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Abstract

The clinicopathology entity of plasmablastic lymphoma (PBL), de-
spite broad recognition by the World Health Organization (WHO),
represents a diagnostic challenge due to its overlapping features and
scarce occurrence. Often, PBL arises in immunodeficient, elderly male
patients, most notably those who are human immunodeficiency virus
(HIV)-positive. More infrequent, cases of transformed PBL (tPBL)
evolved from another hematologic disease have been identified.
Herein, we describe a case of a 65-year-old male transferred from a
neighboring hospital with pronounced lymphocytosis and spontaneous
tumor lysis syndrome (sTLS) presumed to be chronic lymphocytic leu-
kemia (CLL). Utilizing a complete clinical, morphologic, immunophe-
notypic, and molecular evaluation, we arrived at a final diagnosis of
tPBL with sTLS, suspected to have evolved from the NF-«B/NOTCH/
KLF2 (NNK) genetic cluster of splenic marginal zone lymphoma
(SMZL) (NNK-SMZL), a potential transformation and presentation, to
our knowledge, not previously reported. However, definitive clonality
testing was not performed. In this report, we also outline the diagnostic
and educational considerations we faced in discerning tPBL from other
more common B-cell malignancies which can present similarly, such as
CLL, mantle cell lymphoma, or plasmablastic myeloma. We summa-
rize recently reported molecular, prognostic, and therapeutic considera-
tions for the treatment and recognition of PBL, including the successful
implementation, in our patient, of bortezomib to an EPOCH (etoposide,
prednisone, vincristine, cyclophosphamide, and doxorubicin) regimen
with prophylactic intrathecal methotrexate, who has since achieved
complete remission (CR) and entered clinical surveillance. Lastly, this
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report briefly highlights the challenge we faced in this area of hemato-
logic typification that necessitates additional review and discussion by
the WHO: tPBL with potential double-hit cytogenetic versus double-hit
lymphoma with a plasmablastic phenotype.
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Introduction

A decade after its initial description, the clinicopathologic entity
of primary plasmablastic lymphoma (PBL) was recognized by
the World Health Organization (WHO) in 2017 as a subtype of
lymphoma [1]. Despite broad recognition, PBL often represents
a diagnostic challenge due to its infrequent occurrence and over-
lapping features. Usually, PBL occurs in elderly male patients
with underlying immunodeficiencies, most notably those who
are human immunodeficiency virus (HIV)-positive [1-4]. In a
minority of cases, transformed PBL (tPBL) arises from a preex-
isting malignancy, such as chronic lymphocytic leukemia (CLL)
or follicular lymphoma [2, 5, 6], but it has never been reported
as a potential transformation from splenic marginal zone lym-
phoma (SMZL). Patients often present in stage III/IV with vari-
ous involved sites depending on clinical factors such as HIV and
Epstein-Barr virus (EBV) status [2, 4, 7].

Cases of primary or de novo PBL are characterized by an
aggressive, cluster of differentiation (CD)20-negative, plasma-
blastic phenotype (CD38, CD138, melanoma associated antigen
(mutated) 1 (MUMI)-positive) with Myc proto-oncogene pro-
tein (MYC) rearrangements and high genetic complexity. In cases
of tPBL, the cytogenetic aberrations are often more complicated.
MYC rearrangements are still a diagnostic hallmark, but other
concurrent abnormalities, such as B-cell lymphoma 2 (BCL?2) re-
arrangements, may be present as seen in reported cases of tPBL
arising from follicular lymphoma or diffuse large B-cell lym-
phoma (DLBCL) [5, 8]. Unfortunately, the presence of these two
cytogenetic aberrations cast further challenge on the diagnosis of
primary or tPBL as the WHO has yet to address whether these
cases represent a high-grade double-hit lymphoma (DHL) with
a plasmablastic phenotype or primary or tPBL with double-hit
cytogenetics. Concurrent and temporal cytogenetics studies are
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Figure 1. Peripheral blood smear and flow cytometry. (a) Representative, x 50 oil immersion microscopy of the peripheral blood
smear - with digitally enlarged x 10 insets - demonstrating small- to moderate-sized lymphoid cells with scant to moderate cy-
toplasm, round to slightly irregular nuclei, and clumped chromatin. Middle inset, representative smudge, or basket cell present
throughout smear. (b) Peripheral blood immunophenotype by flow cytometry demonstrating a monoclonal kappa B-cell popula-
tion (top, left plot), with strong expression of CD19, moderate expression of CD20 (top, right panel), negative expression of CD5,
and negative expression of CD23 (bottom, left panel) and CD10 (bottom, right panel).

likely required, capturing just a minority of these cases.

