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lymphoma cases diagnosed in Quebec
A retrospective study of 29 case reports
Vanessa Brunet, MDa,∗, Sofia Marouan, MDb, Jean-Pierre Routy, MDc, Mohamed Amin Hashem, MDd,
Vincent Bernier, MDd, Raynald Simard, MDe, Tony Petrella, MDf, Louis Lamarre, MDg, Gilles Théorêt, MDh,
Christian Carrier, MDi, Hans Knecht, MDc, Isabelle Fleury, MDj, Michel Pavic, MDa

Abstract
Introduction: Intravascular large B-cell lymphoma (IVL) is an extremely rare malignancy, mainly studied through European and
Asian series. Due to the low incidence of this condition, our understanding of the clinical presentation as well as the management of
IVL relies on a limited number of patients.
We report the largest North American study to date on IVL with 29 cases from Quebec hospital diagnosed between 1990 and

2016. The aim of our study is to describe the clinical presentations, diagnostic and staging procedures, therapeutic management and
clinical outcomes of IVL patients in our population and compare the disease phenotype to European and Asian series reported.
In our cohort, all patients had stage IV IVL at diagnosis, with a median age of 66.7 years (range 47.2–90.8). Clinical presentation

was characterized by constitutional symptoms (100%), poor ECOG-PS (100% ≥ 2), cytopenias (93% anemia), and elevated lactate
dehydrogenase (97%) and C-reactive protein (96%). Our cohort presented with mainly cutaneous and neurological symptoms.
However, neurological involvement (75.9%) was predominant and no “cutaneous variant” was observed; this differs from European
literature, where “classical” IVL is reported with mainly cutaneous involvement. Two of our Caucasian patients presented “Asian
variant” IVL; this observation is not unusual, as cases of “classical” IVL have been reported in Asians and “Asian variant” IVL has been
reported in Europeans. All patients were classified according to their immunophenotypic features in 3 different subgroups (CD5+ or
CD5�CD10+, CD5�CD10�, CD5+CD10�) with no difference in outcome. Finally, 62% of our cohort received anthracycline-based
chemotherapy and 53% of them achieved a complete response. After a median follow-up of 328 days, OS at 3 years was 42.7% for
the entire cohort and 47.4% for the cases with in vivo diagnosis.

Conclusion:Unlike European studies on “classical” IVL, our study showed that the French Canadian presentation of this subtype
of IVL is more frequently observed with neurological rather than cutaneous involvement. Finally, an early diagnosis is of primary
importance since almost a quarter of patients receive a post-mortem diagnosis. A prompt diagnosis allows the introduction of an
early treatment, associated with a CR in 53% of patients.

Abbreviations: 18FDG-PET/CT = 18FDG-positron emission tomography/computerized tomography, ANA = anti-nuclear
antibody, anti-DNA = anti-DNA antibody, ARDS = acute respiratory distress syndrome, BM = bone marrow, CHOP =
[cyclophosphamide, hydroxyadriamycine, oncovin, prednisone], CI = confidence interval, CNS = central nervous system, CR =
complete response, CRP = C-reactive protein, CSF = cerebrospinal fluid, CT = computed tomography, DIC = disseminated
intravascular coagulation, DLBCL= diffuse large B-cell lymphoma, EBV= Epstein–Barr virus, ECOG= eastern cooperative oncology
group, EFS = event-free survival, ESHAP = [etoposide, methylprednisone, cytarabine, cisplatin], ESR = erythrocyte sedimentation
rate, HDMTCX = high-dose methotrexate, HSCT = hematopoietic stem-cell transplantation, IPI = international prognostic index,
ITMTX = intrathecal methotrexate, IVL = intravascular large B-cell lymphoma, LDH = lactate dehydrogenase, LP = lumbar puncture,
MODS = multiple organ dysfunction syndrome, MRI = magnetic resonance imaging, NHL = non-Hodgkin lymphoma, OS = overall
survival, PAH = pulmonary arterial hypertension, PR = partial response, PS = performance status, R-CHOP = [rituxan,
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cyclphosphamide, hydroxyadriamycine, oncovin, prednisone], RF = rheumatoid factor, R-GEMOX = [rituxan, gemcitabine,
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oxaliplatin], R-ICE = [rituxan, ifosfamide, etoposide, carboplatin], TIA = transitory ischemic attack, TTE = transthoracic
echocardiogram.

Keywords: Canada, case series, intravascular lymphoma, multicenter, North America
1. Introduction

Intravascular large B-cell lymphoma (IVL) is characterized by the
exclusive or predominant presence of lymphoma cells in the
lumina of small vessels. Even though T-cell phenotype has been
reported, IVL has been recently classified by the World Health
Organization (WHO) Classification as a subtype of B-cell
lymphoma.[1–5]

IVL is considered an aggressive, disseminated, and usually fatal
malignancy that affects older individuals. Its initial clinical
presentation varies according to geography. “Classical” IVL,
mainly reported in Europe, is characterized by cutaneous and/or
neurological involvement. “Asian variant” IVL, mainly reported
in Asia, is characterized by hemophagocytic syndrome, bone
marrow (BM) involvement, fever, hepatosplenomegaly, and/or
thrombocytopenia.[6–8] These various clinical presentations
contribute to delay in diagnosis and treatment.
Intravascular large B-cell lymphoma has been mainly studied

through European and Asian series. Due to the low incidence of
this condition, our understanding of the clinical presentation as
well as the management of IVL rely on a limited number of
patients.[9–21] Given the absence of a large North American series
of IVL, we decided to perform a retrospective review of patients
treated in Quebec, Canada. The aim of our study was to depict
the different clinical presentations, the diagnosis and staging
procedures performed, the therapeutic management and the
clinical outcomes of IVL patients treated in Quebec, Canada.
Data collected were then compared to reported series from
Europe and Asia.
We retrieved 29 cases of IVL which corresponds, to the best of

our knowledge, to the largest series reported in North America.
2. Patients and methods

