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Introduction

Intravascular B cell lymphoma (IVBCL) is notoriously
difficult to diagnose as the clinical manifestations are
protean, and the patterns seen with routine labs and
imaging are non-specific [1]. Furthermore, the disease
follows an aggressive course and is often fatal within a
matter of weeks to months from symptom onset, unless
recognized and treated appropriately [2]. This has
historically meant that diagnosis was made at autopsy
for many patients. Over the past few decades, however,
scientific and clinical literature have slowly accumulated
to better characterize and raise clinical awareness of this
disease. In this paper, we will review the characteristics
that make this diagnosis challenging, and then discuss
new and emerging diagnostic avenues.

Biology & Classification of IVBCL

IVBCLis an aggressive extranodal large B-cell lymphoma,
characterized by the presence of malignant lymphocytes
exclusively in the lumen of small and occasionally medium
sized vessels [3]. While the pathophysiology of this disease
is not fully understood, the fulminant clinical course
(despite relatively low-volume disease) is likely a result
of microvascular ischemia in the affected organs due to
diffuse microvascular occlusion and dysfunction caused by
malignant lymphocytes [4]. This distinctive intravascular
tropism seems to derive both from the presence of
molecules that facilitate endothelial adhesion, and also
the absence of adequate levels of chemokine receptors

and metalloproteinases involved in extravasation and
parenchymal invasion [5].

It is a rare disease, with an incidence estimated at less
than 1 in 10 million in the United States [4]. Previously,
the disease was categorized into two variants, Western
and Asian, based on different disease characteristics
observed in case series from these regions [3,7-9]. The
Western phenotype was associated with cutaneous lesions,
more prominent neurologic symptoms and lower rates
of organomegaly and marrow involvement [3,7]. This
category also included a cutaneous variant, typically seen
in younger woman and associated with better clinical
outcomes. The Asian variant, described in case series mostly
from Japan, is characterized by hepatosplenomegaly,
thrombocytopenia, frequent bone marrow involvement
and sometimes hemophagocytosis [8] (Table 1).

However, the utility of these diagnostic categories has
been lessened by the facts that: [1] there is significant
clinical overlap between the two groups, and [2] the
classification arose from differences between case
series and not distinctions based on individual patient
characteristics within those series. Therefore, the most
recent WHO classification uses the clinical phenotypes of
classical, cutaneous, and hemophagocytosis-associated, as
opposed to regional/ethnic distinctions [10].

Within the classical and hemophagocytic variants,
constitutional symptoms including fever and rapid clinical
decline (progressive organ dysfunction, weakness, mental
status changes, etc.) are common and seen in more than
60% of patients [3,7,8,10]. Organ-specific symptoms vary
widely depending on sites of disease involvement. The
most frequently reported neurologic manifestations are
encephalopathy, stroke-like syndromes and seizures, but
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Table 1

Region Total# of Patients

Shimada, K. etal.

LDH = ULN {98%)
B Symptoms?® (83%}
lapan 109

LA e

Hemoglobin < 12 gfdL (66%)

LDH > ULN (86%)
Hemoglobin < 12 g/dL (63%)
B Symptoms* (55%)

Skin Lesions (39%)
Neurclogic Symptoms (34%)

Ferreri, Al etal. Europe 38

A T

1. B Symptoms? {100%)

Brunet, V. etal. Quebec 29

96%]-
4. Albumin< 36 g/L (82.1%)

*B symptoms included fever, chills, night sweats, weight loss, fatigue.

bskin eruption in 8% of patients. 7 of 16 patients with skin involvement found on random skin biopsy (RSB} alone.
“Any elevation in C-reactive Protein, Erythrocyte Sedimentation Rate, or Ferritin
9Eastern Cooperative Group Performance Status

lesions mapping to the spinal cord and even peripheral
nerves are also seen [7,11-15]. Involvement of the
vasculature of lungs, GI tract and endocrine organs
leads to their respective organ failure syndromes [4,7].
A variety of different cutaneous lesions are reported in
Western series. The most frequent findings are plaques
and macules, but cutaneous lesions can have wide-
ranging presentations, including nodules, telangiectasias
and peau d’orange. [7,16]. The hemophagocytic variant
presents with symptoms consistent with hemophagocytic
lymphohistiocytosis, including fever, hepatosplenomegaly
and cytopenias [8].