Further, no standard therapeutic regimen exists due to the
rarity of de novo and tPBL. Recent retrospective studies have
demonstrated that the addition of bortezomib either to lym-
phoma or acute lymphoblastic leukemia protocol is effective
[9]. However, continued therapeutic study, implementation,
and review is needed.

Case Report
Investigations

A 65-year-old male patient with no significant past medical histo-
ry presented, as a transfer, for evaluation of prolonged lymphocy-
tosis (> 2 months) presumed by the outside institution to be CLL
with spontaneous tumor lysis syndrome (sTLS). At the neighbor-
ing hospital, the patient was admitted for severe diarrhea, abdom-
inal pain, and hyperuricemia (14.0 mg/dL) with acute kidney in-
jury (AKI) (Cr 1.86 mg). His clinical course was complicated by
grade IV esophagitis with coffee-ground emesis, recent incarcer-
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ated hernia repair, vancomycin-resistant enterococci bacteremia,
and rotavirus gastroenteritis. Computed tomography (CT) dem-
onstrated abdominal wall edema, diffuse bowel thickening, ret-
roperitoneal adenopathy, and an enlarged spleen (15.8 cm) with
a 3.8 cm splenic infarct. Upon transfer for hematologic evalua-
tion, his admission labs revealed leukocytosis (30.10 x 103/uL),
warm autoimmune hemolytic anemia (hemoglobin (Hgb) 9.9 g/
dL, direct antiglobulin test (DAT) C3, immunoglobulin G (IgG)-
positive with a warm autoantibody), hyperkalemia (5.2 mmol/L),
hyperuricemia (11.3 mg/dL), and elevated lactate dehydrogenase
(LDH, 2,673 U/L). Corrected calcium and phosphate were with-
in normal limits, and resolution of AKI occurred following two
doses of rasburicase and bolus hydration.

Following the resolution of his AKI, normal saline (125
mL/h) and allopurinol were initiated, with stabilization of his
serum creatinine (1.24 mg/dL) and hyperuricemia (6.6 mg/dL).
Peripheral blood smear revealed a lymphocytosis (26.49 x 103/
pL) of small- to medium-sized lymphocytes with round nuclei
and clumped chromatin, frequent smudge or basket cells, mod-
erate anemia with anisocytosis and polychromasia, and throm-
bocytosis with unremarkable platelet morphology (Fig. la).
Peripheral blood immunophenotyping by flow cytometry dem-
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Figure 2. Diagnostic, fluorodeoxyglucose (FDG) positron emission tomography combined with computed tomography (PET-CT).
(a) Representative coronal PET-CT image demonstrating diffuse uptake and hypermetabolic foci throughout the liver, spleen,
kidneys, bowel, left iliac chain and inguinal region concerning for malignant involvement. Dashed circle indicating a hypermeta-
bolic focus with a maximum standardized uptake value (SUV) of 10.0 in the superior splenic pole. (b-e) Representative axial,
nonsequential PET-CT images demonstrating numerous hypermetabolic foci throughout the bilateral lower lobes, mediastinal
pleura, esophagus, liver, kidney, abdominal wall, peritoneal cavity, and pelvic wall concerning for malignant involvement.

onstrated a population of monotypic, kappa light chain restricted
B lymphocytes that were CD19-positive, CD20-moderate, CDS5,
CD10 and CD23-negative (Fig. 1b). Positron emission tomog-
raphy-computed tomography (PET-CT) scan demonstrated dif-
fuse, hypermetabolic foci in the spleen, bilateral lower lobes of
the lungs, mediastinal pleura, anorectal region, peritoneal cav-
ity, bowel loop, and pelvic wall compatible with malignant in-
volvement (Fig. 2). No focal, hypermetabolic osseous lesions
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were identified (Fig. 2). Shortly after, the patient became febrile,
tachycardic, and his severe diarrhea reoccurred with diffuse ab-
dominal pain. Repeat CT demonstrated diffuse colonic thicken-
ing suggestive of infectious colitis, and stool culture confirmed
Clostridium difficile infection requiring initiation of oral vanco-
mycin with the resolution of his symptoms.