2.1. Our case series

We performed a retrospective study in collaboration with
Hematology-Oncology centers in Quebec. We included adults
who were diagnosed with IVL in the province of Québec between
1990 and 2016. Data were collected by a single author (VB). Files
of patients with the specific diagnostic code for IVL were
obtained from each participating medical center archives and
reviewed. Files of patients with diagnostic codes of “unspecified
lymphoma” or “lymphoma (without any specification)” were
reviewed as well to find IVL cases. The research was conducted
after approvals from scientific and ethics committees (Comité
d’éthique de la recherche en santé chez l’humain).
The following information was collected: demographic

information, bioclinical features at diagnosis, diagnosis and
staging procedures, definitive pathology report, first-line therapy,
and clinical outcomes. Biological data included complete
blood count, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), lactate dehydrogenase (LDH), BM analysis, and
cerebrospinal fluid (CSF) analysis. Imaging reports from
computed-tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography/computerized tomog-
raphy (18FDG-PET/CT) were collected.
2

Staging of IVL was done according to the Ann Arbor
classification. CNS was considered involved if a patient presented
with neurological symptoms supported by spinal tap analysis or
CNS imaging.[14]

Response assessment was performed according to the revised
RECIST guideline (version 1.1) as complete response (CR),
partial response (PR) (including stabilization), or no response
(including progression). The RECIST guideline is not routinely
used to monitor patients with IVL because this disease is
difficultly evaluated by imaging. However, we used this guideline
to evaluate the course of the disease since these criteria were used
by our patients’ clinicians. CR was defined as the disappearance
of clinical, biological, and imaging findings. PRwas defined as the
persistence of clinical, biological, and imaging findings despite an
improvement, and no response was defined as the absence of
response or as the progression of the disease. However, none of
our patients had flow cytometry on cerebrospinal fluid (CSF).

2.2. Literature review of case series

We searched PubMed andMedline databases using the following
terms: “intravascular lymphoma,” “intravascular lymphomato-
sis,” “angio-endotheliotropic lymphoma,” “angiotropic large
cell lymphoma,” and “angioendotheliomatosis proliferans
systemica” and restricted to English and French articles only.
No prospective studies were retrieved. Reports with clinical,
radiological, and histological data were included.

2.3. Statistical analysis

Descriptive statistics included the median values for continuous
variables, and the percentages for categorical variables. Kruskal–-
Wallis test was used to compare continuous data, while Fischer
exact test was used to compare frequency data between the 3
subgroups.[22,23] Our subgroups were based on immunopheno-
typic features, as reported in the literature (CD5+ or CD5�CD10+;
CD5�CD10�; CD5+CD10�).[6,12,24–28] Duration of follow-up
was calculated from the beginning of symptoms to last clinical
follow-up or death from any cause. Overall survival (OS) was
calculated from the time of IVLdiagnosis to last follow-upor death
from any cause. Event-free survival (EFS) was calculated from the
time of IVL treatment to relapse, progression, last follow-up, or
death from any cause. Patient survival data was analyzed using
Kaplan–Meier method and comparison analysis of OS and EFS
between the 3 subgroups was done using log-rank test.[29,30] All
data were analyzed with statistical software (SPSS-version 20) and
the value of significance for P was prospectively set at 0.05.

3. Results

Twenty-nine patients were identified: 26 were Caucasian and
3 were Asian. A total of 4020 medical files were reviewed and
71 cases were falsely coded as IVL.

3.1. Clinical presentation and imaging

The median age was 66.7 years (range 47.2–90.8), with a M:F
ratio of 1.23.
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One case of IVL was associated with a previous malignancy
(diffuse large B-cell lymphoma diagnosed 4 years prior IVL);
when IVL diagnosis was made, this patient had achieved
complete remission of his previous malignancy. Another case
was associated with an Evans syndrome treated with long-term
corticosteroid therapy plus splenectomy and another case
occurred 10 years after liver transplant.
Patients presented with nonspecific symptoms, a significant

deterioration in general status (ECOG-PS ≥2 in 100% of
patients), fever (75%), and weight loss (69) (Table 1). All patients
had stage IV-B IVL and 7 patients had lymph node enlargement.
Neurological signs and symptoms were present in 22 (75.9%)

patients at diagnosis (Table 1). Neurological symptoms were
heterogeneous, including confusion (48), weakness (38%),
balance disorder (35%), memory loss (31%), headache (21%),
convulsion (21%), paresis (21%), psychomotor disorders (17%),
altered level of consciousness (14%), dysarthria (14%), pares-
thesia (14%), urinary/faecal incontinence (14%), cognitive
impairment (10%), aphasia (10%), hypoesthesia (10%), vertigo
Table 1

Clinical characteristics of patients in the entire series (n=29).