Treatment

The treatment for IVBCL is typically combination
chemoimmunotherapy including an anthracycline and
rituximab [17-21]. The most common combination
chemoimmunotherapy described in the medical literature
is R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone). Two of the largest published
retrospective series of patients treated with rituximab-
containing regimens from Japan and Europe showed
a 2-year overall survival (OS) of 66% and 3-year OS of
81%, respectively [20,21]. Median follow up time in these
cohorts were 17 and 23 months, respectively, in those
patients treated with rituximab-containing regimens.
Conversely, the 3-year OS reported in the North American
case series was only 42.7% in those that received similar
therapy at a median follow up of 10.8 months [11]. Much of
the variance in these survival estimates likely stems from

Regional Variation in Presenting Signs and Symptoms of Intravascular Lymphoma

Most Common Manifestations

Elevated Soluble IL-2R level (65%)

Hemophagocytosis in BM {60%)

2. Hemoglobin < 12 g/dL: (93.1%)
a. Inflammatory marker elevation {83.3-

Neurologic Symptoms {75.9%)

% ECOG* Performance Status > 1 % Skin Involvement %6 CNS Involvement

78 155 27

B1 o0 34

100 i7.2 759

difference in study methodology (i.e., how patients were
identified and selected for inclusion). However, as with the
overwhelming majority of B-cell lymphomas, the addition
of rituximab does appear to have improved outcomes
compared to historical controls [18,20,21].

Evaluation for CNS disease at diagnosis, including
magnetic resonance imaging (MRI) of the brain and CSF
analysis, is recommended given the high rates of CNS
involvement [3]. However, MRI findings can be absent or
non-specific, and CSF abnormalities are similarly variable
[11]. Thus, given the high rates of CNS relapse, CNS
prophylaxis with intrathecal chemotherapy or high dose
methotrexate has been routinely recommended regardless
of initial CNS diagnostic evaluation [20,21].

Given the high rates of both systemic and CNS relapse,
some clinicians have pursued high-dose therapy with
autologous stem cell transplant (HDT-ASCT) as either
an upfront strategy in first remission, or at relapse [22].
Given the paucity and retrospective nature of the data
for this approach, it is not possible to make any strong
recommendations as to the benefit and risk tradeoffs
for ASCT. However. HDT-ASCT is at least feasible in a
subset of patients and has been associated with long-term
remission. To our knowledge, there are no publications
on the use of novel immune therapies such as checkpoint
inhibitors and Chimeric Antigen Receptor T Cells (CAR-T)
in patients with IVBCL. In an evaluation of IVBCL cells
from the NIH archives, a subset was found to express PD-
L1[23].
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Although treatment outcomes appear to have improved
over time, some of this may be accounted for by earlier
diagnosis as well as improvements in supportive care.
Perhaps the greatest challenge to treatment is the
diagnostic delay, such that many patients have a poor
performance status (Eastern Cooperative Oncology
Group performance status >1 in 80-100% [7,8,11] and
significant organ dysfunction at the time of presentation
and diagnosis. Thus, rapid accurate diagnosis is the crucial
and rate-limiting step in the management of IVBCL [2].

A Formidable Diagnostic Challenge

Whereas diagnosis of cutaneous IVBCL may be made
relatively early with biopsy of the affected skin, a variety of
factors contribute to the difficulty of diagnosing classical
and hemophagocytic IVBCL. One significant contributor
is the non-specific clinical presentation. In the majority
(65%+) of non-cutaneous variant cases, patients present
with an inflammatory milieu of fever and constitutional
symptoms, accompanied by a variety of organ-specific
symptoms as detailed above [7,9]. These myriad symptoms
overlap with a variety of other syndromes, including
infections (particularly endocarditis, zoonoses, fungal
and mycobacterial), rheumatologic syndromes such as
vasculitis or connective tissue disease, and other neoplastic
diseases and paraneoplastic neurologic syndromes. There
are rarely particular signs or symptoms that can quickly
and reliably distinguish between these conditions, and
thus patients with IVBCL frequently undergo an extensive
workup.

Laboratory testing in this disease also frequently yields
indeterminate results. A high lactate dehydrogenase
(LDH) level appears to be fairly sensitive for the disease,
but is non-specific [24]. Anemia is the most common
hematologic abnormality [7], although thrombocytopenia
is seen with the hemophagocytic variant [8]. Even a finding
such as a myeloperoxidase-antineutrophilic cytoplasmic
autoantibody (MPO+ ANCA), which has a reported
specificity of up to 98% in the diagnosis of vasculitis,
cannot necessarily exclude the presence of an underlying
IVBCL [13,25].