On bone marrow (BM) biopsy, nodular and interstitial
lymphoid (20-30% CD3 T cells; 20% paired box transcription
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Figure 3. Bone marrow histopathology. (a) Representative hematoxylin and eosin (H&E) stain revealing a slightly nodular and
interstitial lymphoid infiltrate comprised of small lymphoid cells. (b) CD20 and (c) PAX5 immunohistochemistry insets demonstrat-
ing B-cell antigens on the nodular and interstitial lymphoid infiltrate comprised of small lymphoid cells. Magnification: all, x 10.

factor 5 (PAXS5)/CD20 B cell) infiltrates comprised of small
cells with mature-appearing chromatin were evident (Fig. 3).
Cyclin D1 and SRY-related HMG-box transcription factor 11
(SOX11) were negative, ruling out mantle cell lymphoma. No
overt hemophagocytic histiocytes were present (Fig. 3). Immu-
nophenotypic analysis of the BM demonstrated a monoclonal,
kappa population (44.7% of events, 84.5% of lymphocytes) of
B lymphocytes that express CD20 (moderate to bright), CD19,
CD38, FMC7, CD22 with a subset expressing CD79b, and
negative for CD10, CD23, CD5, CD43, CD9, CD123, CDlIc,

Table 1. Cytogenetics and Next-Generation Sequencing Results

CD25, and CD103, ruling out hairy cell leukemia. Fluores-
cence in situ hybridization (FISH) studies of the BM aspirate
were positive for MYC and BCL2 rearrangements (Table 1).
BM aspirate cytogenetics displayed a complex karyotype with
an interstitial g-arm deletion on chromosome 7, a three-way
translocation between chromosomes 8, 14, and 18 - resulting
in immunoglobulin heavy chain (/GH)-MYC and IGH-BCL2
rearrangements - and a translocation between chromosomes 9
and 14 (Table 1). DNA extracted from sorted CD19-positive B
cells for next-generation sequencing (NGS) analysis revealed

Study Specimen Karyotype FISH
Cytogenetics Bone marrow  46,XY,del(7) Interphase FISH: positive for IGH-MYC rearrangement and positive for /GH-
aspirate (932q34),1(8;14;18) BCL?2 rearrangement
(924.2:q32.3;q21),t(9;14)  Metaphase FISH: MYC, BCL?2 on der(8)t(8;14;18), IGH, MYC on der(14)
(p13;932.3)[cp20] t(8;14;18); BCL2, IGH on der(18)t(8;14;18); IGH on chromosomes 9 and 14 of
t(9;14)2
Cytogenetics Abdominal - Signals consistent with MYC rearrangement, BCL2 equivocal, BCL6 negative
nodule
Study Specimen Gene Alteration Domain
Mutation panel® Bone marrow KLF2 (VAF: 54.0%) c.821G>A (p.C274Y) Zinc finger 1
KLF2 (VAF: 45.7%) ¢.862C>G (p.H288D)" Zinc finger 1

POTI (VAF: 4.5%)

¢.1505+7_1505+8insTGTTTT

Splice region

aRearrangement partner unknown, breakpoint on chromosome 9 suggests /IGH-PAX5 1(9;14) rearrangement. ®PPoint mutation not previously reported.
°Evaluated genes without alterations not included. MYC: Myc proto-oncogene protein; BCL2: B-cell ymphoma 2; BCL6: B-cell lymphoma 6; FISH:
fluorescence in situ hybridization; KLF2: Kruppel-like factor 2; POT1: protection of telomeres 1; VAF: variant allele frequencies.
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dual mutations in Kruppel-like factor 2 (KLF?2), a zinc finger
transcription factor - including one to our knowledge not pre-
viously reported - but no mutations in caspase recruitment do-
main-containing protein 11 (CARD11), myeloid differentiation
primary response 88 (MYD8S8), CD794/B, C-X-C chemokine
receptor type 4 (CXCR4), or CLL-associated genes (Table 1).

Core needle biopsy of the abdominal wall nodule demon-
strated hematolymphoid infiltrate with anaplastic features (Fig.
4). Large, pleomorphic CD20-negative, CD45-positive, kap-
pa-restricted cells with prominent nucleoli expressing MUMI,
CD30, CD138, and MYC were identified with a proliferative
rate shown by Ki-67 of > 90% (Fig. 4). Human gamma herpes-
virus 8 (HHV-8), anaplastic lymphoma kinase (ALK), BCL2,
and B-cell lymphoma 6 (BCL6) immunohistochemistries, and
Epstein-Barr encoding region (EBER)-in situ hybridization
(ISH) were negative. The nodule biopsy was positive for MYC
rearrangement, equivocal for BCL2 due to tumor necrosis, and
negative for BCL6 rearrangements (Table 1).