Phenotype Total CD5+ or CD5

No. of patients 29 1
Age at diagnosis, y
Median 66.7 88.8
Range 47.2–90.8 –

Older than 60 24 (82.8) 1 (100
Sex, male 16 (55.2) 1 (100
Performance status ≥ 2 29 (100) 1 (100
Serum LDH (≥250 UI/L) 28 (97) 1 (100
Stage IV 29 (100) 1 (100
IPI
Low 0 0
Low-intermediate 0 0
High-intermediate 0 0

High 29 (100) 1 (100
B symptoms present 29 (100) 1 (100
Hepatomegaly 4 (13.8) 0
Splenomegaly 13 (44.8) 0
Respiratory signs and symptoms 8 (27.6) 0
Neurologic signs and symptoms 22 (75.9) 1 (100
Skin lesions 5 (17.2) 1 (100
Hemophagocytosis in BM 2 (6.9) 0
Tumor cells in BM 8 (27.6) 0
Anemia (<12 g/dL) 27 (93.1) 1 (100
Leukopenia (<4 � 109/L) 18 (62.1) 1 (100
Thrombocytopenia (<150 � 109/l) 15 (51.7) 0
Albumin level (<36 g/L) 23/28 (82.1) 0
Bilirubin level (≥15 umol/L) 9/28 (32.1) 0
Creatinine level (≥15 mg/L) 8 (27.6)† 0
ESR level (≥ 15 mm/h) 23/25 (92) 0
CRP level (≥50 mg/L) 24/25 (96) 1 (100
Ferritin (≥ 375 ug/L) 15/18 (83.3) 0
Anthracycline-based chemotherapy 18 (62.1) 0
Overall survival (days) 135‡ 135
Event-free survival at 3 yo (%) 64.2 –

x

Values before and after slash indicate numbers of positive and evaluable patients, respectively. In the absen
are italicized.
BM=bone marrow, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, IPI= international p
∗
Including CD5�CD10+ (n=0) and CD5+CD10+ (n=1) types.

† One case had chronic renal insufficiency.
‡ In the entire series (n=29).
x The patient did not receive chemotherapy.
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(7%), and muscle spasms (7%). Neurological symptoms were the
only presenting symptoms in 12 cases. Neuroimaging confirmed
CNS and/or spinal cord involvement in 12 of the 22 cases
Radiological findings were not specific and included multiple
hypodensities of the cerebral white matter (n = 10), cerebral
oedema (n = 3), abnormal intracerebral diffuse pseudonodular
signal suspicious for vasculitis or IVL localization (n = 3),
thickening of the pituitary stalk (n = 1), extensive hyperintense
dorsal intramedullary signal (n = 3) and conus medullaris edema
and demyelination (n=1). Among the 7 patients with no
neurological signs or symptoms, neuroimaging and lumbar
puncture (LP) were performed among 5 of them and did not
detect lymphoma (4 CNS imaging and 5 spinal tap).
Spinal tap analysis was performed in 22 patients, 17 of whom

had neurological signs or symptoms. An elevation in the
cerebrospinal fluid (CSF) protein (≥0.45g/L) and glucose
(≥4.5mmol/L) was observed in 11 and 5 cases, respectively. In
cases with neurological symptoms, these abnormalities were
observed in 9 and 2 patients, respectively. Five of the 17 cases
�CD10+
∗

CD5�CD10� CD5+CD10� P value

5 9 –

68.3 66 –

49.4–75.7 61.6–68.67
) 3 (60) 2 (22.2)
) 2 (40) 5 (55.6) 1.00
) 5 (100) 9 (100) –

) 5 (100) 8 (88.9) 1.00
) 5 (100) 9 (100) –

0 0 –

0 0 –

0 0 –

) 5 (100) 9 (100)
) 5 (100) 9 (100) –

1 (20) 3 (33.3) 1.00
2 (40) 7 (77.8) 0.16
2 (40) 3 (33.3) 1.00

) 3 (60) 6 (66.7) 1.00
) 0 0 0.07

0 2 (22.2) 0.57
1 (20) 4 (44.4) 0.72

) 4 (80) 9 (100) 0.40
) 2 (40) 5 (55.6) 0.63

1 (20) 7 (77.8) 0.05
4/4 (100) 6 (66.7) 0.18
1/4 (25) 6 (66.7) 0.27
2 (40) 2 (22.2) 0.69
3/4 (75) 7/7 (100) 0.06

) 3/4 (75) 7/7 (100) 0.42
1/2 (50) 6/7 (85.7) 0.18
2 (40) 9 (100) 0.01
10 – 0.20
50 62.2 0.68

ce of a slash, all patients are evaluable. Values in parentheses are percentages. P values less than 0.05

rognostic index, LDH= lactate dehydrogenase.
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Table 2

Diagnostic sites in the entire series (n=29).

Entire series n (%)

In vivo diagnostic sites (n=24)
∗

Skin 9 (38)
BM biopsy 5 (21)
Brain 4 (17)
Kidney 3 (12)
Duodenum 1 (4)
Liver 1 (4)
Retroperitoneal lymphadenopathy 1 (4)

Post-mortem diagnostic sites (n=5)
Brain 1 (20)
Lung/liver/kidney 1 (20)
Thyroid/spleen/bladder 1 (20)
All organs 2 (40)

BM=bone marrow.
∗
One of the cases received post-mortem diagnosis based on an in vivo BM biopsy.
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with CNS involvement who underwent a LP had cells in the CSF
suspected, but not confirmed, as malignant.
Five patients (17.2%) presented cutaneous lesions at diagnosis