Given thelack of tumor aggregate, cross-sectional imaging
is non-specific and can demonstrate organomegaly,
airspace opacities and pulmonary nodules, or a variety
of patterns on CNS imaging [11]. There is some evidence
to support the utility of 18F-FDG PET, which can show
patchy and diffusely increased uptake in the lungs,
bone and reticuloendothelial organs [26,27]. While
these patterns are non-specific, they can be suggestive.
PET imaging can also help rule out discrete masses
suggestive of an alternative diagnosis. While there is
no prospective validation of Lugano criteria for staging
or evaluating treatment response in IVBCL specifically,
decreased FDG uptake has been seen following treatment

with chemotherapy [26]. A simplified approach to end-
of-treatment response is reasonable given the lack of
validated Lugano criteria in this setting, and was used
by Shimada et al. in their retrospective analysis. This
approach classified post-treatment response as complete
response, progressive disease, or stable disease, and
utilized information obtained from 18F-FDG PET (with or
without concurrent CT). Complete response in this setting
is resolution of clinical symptoms, as well as imaging and
lab abnormalities. Progressive disease is either new disease
symptoms/lesions and/or progression in known lesions
or symptoms. Stable disease is categorized as neither
meeting criteria for progressive disease nor complete
response in this study [20]. Thus, obtaining 18F-FDG PET
(with or without concurrent CT) may be helpful with initial
diagnosis, and is prudent once diagnosis is confirmed as a
possible method of tracking response to therapy.

As a result of the protean presentations of IVBCL, a
frequent scenario with this disease is a patient presenting
with constitutional symptoms and a rapidly declining
clinical course, but without pathognomonic findings to
suggest the underlying diagnosis. Initial testing will be
consistent with a non-specific inflammatory process.
Depending on the capabilities of a given medical facility,
many of the diagnostic labs as part of the initial work-
up (i.e., fungal and atypical bacterial studies, extended
rheumatologic antibody testing, paraneoplastic antibody
panels from the CNS) may require days to weeks to be
resulted.

Biopsy

In this scenario, a diagnostic biopsy takes on particular
importance for the diagnosis of IVBCL and exclusion of
other malignant, inflammatory, or infectious etiologies.
Even if IVBCL is suspected, there are challenges to
identifying a biopsy site with acceptable safety and high
diagnosticyield. In IVBCL, peripheral blood flow cytometry
historically has had had a sensitivity less than 10% [1],
despite the fact that the disease is exclusively present in/
around blood vessels. Bone marrow involvement ranges
from 30-75% percent, with higher percentages reported
in Japanese cohorts [9]. Thus, while these two testing
modalities will likely be undertaken early in the course of
the workup, negative testing does not rule out the presence
of IVBCL.

IVBCL can theoretically be detected with the biopsy of
any affected organ with small blood vessels involvement
[9,16,28-30]. However, given the low tumor volume, false
negative biopsies are common, and the pathologist should
be notified about the suspicion for IVBCL to look for subtle
lymphocyte aggregates in the lumen of small vessels. The
malignant cells appear similar to other high-grade large B
cell lymphomas, with prominent nucleoli, scant cytoplasm,
and frequent mitotic figures. The immunophenotypic

] Clin Haematol. 2020
Volume 1, Issue 4

127



Brunner M, Zurbriggen L, Chang JE. Unmasking the Master of Disguise: Defining Advancements in Diagnosis of Intravascular

large B-cell Lymphoma. ] Clin Haematol. 2020; 1(4):125-131.

expression of malignant lymphocytes commonly includes
CD79a, CD19 and CD20, as well as Mum1 and Bcl-2 [31].
Recurrent cytogenetic abnormalities in chromosomes 1,
6q and 18 have been described in the largest karyotypic
analysis, which included a total of 29 patients [32].
Recurrent mutations in MYD88 and CD79A have been
described, and are further detailed in the Liquid Biopsy
section.