No monoclonal protein was detected in the serum; elevat-
ed serum kappa free light chains (49.6 mg/L) with a mildly
increased kappa-to-lambda ratio of 2.64 (reference range: 0.51
- 1.72) were observed. Monoclonal free kappa light chains
were detected in the urine. Cytomegalovirus (CMV) (< 50
IU/mL), HHV-8 (< 1,000 copies/mL), and EBV polymerase
chain reaction (PCR) (< 1,000 IU/mL) were negative. Sero-
logic HIV evaluation was non-reactive and hepatitis serologies
were negative. Ferritin and triglycerides were slightly elevated
at 1,492.7 ng/mL and 150 mg/dL, respectively. Aspartate ami-
notransferase was within normal limits (32 U/L). Utilizing the
weighted criteria of the hemophagocytic lymphohistiocytosis
(HLH)-probability score (HScore), the calculated probability
of acquired malignancy-associated HLH was low (< 1%, 86
points (optimal cutoff: 169 points, sensitivity: 93%, speci-
ficity, 86%)) [10]. Brain magnetic resonance imaging (MRI)
demonstrated no abnormal parenchymal enhancement or in-
tracranial abnormalities; no abnormalities or malignant cells
were evident on cerebrospinal fluid (CSF) analysis.

Diagnosis

The immunohistochemistry, immunophenotyping, and NGS
studies ruled out CLL, mantle cell lymphoma, hairy cell leu-
kemia, and HHVS8-driven lymphomas. Plasmablastic myeloma
was excluded, given the absence of a serum monoclonal pro-
tein, the free kappa-to-lambda ratio less than 100, and the lack
of osseous lesions with a normal calcium level. The presence of
splenomegaly in addition to the 18F-fluorodeoxyglucose (FDG)
uptake in the superior splenic pole by PET-CT, with a standard-
ized uptake value (SUV) of 10, suggested a diagnosis of SMZL.

Despite a lack of intrasinusoidal BM involvement com-
monly seen in but not specific for SMZL, the immunohisto-
chemistry was positive for CD19, CD20, CD79b and negative
for CD5 and CD23 congruent with SMZL [11, 12]. Moreover,
the presence of a similar kappa monoclonal B-cell population
(CD19, CD20 positive, CD5, CD10, and CD23 negative) by
flow cytometry in the peripheral blood and BM suggested
SMZL with BM and peripheral blood involvement [13-16].
The KLF2 mutations on sorted CD19-positive B cells and the
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loss of chromosome 7q also advocated for SMZL [13-16]. In-
deed, KLF2 mutations have rarely been reported in cases of
other lymphomas, and almost exclusively occur in the pres-
ence of BCL6 rearrangements or a BCL6 signature [17].

Nonetheless, the clinical history, laboratory results, pres-
ence of extranodal sites of disease by PET-CT, and identifica-
tion of a complex karyotype with translocations in MYC, and
BLC2 suggested underlying SMZL transformation observed in
roughly about 20% of patients with SMZL with a rapidly pro-
gressive course [12, 13]. The abdominal nodule biopsy demon-
strated large, pleomorphic CD20-negative and MUM1, CD30,
MYC, and CD138-positive cells favoring a potential diagnosis
of PBL [1]. The negative infectious evaluation and EBER-ISH
on the abdominal nodule biopsy pointed away from several
underlying etiologies of primary or de novo PBL [1-4, 7, 11]
and towards a potential transformation.

A final possibility was a DHL with a plasmablastic phe-
notype [18]. While the initial evaluation demonstrated MYC
rearrangements and discrepant BCL?2 results between the BM
and nodule biopsy, work by Kim et al demonstrated the po-
tential for discordant FISH results between BM aspirate and
extranodal or nodal tissue arguing against double-hit cytoge-
netics in the abdominal nodule [18]. Further, cases of DHL
are significantly associated with a CD5-negative and CD10-
positive immunophenotype, whereas both our peripheral and
BM aspirate immunophenotypic assessment revealed a CD5/
CD10-negative characteristic pointing away from the diagno-
sis of DHL with a plasmablastic phenotype [18] and towards
tPBL with complex cytogenetics.

Although we could not definitively prove a clonal rela-
tionship between the two aforementioned components, the fi-
nal diagnosis was determined to be Ann Arbor stage IV tPBL,
likely arising from SMZL with peripheral blood and BM in-
volvement. The revised international prognostic index (R-IPI)
score and the central nervous system (CNS)-IPI score was 4.
The calculated 2-year risk of CNS progression/recurrence was
10.2%, and the National Comprehensive Cancer Network IPI
(NCCN-IPI) score was 6, further accentuating the aggressive
nature of the patient’s disease.