(Table 1). All these patients presented with neurological
symptoms. Therefore, none of these had the “cutaneous variant”
reported with isolated cutaneous involvement. Cutaneous
manifestations were nonspecific: painful indurated erythema
(n=2), purplish plaques (n=2), painful nodules (n=2), annular
plaques (n=2), pruritus (n=2), angioectasias (n=1), panniculitis
(n=1), purpura (n=1), and petechiae (n=1). The lesions were
most commonly located on the legs, chest, and back.
Pulmonary features were present in 8 patients (27.6%), which

included dry cough (n=5), dyspnea (n=7), and acute respiratory
distress syndrome (ARDS) (n=1) (Table 1). Pulmonary imaging
showed pleural effusion (n=3), alveolar infiltration (n=2),
diffuse ground glass shadow (n=2), and ARDS (n=1). Among
patients with pulmonary symptoms, transthoracic echocardio-
gram (TTE) showed pulmonary arterial hypertension (PAH) in 1
case and diastolic dysfunction in 2 cases. The other patients had
no cardiopulmonary abnormalities.
Seven (24.1%) patients presented gastrointestinal symptoms,

including nausea/vomiting (n=3), abdominal pain (n=2),
abdominal mass (n=1), and icterus (n=1). Abdominal imaging
showed adrenal mass and/or adrenal hypermetabolism (n=6),
renal mass with hydronephrosis (n=1), duodenal mass (n=1),
abdominal panniculitis (n=1), hepatomegaly (n=4), and
splenomegaly (n=13) (Table 1).
3.2. Immunohistopathological features

Diagnoses were made in vivo in 23 patients (79.3%). Nine of
these were made via skin biopsy (39.1%), 4 via BM biopsy
(17.4%), 4 via cerebral biopsy (17.4%), 3 via renal biopsy
(13%), 1 via duodenal biopsy (4.3%), 1 via hepatic biopsy
(4.3%), and 1 via retroperitoneal lymphadenopathy biopsy
(4.3%). Among the 9 patients with skin biopsy, 4 were done in
patients with no cutaneous symptoms. Skin biopsies were from
thighs (56%), abdomen (33%), and abdomen plus thighs (11%).
Among the 6 patients with a post-mortem diagnosis, 1 had IVL
diagnosed based on a BM biopsy done in vivo (Table 2).
Biopsied tissue showed large lymphoid cells within vessel

lumina and all of them shared a B-cell immunophenotype (Fig. 1).
According to the pathological reports, 2 Caucasian cases (7.7%)
had “Asian variant” IVL and 2 cases (6.9%) presented a
concomitant minimal extravascular infiltration of neoplastic
lymphocytes. The percentage of extravascular cells was not
available. One of our cases (3.4%) presented a solid concomitant
neoplasia (renal clear cell carcinoma).
Immunophenotype analysis was available for 28 patients

(Table 3). CD20 was virtually expressed. The 3 IVL subgroups
(CD5+ or CD5�CD10+; CD5�CD10�; CD5+CD10�) were
analyzed for outcomes and no significant difference in OS and
EFS was observed (OS P=0.20; EFS P=0.68) (Table 1).
Figure 1. Pictures of a cutaneous biopsy of a large B-cell intravascular
lymphoma case. A, Hematoxylin and eosin stain: large, atypical lymphomatous
cells fill small blood vessels. B, Immunoperoxydase technique on paraffin
section: the large cells in the small vessels are CD20+.
3.3. Laboratory findings

Anemia (<12g/dL) was the most frequent cytopenia (93%),
followed by leucopenia (<4 109/L) (62%) and thrombocytope-
nia (<150 109/L) (52%). Among the 15 patients with
thrombocytopenia, 3 (20%) of them presented disseminated
intravascular coagulopathy (DIC) and 6 (40%) of them presented
bone marrow infiltration. Among these 6 cases, 2 presented with
hepatosplenomegaly and 2 had splenomegaly without hepatic
4

involvement. Serum lactate dehydrogenase (LDH) level was
elevated in 28 patients (97%). Elevation in ESR and CRP was
observed in 23 of 25 (92%) and 24 of 25 cases (96%),
respectively. Ferritin was also elevated in 15 of 18 patients (83%).
Altered hepatic, renal, or thyroid functional tests were observed
in 21 of 28 (75%), 8 of 29 (28%), and 1 of 21 (5%), respectively.



Table 3

Immunophenotypic features and EBV status of 29 cases with IVL.

Entire series CD5+ CD5�

No. of patients 29 13 5
CD20 28/28 (100) 13/13 (100) 5/5 (100)
CD10 1/18 (6) 1/10 (10) 0/5 (0)
CD3 12/22 (55) 7/11 (64) 2/5 (40)
MUM-1 17/18 (94) 12/12 (100) 4/5 (80)
Bcl-6 17/19 (89) 10/11 (91) 4/5 (80)
Bcl-2 16/19 (84) 9/11 (82) 5/5 (100)
High Ki-67 (>90%) 14/14 (10) 7/7 (100) 4/4 (100)
EBV 2/5 (40) 1/4 (25) –

HHV8 0/2 (0) 0/2 (0) –

Values before and after slash indicate numbers of positive and evaluable patients, respectively. In the
absence of a slash, all patients are evaluable. Values in parentheses are percentages.
EBV=Epstein–Barr virus.
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Among patients with abnormal liver function tests, 4 had hepatic
involvement confirmed via in vivo biopsy (n=1) or autopsy (n=
3). Infectious diseases were assessed in 18 patients and only 1 of
them had an infection (oropharyngeal candidiasis).
3.4. Differential diagnosis

Most frequent diagnoses proposed before IVL diagnoses were:
transitory ischemic attack (5 patients (17%)), sepsis (6 patients
(21%)), temporal arteritis (8 patients (28%)), vasculitis (11
patients (38%)), and non-Hodgkin lymphoma (14 patients
(48%)) (Table 4).
3.5. Treatments

Before IVL diagnosis was made, 22 patients received empiric
treatment: corticosteroids (n=18), antibiotics (n=15), and blood
transfusion (n=11).
Among the 29 patients, 11 did not receive chemotherapy and

were treated exclusively with palliative intent. Eighteen cases
received first-line chemotherapy: either R-CHOP [rituxan,
cyclophosphamide, hydroxyadriamycine, oncovin, prednisone]
Table 4

Differential diagnosis in the entire series (n=29).