An additional practical challenge is that biopsy of
many potential sites (reticuloendothelial organs, lungs,
endocrine organs, kidney, brain) is intrinsically risky,
and particularly in patients who may already be medically
unstable or with pre-existing co-morbidities. The average
ageofpatientswithIVBCLisaround 60-70 years, where pre-
existing medical issues are common and increase the risk
of both complications and rapid clinical decline. Biopsy is
further complicated by factors such as thrombocytopenia,
respiratory failure and encephalopathy. Coagulopathy
or frank disseminated intravascular coagulation (DIC)
can occur during the clinical course of IVBCL with a
documented frequency as high as 25% of patients in one
of the larger cohorts studied [33,34]. Encephalopathy can
be a particularly challenging disease manifestation, as
it complicates the process of informed consent and may
necessitate the use of sedation or intubation for diagnostic
procedures, both of which can worsen the encephalopathy.
A final consideration is that the diagnostic ambiguity with
these cases often makes the risk/benefit calculation of a
biopsy more difficult to estimate.

Given all these difficulties with securing a diagnosis of
IVBCL in a deteriorating patient, we are in dire need of
alternative diagnostic avenues. Two particular techniques
may be of use in this regard: random biopsies of unaffected
skin, and so-called “liquid biopsies” that interrogate cell
free (and ideally) circulating tumor DNA.

Random Skin Biopsy

There are case reports of IVBCL diagnosis obtained via
biopsy of a visible skin lesion [28,35]. However, more
recent literature from Japan has claimed that random
skin biopsy (RSB) of apparently uninvolved skin can
be a relatively low-risk diagnostic tool. Matsue et al
[36], reviewed 114 cases in which RSB was performed to
evaluate for IVBCL. Thirty-three patients were eventually
diagnosed with IVBCL, 26 having a diagnosis established
with a single incisional biopsy, deep enough to include
subcutaneous fat. They calculated a sensitivity of 78%
with a specificity near 99% for IVBCL. That same group
published a research letter advocating specifically for
deep incisional biopsies, based on retrospective review of
their pathology specimens which demonstrated that 46%
of specimens had IVBCL present only in the vasculature
of subcutaneous fat, with no apparent involvement of the
dermis [37]. Another report notes that a random biopsy of

normal appearing, non-FDG avid skin was still diagnostic
for IVBCL [27].

There are some caveats to these data, however. This
series came from a single hospital system in Japan. It is
uncertain whether this approach would be as useful with a
different set of clinicians, with varying degrees of expertise
and training in performing deep incisional skin biopsy,
or with a different patient demographic. 29% of patients
in the cohort were eventually diagnosed with IVBCL,
suggesting that the clinical team may have been astutely
identifying patients with a higher-pretest probability
of IVBCL. Additionally, biopsy sensitivity for IVBCL at
other sites, such as bone marrow, has varied significantly
between studies performed in Western (~30%), Japanese
(~65%) and non-Japanese East Asian (~38%) cohorts [9].
In the Matsue study, 65% of the patients diagnosed with
IVBCL by skin biopsy also had detectable disease in the
bone marrow, and 80% with negative skin biopsies were
found to have marrow disease. Sensitivity of RSB may
similarly vary between different patient populations, and
there are no other comparable large case series of RSB,
particularly outside of Japan. The limited data available
from studies in the United States [38] and Quebec [11] are
insufficient to judge the sensitivity or specificity of RSB for
the diagnosis of IVBCL in these respective populations.
However, given the relatively low risk of RSB compared
to other biopsy sites, this may be a reasonable diagnostic
approach, particularly if a non-diagnostic bone marrow
biopsy has already been performed.

