure 3). No evidence of perivascular parenchymal infiltration was seen. As
lymphadenopathy is uncommon in IVL, the patient may have nodal DLBCL with intravascular involvement in the brain.
LDH at the time of diagnosis was 353 U/L. The patient was initiated on treatment with rituximab, HDMTX, HiDAC, and
thiotepa (MATRIX) to alternate with RCHOP. MATRIX regimen consists of rituximab 375 mg/m2 IV (Day #1), HDMTX
3.5 g/m2 IV (Day #2), HiDAC 2 g/m2 q12H IV (Days #3 and #4) and thiotepa 30 mg/m2 IV (Day #5). No intrathecal
chemotherapy or radiation therapy was given. Due to severe cytopenias, her treatment was modified. Her whole treatment
consisted of three cycles of CNS-centric regimen (one cycle each of MATRIX, RMA, and rituximab + HDMTX) alternating
with three cycles of RCHOP. After six cycles of CIT, she had an additional treatment with 8 weeks of rituximab. She
achieved CR after three cycles of CIT based on imaging scans. She has been in CR for 10 months at the time of writing. She
is currently doing well with no significant neurological deficits.

Discussion
We report three cases of IVL with CNS involvement successfully treated with a unique treatment protocol consisting of
HDMTX and HiDAC-based CNS-directed CIT alternating with standard RCHOP CIT. The first case had multifocal CNS
involvement with lesions in the brain as well as the conus medullaris without evidence of involvement outside the CNS.

Figure 3 (A) Axial contrast-enhanced T1-weighted MRI showing multifocal subcortical perivascular intraparenchymal enhancement (short white arrows) and leptome-
ningeal enhancement (arrowheads). (B) Small cortical and subcortical infarcts corresponding to the distribution of perivascular enhancement (short white arrows). (C) MR
angiography showing focal narrowing of several intracranial arteries (arrowheads). The H&E section of brain biopsy shows focal intravascular infiltrate of neoplastic large
lymphocytes ((D), ×40); and they are positive for CD19 ((E), ×40).
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As such, the diagnosis was primary CNS-IVL. The other two cases had both CNS and non-CNS involvement and can be
labeled as secondary CNS-IVL. In agreement with stroke-like symptoms being the most frequent manifestation of CNS-
IVL,15 all three patients presented with multifocal stroke not confined to any major cerebral arterial distribution with the
first and second cases having hemorrhagic strokes.19–22 The clinical implication is that IVL lymphoma cells could escape
into the brain parenchyma in these bleeding sites resulting in establishment of CNS parenchymal lymphoma. This
provides rationale to using CNS-directed CIT in treatment of CNS-IVL.

Our therapeutic approach is unique in that we alternate HDMTX and HiDAC-based CNS-directed CIT with non-
CNS-directed RCHOP to target lymphoma cells inside the CNS blood vessels as well as those already in the CNS
parenchyma. We adapted this approach from therapies for primary central nervous system lymphoma (PCNSL).
HDMTX and HiDAC-based CIT has shown significant therapeutic activity in PCNSL.23 Therapeutic agents in the
CHOP chemotherapy have poor CNS penetration and have not shown survival benefit in PCNSL,24 and therefore
RCHOP alone will not have any significant impact on the lymphoma cells in the CNS parenchyma. Addition of
rituximab to CHOP chemotherapy has resulted in significant survival improvement in survival of IVL patients, with
3-year overall survival of 81% (n = 34) compared with 35% (n = 22) in the pre-rituximab era.25,26 This is likely due
to improved therapeutic activity against lymphoma cells inside the blood vessels. Most CNS-directed therapy for IVL
in the literature consists of HDMTX or intrathecal chemotherapy. Our approach is unique in that CNS-directed
therapy is intensified by including additional CNS-penetrating agents. Based on our literature search, we have found
a recently published retrospective study27 that reported similar CNS-directed regimen for IVL with hyper-fractionated
cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating rituximab with high-dose MTX (1.0 g/m2

on day 1) /cytarabine (3 g/m2 twice a day on days 3–4) in one out of the 16 reported patients who received CNS-
directed therapies. Only four out of the 16 patients had CNS-IVL.27 In addition, rituximab + HDMTX-based CIT has
been used for treatment of IVL with CNS involvement.28–31 For IVL without CNS involvement, RCHOP with
HDMTX for CNS prophylaxis has been used.32,33

For all three patients, we initiated treatment with CNS-directed CIT to achieve impact on lymphoma cells in the
vascular compartment as well as those in CNS parenchyma. The first two cases received four cycles of RMA for CNS-
directed therapy and four cycles of RCHOP in alternating fashion. The third case was initiated on MATRIX regimen
due to her rapidly deteriorating neurological condition (Table 1). Although her neurological condition improved
significantly after MATRIX, she developed severe cytopenia requiring modifications of treatment. MATRIX regimen
is essentially an addition of thiotepa to RMA. In a phase 2 randomized trial on newly diagnosed PCNSL (International
extranodal lymphoma study group 32 trial), MATRIX was shown to have significantly higher complete response than
RMA, 49% vs 30%. However, no significant improvement was seen for progression-free survival or overall survival.23

There has been no extensive experience on the use of MATRIX for CNS-IVL. Based on higher incidence of toxicity
with MATRIX, we would prefer using RMA in the future. Moreover, intrathecal (IT) chemotherapy and whole brain
radiation (WBR) have been used in treatment of CNS lymphoma. However, their role in management of CNS-IVL is
not clear. Due to intravascular lymphoma cells being outside the blood–brain barrier, it is not likely for IT chemother-
apy to have any impact. As for the possible extravascular involvement by CNS-IVL, IT chemotherapy will not be ideal
as CNS involvement by IVL is predominantly intracerebral. As for WBR, the median age at diagnosis of IVL is in the
sixth and seventh decades.25,26,34 Because of the high risk of neurotoxicity in elderly patients, WBR is not a good
option.

In conclusion, our CNS-centric approach to management of CNS-IVL is associated with excellent therapeutic
outcome. All three patients have achieved excellent survival outcomes from the treatment with CR for about 11 years,
4 years, and 10 months. The combination of HDMTX and HiDAC-based CNS-directed CIT with anthracycline-based
systemic CIT produces long-term survival for patients with this rare and aggressive disease. We propose that intracer-
ebral bleeding provides a mechanistic basis for extravasation of lymphoma cells into the CNS parenchyma in CNS-IVL.
Therefore, we suggest that CNS-directed therapy should be included in management of CNS-IVL. Further research is
necessary to determine the optimal treatment for CNS-IVL.
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Written informed consents have been provided by all patients to have the case details and any accompanying images
published. Institutional approval was not required to publish the case details.
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