Differential diagnosis Entire series n (%)

NHL 14 (48) Constitutional symptoms with ab
Vasculitis 11 (38) Constitutional symptoms with cut
Temporal arteritis 8 (28) Fever with deterioration in functio
Sepsis 6 (21) Fever and shock (n=2)

Fever and DIC (n=2)
Fever, tachycardia and rapidly pr

TIA 5 (17) Neurological symptoms, mainly h
Neurological symptoms with abn

cerebral white matter (n=1)
Leukemia 4 (14) Neurological symptoms with cere

Constitutional symptoms with ab
Sarcoidosis 3 (10) Neurological symptoms with thick

Neurological symptoms with mul
intramedullary signal (n=1)

Constitutional symptoms with ren
Multiple sclerosis 2 (7) Neurological symptoms and cere

hyperintense dorsal intramedu
Neurological symptoms with abn

Values in parentheses are percentages.
DIC=disseminated intravascular coagulation, NHL=non-Hodgkin lymphoma, TIA= transitory ischemic a
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(n=17) or CHOP regimen (n=1). One of the patients treated
with R-CHOP received ESHAP regimen [etoposide, methyl-
prednisone, cytarabine, cisplatin] as a second-line chemotherapy,
R-ICE regimen [rituxan, ifosfamide, etoposide, carboplatin] and
R-GEMOX regimen [rituxan, gemcitabine, oxaliplatin] as third
and fourth-line chemotherapy, respectively.
Ten of the 18 patients treated with chemotherapy received a

therapy targeting the central nervous system (CNS): 6 received
intrathecal methotrexate (ITMTX) and 4 received high-dose
methotrexate (HDMTX). HDMTX was defined as MTX dose
between 1 and 3g/m2.
None of the patients received hematopoietic stem cell

transplantation (HSCT).
3.6. Outcomes

At the time of analysis, 15 patients completed first-line therapy.
We observed 8 (53%) complete remission (CR), 3 (20%) partial
remission (PR), and 4 stable or progressive disease.
With a median follow-up of 328 days (CI 181–474), OS at

3 years was 42.7% and 47.4% for the entire cohort and for the
cases with in vivo diagnosis, respectively. Twelve patients were
alive at the time of collecting data: 8 with CR, 1 with PR, and 3
receiving first-line chemotherapy (Table 5). EFS at 3 years was
64.2% (Fig. 2).

4. Discussion

This comprehensive review on the clinical presentation and
management of IVL represents the largest series of IVL in North
America to our knowledge.
We present a high prevalence of diagnosis made in vivo (79%),

possibly reflecting a better recognition of this condition, as seen in
recent literature.[9–13]

Our study depicts IVL as the aggressive condition already
reported.[9–12,14] Clinical presentation is heterogeneous, ranging
from unspecified symptoms to rapidly progressive manifestations
of multiple organ dysfunction syndrome (MODS). Constitutional
and nonspecific symptoms were present in all our cases
Type of disease

normal blood count± lymphadenopathy, splenomegaly or tumor at imaging (n=14)
aneous, muscular or neurological symptoms (n=11)
nal status (n=8)

ogressive confusion (n=2)
eadaches (n=1)
ormal intracerebral diffuse pseudonodular signal and multiple hypodensities of the

bral oedema and multiple hypodensities of the cerebral white matter (n=3)
normal blood count (n=4)
ening of the pituitary stalk (n=1)
tiple hypodensities of the cerebral white matter plus extensive hyperintense dorsal

al mass and lymphadenopathies (n=1)
bral oedema, abnormal intracerebral diffuse pseudonodular signal plus extensive
llary signal (n=1)
ormal intracerebral diffuse pseudonodular signal (n=1)

ttack.
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Table 5

Causes of death in the entire series (n=17).

Entire series n (%)

Deterioration in functional status and/or
progression of pancytopenia

6 (35)

Progression of neurological involvement 4 (23)
ARDS 1 (6)
DIC 1 (6)
MODS 1 (6)
Shock
Multifactorial 2 (12)
Septic 1 (6)

GI obstruction 1 (6)

Values in parentheses are percentages.
ARDS= acute respiratory distress syndrome, DIC=disseminated intravascular coagulation, GI=
gastrointestinal, MODS=multiple organ dysfunction syndrome.
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contributing to the typical delay in diagnosis associated with
IVL.[9–12,14]