Liquid Biopsy: cfDNA/ctDNA Assessment

The development of next generation sequencing (NGS) has
spurred advances in the management of both hematologic
and solid organ malignancies [39-41]. Sequencing can
identify prognostic genetic variations and abnormalities,
and may be predictive of response to targeted therapies
(e.g., FLT3 inhibitors in acute myeloid leukemia (AML)
or epidermal growth factor receptor (EGFR) mutations in
non-small cell lung cancer). Cell-free DNA (¢cfDNA) is non-
encapsulated DNA released by damaged or dying cells (e.g.,
during apoptosis) that can be detected in the peripheral
blood, with higher concentrations found in patients with
a variety of medical conditions including autoimmune
diseases, infection and cancers [42]. Furthermore, in many
cancer patients, a subset of cfDNA derived from the tumor,
known as circulating tumor DNA (ctDNA), can be detected.
Assessment of ctDNA obtained from the peripheral blood
of cancer patients can allow for rapid genetic assessment of
prognostic and predictive genetic variations. A theoretical
advantage of this approach is that the sample can be
obtained with a peripheral blood draw, avoiding some of
the delays inherent in obtaining and processing a solid
biopsy specimen. Contrarily, the relative novelty of ctDNA
analysis does lead to outstanding questions about optimal
preanalytical and analytic approaches.
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Insolid tumor oncology, ctDNA is on the road to becoming
a standard of care evaluation in locally advanced colorectal
cancer following resection, in order to better delineate
which patients are most likely to develop recurrent
disease. In one study of those patients with resected
stage II or III colorectal cancer, patients with detectable
ctDNA displayed a significantly shorter 2-year relapse-
free survival, time to recurrence and overall survival than
ctDNA-negative patients. Eleven (92%) of ctDNA-positive
patients developed recurrence compared to 9 (7%) of
ctDNA-negative patients [43]. ctDNA assessment in
patients with DLBCL has demonstrated some prognostic
value with regards to response and risk of relapse [44,45].
As these techniques come into broader use and we deepen
our understanding of the genetic underpinnings of
hematologic malignancies, ctDNA assessment could be
useful for a variety of hematologic malignancies [46,47].
Given the difficulties in securing a diagnosis of IVBCL with
solid tissue biopsy, the use of cf/ctDNA assessment is an
intriguing possibility.

The utility of cf/ctDNA assessment in the diagnosis of
IVBCL was explored in a recent research letter [47]. In this
study, advanced sequencing of 8 genes was performed on
both tumor-derived DNA (tdDNA) and serum and plasma
cfDNA from g patients with IVBCL. These genes, including
MYD88 and CD79B, had previously been shown to harbor
recurrent mutations in IVBCL [48]. In samples from all
9 patients, a detectable mutation in at least one of the 8
genes was detected via cfDNA analysis of the serum and/or
plasma. cfDNA was found to be more sensitive at detecting
these mutations than tdDNA, and higher variant allele
frequencies (VAF) were seen in cfDNA samples as well.
Longitudinal sampling demonstrated that ¢cfDNA VAF
of presumed pathogenic MYD88 and CD79B mutations
correlated with disease activity, such that sicker patients
with higher clinical disease burden had higher VAFs.
Taken together, this study provides preliminary evidence
that the c¢fDNA detected was ctDNA, and that similar
analysis could become a useful diagnostic tool for IVBCL.

There are numerous hurdles blocking the routine
availability and use of ¢fDNA/ctDNA technology for the
diagnosis of IVBCL. More extensive studies of IVBCL
are needed to define the range of genetic abnormalities
and establish genetic fingerprints that are sufficiently
sensitive and specific to be clinically useful, as they are
unlikely to be independently diagnostic. As noted above,
MYD88 has been identified as a potential variant in IVBCL
subsets. However, it is better known for its association
with Waldenstrom’s Macroglobulinemia, highlighting
the inherent specificity problems in this rare disease.
In the near future, it is unlikely that circulating tumor
DNA assays optimized and validated for IVBCL will be
available, given the rarity of the disease. Additionally,
many medical facilities may not have access to clinical
labs able to perform these studies in a timeframe that

would be useful for treatment. However, as the usage of
cfDNA/ctDNA technology increases for more common
lymphomas (particularly diffuse large B-cell lymphoma),
the knowledge from these data sets may be extrapolated to
IVBCL. Thus, as liquid biopsy techniques advance, these
technologies could become a useful adjunctive tool to aid
in the early recognition and treatment of IVBCL.

Conclusion

Intravascular B cell lymphoma remains a formidable
opponent: difficult to diagnose, with aggressive but
nebulous disease manifestations. Early recognition
and evaluation for IVBCL is likely a significant factor in
improving prognosis with this disease. A comprehensive
and astute work-up must balance a rapid and intensive
diagnostic evaluation against the risks for iatrogenic
harm. Some of the newer techniques of ¢cfCNA and ctDNA
may provide opportunities to expand the sensitivity
and specificity of testing for IVBCL with minimal direct
patient risks. Logistics and availability of these advanced
genetic techniques will continue to be barriers until
the framework of ctDNA is better established. R-CHOP
remains the standard of care for IVBCL, although further
advances in treatment will have the opportunity to parallel
those of aggressive B-cell non-Hodgkin lymphomas. Some
case series continue to support relatively high percentages
of 2- and 3-year overall survivals in patients able to be
appropriately diagnosed and treated, further highlighting
the importance of rapid diagnosis and initiation of therapy
for this rare and aggressive disease.
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