Our series mainly report classical form of IVL with
neurological and skin involvement and rare hemophagocytosis
(7%).[9,10] Unlike European case series, none of our cases had the
“cutaneous variant” of IVL.[9,10,31] This trend is also seen in
Canadian literature, where most of the IVL case reports describe
neurological involvement as the main clinical presentation
instead of cutaneous symptoms and the “cutaneous variant”
of IVL.[18–21] This leads us to believe that the French Canadian
Figure 2. A, Overall survival (OS) curve for the entire case series (n=29). B, OS c
patients treated with chemotherapy (n=15).
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“classical” IVL, more focused on neurological abnormalities,
may be different from the one seen in Europe. Neurological
symptoms, which were the dominant features, were heteroge-
neous and were the unique presenting symptoms in 12 of our
cases. Neuroimaging did not detect brain lesions in 45% of the
patients with neurological symptoms and none of our cases
without neurological symptoms had a positive neuroimaging.
Thus, prompt CNS imaging in patients with CNS symptoms is
recommended.[18–21,32–34] Seventeen cases with neurological
complaints had a lumbar puncture and, among them, elevation
in CSF protein and glucose were seen in 53% and 12%,
respectively. Flow cytometry offers a higher sensitivity to detect
lymphoma infiltration and could facilitate CNS staging. Further
analysis is warranted to better understand the role of flow
cytometry in IVL.
Regarding previous studies, bone marrow is usually spared in

“classical” IVL.[16,35] However, bone marrow involvement was
noted in 28% of our cohort (n=8), which is similar to recent
European case series.[9,10] Among the 5 patients who presented
only persistent constitutional symptoms and had diagnosis based
on BM biopsy, the bone marrow was the only detectable site of
disease in 4 of them (80%). According to these findings, bone
marrow biopsy should be done in IVL cases for diagnosis and
staging.[9,10] Moreover, similarly to the reported observations in
recent studies on minimal extravascular infiltration in IVL,
we observed extravascular involvement in 7% of our
cohort.[10,36–38]
urve for patients with in vivo diagnosis (n=23). C, Event-free survival (EFS) for
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Initial presentation of IVL seems to differ between non-Asian
and Asian countries. “Classical” IVL, mainly reported in Europe,
is characterized by cutaneous and/or neurological involvement
while “Asian variant” IVL, mainly reported in Asia, is
characterized by hemophagocytic syndrome, BM involvement,
fever, hepatosplenomegaly, and/or thrombocytopenia. In our
cohort, 2 Caucasian patients (7.7%) presented “Asian variant”
IVL; this observation is not unusual, as cases of “classical” IVL
have been reported in Asians and “Asian variant” IVL has been
reported in Europeans and Africans.[3,39–44] This leads us to
believe that IVL nomenclature should use “classical IVL” and
“IVL associated with hemophagocytic syndrome,” instead of
“European IVL” and “Asian variant” IVL.
Considering our case series, patients with a diagnosis of IVL

should be considered as having an advanced stage disease at
initial presentation and should be treated promptly with an
intensive combined chemotherapy. Anthracycline-based chemo-
therapy should be used in patients with IVL to improve
outcomes.[10,12,14,28,38,45–51] In our case series, all 18 patients
treated with chemotherapy received an anthracycline-based
treatment as first-line regimen and 53% of them achieved CR,
which is consistent with reported outcomes.[9,10,12,13] None of
the patient received high-dose therapy followed by autologous
stem cell transplant. OS at 3 years was 42.7% for the entire
cohort and the EFS at 3 years was 64.2%which is consistent with
other reported series.
Although our conclusions are based on a significant number of

cases, they should be interpreted with caution. First, this is a
retrospective, and not a prospective, multicenter series. Second,
some patient data was missing. Third, there was no reexamina-
tion of the investigation results or of specialists’ conclusions.
Fourth, the definition of CNS involvement included arbitrary
aspects; in this study, all the patients with neurological symptoms
confirmed by either physical examination, laboratory findings, or
image findings were considered as having CNS involvement.
Finally, some cases were likely missed as not all Hematology-
Oncology centers from the province of Québec participated in
our study.
5. Conclusion

Unlike European studies on “classical” IVL, our study showed
that the French Canadian presentation of this subtype of IVL is
more frequently observed with neurological rather than cutane-
ous involvement. Since 2 of our Caucasian patients presented
“Asian variant” IVL and that the clinical presentations of IVL can
be seen elsewhere in the world, like in Canada, we suggest that the
IVL nomenclature should use “classical” IVL and “IVL
associated with hemophagocytic syndrome,” instead of “Euro-
pean” IVL and “Asian variant” IVL. Finally, an early diagnosis is
of primary importance since almost a quarter of patients receive a
post-mortem diagnosis. A prompt diagnosis allows the introduc-
tion of an early treatment, associated with a CR in 53% of
patients. This is considerable for a disease that was until recently
described as incurable.
Acknowledgments

The authors are grateful to Hervé Simard, MD (CIUSSS
Saguenay-Lac-Saint-Jean); Robert Hanel, MD (CIUSSS Estrie
—CHUS); Catherine Pradi, Susan Fox and Michel Samson, MD
(CISSSMontérégie-Centre); CISSS Outaouais; Centre régional de
santé et de services sociaux de la Baie-James; CISSS Gaspésie;
7

CISSS des Îles; CISSS Chaudière-Appalaches; CISSS Abitibi-
Témiscamingue; CIUSSSNord-de-l’Île-de-Montréal; CISSSMon-
térégie-Est and CISSS Montérégie-Ouest for participating or
providing cases. The authors are also grateful to Catherine Allard
and Marie-Pierre Garant, MSc in biostatistics for statistical
review.
References

[1] Bhawan J. Angioendotheliomatosis proliferans systemisata: an angio-
tropic neoplasm of lymphoid origin. Semin Diagn Pathol 1987;4:18–27.

[2] Alhumidi A. Cutaneous Intravascular NK/T-cell lymphoma mimic
panniculitis clinically, case report and literature brief review. Diagn
Pathol 2015;10:107.

[3] Wang L, Chen S, Ma H, et al. Intravascular NK/T-cell lymphoma: a
report of five cases with cutaneous manifestation from China. J Cutan
Pathol 2015;42:610–7.

[4] Martinez-Escala ME, Guggina LM, Cotliar J, et al. Cutaneous
Involvement in a Case of Intravascular T-Cell Lymphoma With a gd
Phenotype. Am J Dermatopathol 2016;38:e27–9.

[5] Xie J, Zhou X, Zhang X, et al. Primary intravascular natural killer/T cell
lymphoma of the central nervous system. Leuk Lymphoma 2015;
56:1154–6.

[6] Shimazaki C, Inaba T, Nakagawa M. B-cell lymphoma-associated
hemophagocytic syndrome. Leuk Lymphoma 2000;38:121–30.

[7] Murase T, Nakamura S. An Asian variant of intravascular lymphoma-
tosis: an updated review of malignant histiocytosis-like B-cell lymphoma.
Leuk Lymphoma 1999;33:459–73.

[8] Majluf-Cruz A, Sosa-Camas R, Pérez-Ramírez O, et al. Hemophagocytic
syndrome associated with hematological neoplasias. Leuk Res 1998;
22:893–8.

[9] Ferreri AJM, Dognini GP, Campo E, et al. Variations in clinical
presentation, frequency of hemophagocytosis and clinical behavior of
intravascular lymphoma diagnosed in different geographical regions.
Haematologica 2007;92:486–92.

[10] Ferreri AJM, Campo E, Seymour JF, et al. Intravascular lymphoma:
clinical presentation, natural history, management and prognostic
factors in a series of 38 cases, with special emphasis on the “cutaneous
variant.”. Br J Haematol 2004;127:173–83.

[11] Imai H, Shimada K, Shimada S, et al. Comparative clinicopathological
study of primary CNS diffuse large B-cell lymphoma and intravascular
large B-cell lymphoma. Pathol Int 2009;59:431–7.

[12] Murase T, Yamaguchi M, Suzuki R, et al. Intravascular large B-cell
lymphoma (IVLBCL): a clinicopathologic study of 96 cases with special
reference to the immunophenotypic heterogeneity of CD5. Blood
2007;109:478–85.

[13] DiGiuseppe JA, Nelson WG, Seifter EJ, et al. Intravascular lymphoma-
tosis: a clinicopathologic study of 10 cases and assessment of response to
chemotherapy. J Clin Oncol Off J Am Soc Clin Oncol 1994;12:2573–9.

[14] Shimada K, Murase T, Matsue K, et al. Central nervous system
involvement in intravascular large B-cell lymphoma: a retrospective
analysis of 109 patients. Cancer Sci 2010;101:1480–6.

[15] Calamia KT,Miller A, Shuster EA, et al. Intravascular lymphomatosis. A
report of ten patients with central nervous system involvement and a
review of the disease process. Adv Exp Med Biol 1999;455:249–65.

[16] Demirer T, Dail DH, Aboulafia DM. Four varied cases of intravascular
lymphomatosis and a literature review. Cancer 1994;73:1738–45.

[17] Ko YH, Han JH, Go JH, et al. Intravascular lymphomatosis: a
clinicopathological study of two cases presenting as an interstitial lung
disease. Histopathology 1997;31:555–62.

[18] Abuzinadah A, Almalik Y, Shabani-Rad M-T, et al. Cauda equina
syndrome secondary to intravascular lymphoma. Neurol Clin Pract
2012;2:158–61.

[19] Savard M, Verreault S, Gould PV, et al. Intravascular lymphoma with
conus medullaris syndrome followed by encephalopathy. Can J Neurol
Sci J Can Sci Neurol 2008;35:366–71.

[20] Rizek P, Seitelbach M, Alturkustani M, et al. Sellar and parasellar
intravascular lymphoma mimicking pituitary apoplexy. J Neuro-
Ophthalmol Off J North Am Neuro-Ophthalmol Soc 2012;32:33–7.

[21] Muftah S, Xu Z, El GaddafiW, et al. Synchronous intravascular large B-
cell lymphoma within meningioma. Neuropathol Off J Jpn Soc
Neuropathol 2012;32:77–81.

[22] Chan Y, Walmsley RP. Learning and understanding the Kruskal-Wallis
one-way analysis-of-variance-by-ranks test for differences among three
or more independent groups. Phys Ther 1997;77:1755–62.

http://www.md-journal.com


[23] Fisher RA. Statistical Methods for Research Workers. 14th ed. revised [38] Stroup RM, Sheibani K, Moncada A, et al. Angiotropic (intravascular)

Brunet et al. Medicine (2017) 96:5 Medicine
and enlarged. Oliver and Boyd, Edinburgh:1970.
[24] Yegappan S, Coupland R, Arber DA, et al. Angiotropic lymphoma: an

immunophenotypically and clinically heterogeneous lymphoma. Mod
Pathol Off J U S Can Acad Pathol Inc 2001;14:1147–56.

[25] Kanda M, Suzumiya J, Ohshima K, et al. Intravascular large cell
lymphoma: clinicopathological, immuno-histochemical and molecular
genetic studies. Leuk Lymphoma 1999;34:569–80.

[26] Estalilla OC, Koo CH, Brynes RK, et al. Intravascular large B-cell
lymphoma. A report of five cases initially diagnosed by bone marrow
biopsy. Am J Clin Pathol 1999;112:248–55.

[27] Khalidi HS, Brynes RK, Browne P, et al. Intravascular large B-cell
lymphoma: the CD5 antigen is expressed by a subset of cases. Mod
Pathol Off J U S Can Acad Pathol Inc 1998;11:983–8.

[28] Murase T, Nakamura S, Kawauchi K, et al. An Asian variant of
intravascular large B-cell lymphoma: clinical, pathological and cyto-
genetic approaches to diffuse large B-cell lymphoma associated with
haemophagocytic syndrome. Br J Haematol 2000;111:826–34.

[29] Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Statist Assoc 1958;53:457–81.

[30] Mantel N. Evaluation of survival data and two new rank order statistics
arising in its consideration. Cancer Chemother Rep 1966;50:163–70.

[31] Wahie S, Dayala S, Husain A, et al. Cutaneous features of intravascular
lymphoma. Clin Exp Dermatol 2011;36:288–91.

[32] Liow K, Asmar P, Liow M, et al. Intravascular lymphomatosis:
contribution of cerebral MRI findings to diagnosis. J Neuroimaging
Off J Am Soc Neuroimaging 2000;10:116–8.

[33] Chapin JE, Davis LE, Kornfeld M, et al. Neurologic manifestations of
intravascular lymphomatosis. Acta Neurol Scand 1995;91:494–9.

[34] Colavolpe C, Ebbo M, Trousse D, et al. FDG-PET/CT is a pivotal
imaging modality to diagnose rare intravascular large B-cell lymphoma:
case report and review of literature. Hematol Oncol 2015;33:99–109.

[35] Glass J, Hochberg FH, Miller DC. Intravascular lymphomatosis. A
systemic disease with neurologic manifestations. Cancer 1993;71:
3156–64.

[36] Thomas CA, Guileyardo JM, Krause JR. An intravascular lymphoma
with extravascular tendencies. Proc Bayl UnivMed Cent 2014;27:341–3.

[37] Ansell J, Bhawan J, Cohen S, et al. Histiocytic lymphoma and malignant
angioendotheliomatosis: one disease or two? Cancer 1982;50:1506–12.
8

large cell lymphoma. A clinicopathologic study of seven cases with
unique clinical presentations. Cancer 1990;66:1781–8.

[39] Fung K-M, Chakrabarty JH, Kern WF, et al. Intravascular large B-cell
lymphoma with hemophagocytic syndrome (Asian variant) in a
Caucasian patient. Int J Clin Exp Pathol 2012;5:448–54.

[40] Geyer H, Karlin N, Palen B, et al. Asian-variant intravascular lymphoma
in the African race. Rare Tumors 2012;4:e10.

[41] Park J-H, Lee D-Y, Ko Y-H. Intravascular large B-cell lymphoma of the
cutaneous variant in Korea. J Dermatol 2011;38:160–3.

[42] Yin W, Li M, Gao Z, et al. Intravascular large B-cell lymphoma with
involvement of the abdominal subcutis: a case report and literature
review. Int J Hematol 2009;89:348–51.

[43] Kameoka Y, Takahashi N, Tagawa H, et al. A case of intravascular large
B-cell lymphoma of the cutaneous variant: the first case in Asia. Int J
Hematol 2010;91:146–8.

[44] Kong Y-Y, Dai B, ShengW-Q, et al. Intravascular large B-cell lymphoma
with cutaneous manifestations: a clinicopathologic, immunophenotypic
and molecular study of three cases. J Cutan Pathol 2009;36:865–70.

[45] Sawada T, Omuro Y, Kobayashi T, et al. Long-term complete remission
in a patient with intravascular large B-cell lymphoma with central
nervous system involvement. OncoTargets Ther 2014;7:2133–6.

[46] Fonkem E, Lok E, Robison D, et al. The natural history of intravascular
lymphomatosis. Cancer Med 2014;3:1010–24.

[47] Sekiguchi Y, Shimada A, Imai H, et al. Intravascular large B-cell
lymphoma with pontine involvement successfully treated with R-CHOP
therapy and intrathecal administration: a case report and review of
literature. Int J Clin Exp Pathol 2014;7:3363–9.

[48] Sukpanichnant S, Visuthisakchai S. Intravascular lymphomatosis: a
study of 20 cases in Thailand and a review of the literature. Clin
Lymphoma Myeloma 2006;6:319–28.

[49] Evert M, Lehringer-Polzin M, Möbius W, et al. Angiotropic large-cell
lymphoma presenting as pulmonary small vessel occlusive disease. Hum
Pathol 2000;31:879–82.

[50] Kuwabara H. Intravascular lymphomatosis presenting as bilateral
adrenal enlargement and insufficiency. Acta Cytol 1999;43:975–6.

[51] Ferreri AJM, Campo E, Ambrosetti A, et al. Anthracycline-based
chemotherapy as primary treatment for intravascular lymphoma. Ann
Oncol Off J Eur Soc Med Oncol ESMO 2004;15:1215–21.


	Retrospective study of intravascular large B-cell lymphoma cases diagnosed in Quebec
	Outline placeholder
	3 Results
	3.1 Clinical presentation and imaging
	3.3 Laboratory findings
	3.6 Outcomes

	4 Discussion
	Acknowledgments

	References