Treatment

Given the aggressive nature and rare occurrence of PBL, six
cycles of V-EPOCH (bortezomib, etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin) every 21 days
with intrathecal methotrexate for the first four cycles were ini-
tiated. V-EPOCH was administered in the standard approach,
consisting of a 96-h continuous infusion of etoposide I'V, doxo-
rubicin IV, and vincristine followed by cyclophosphamide IV
on day 5. Bortezomib was given at a dose of 1.3 mg/m? on days
1 and 4 of each cycle. For our patient, the main side effects
were diarrhea and neutropenia. Limiting toxicity was neurop-
athy, resulting in dose-reduction and then discontinuation of
vincristine. The treatment of PBL still remains controversial.
Given the rarity of the disease, no specific prospective stud-
ies are available and patients with PBL are often excluded from
clinical trials. Makady et al presented a meta-analysis of 173
patients reported in the literature and treated for PBL, with 24
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Figure 4. Abdominal nodule histopathology. (a) Representative hematoxylin and eosin (H&E) stain demonstrating large, pleo-
morphic cells with prominent nucleoli and vesicular chromatin. (b-e) Representative CD30, CD45, CD138, and MUM1 immu-
nohistochemistry images demonstrating positive staining in a vast majority of neoplastic cells (about 95%) and variable CD138
expression. (f) MYC immunohistochemistry demonstrating diffuse expression in neoplastic cells. (g) Ki-67 immunohistochemis-
try, proliferation index: > 90%. (h) Kappa in situ hybridization denoting kappa-restricted, neoplastic cells. Magnification: all, x 40.
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of them receiving V-EPOCH (eight patients in Dittus et al and
16 patients in Castillo et al). Of this small cohort, 11/24 patients
were HIV-positive and none had tPBL. All 24 patients received
V-EPOCH as first line of therapy for 2 - 6 cycles; 23/24 had
a CR; 4/24 underwent autologous stem cell transplant in first
remission. Five out of eight patients of Dr. Dittus’s study re-
ceived methotrexate intrathecally or high-dose methotrexate for
proven CNS disease or CNS prophylaxis, while CNS treatment
or prophylaxis was not reported in Dr. Castillo’s study.

The median follow-up was 4 years, with a 2-year pro-
gression-free survival and overall survival (OS) of 50% in Dr.
Dittus’s study and a median OS of 62 months, with a 5-year
OS rate of 63% in Dr. Castillo’s study. In term of toxicities,
grade 3 or higher adverse events included thrombocytopenia
(7/24, 29.1%), febrile neutropenia (6/24, 25%), and neuropa-
thy (7/24, 29.1%). Despite the low patient numbers, the addi-
tion of bortezomib seemed to increase the risk of neuropathy
which otherwise occurs in 10-18.6% of patients treated with
regular EPOCH [9, 19, 20].

Follow-up and outcomes

After six cycles of V-EPOCH, end of therapy PET-CT indicat-
ed CR, and clinical surveillance every 3 months was initiated.
Spleen size also normalized to 11.5 cm. The patient tolerated
the chemotherapy regimen and is experiencing ongoing remis-
sion.

Discussion

A hallmark of PBL is the plasma cell-like phenotype or malig-
nant plasmablast [2]. Conventionally, a plasmablast is a short-
lived, immature cell type, a part of the plasma cell lincage.
While the exact pathogenesis of PBL remains elusive, several
genetic, infectious, and immunologic perturbations have been
purposed to affect the maturation, transformation, coordina-
tion, and survival of plasmablasts such as EBV antigen-driven
apoptotic survival, MYC dysregulation, or genetic alterations
affecting the receptor tyrosine kinase-rat sarcoma virus-rapid-
ly accelerated fibrosarcoma (RTK-RAS-RAF), Janus kinase-
signal transducer activator of transcription (JAK-STAT), in-
duced myeloid leukemia cell differentiation protein (MCL1),
interferon regulatory factor 4 (IRF4), mitogen-activated pro-
tein kinase (MAPK), and NOTCH pathways [21-23].

Unique oncogenic mutations and a differential set of ex-
pression patterns have also been reported in EBV-negative
versus EBV-positive cases [24]. EBV-negative cases of PBL
had a higher mutational and copy-number load as well as more
frequent tumor protein 53 (7P53), CARD1I, and MYC muta-
tions [21, 22]. Whereas EBV-positive cases had more frequent
mutations in the JAK-STAT pathway [21, 22]. Interestingly,
PBL usually represses the B-cell receptor (BCR) and nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-
«B) signaling [23, 25], while KLF?2 inactivating mutations,
like the ones present in the BM sample of our patient, have the
opposite effect, allowing for NF-«kB activation by BCR [14].
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Further, genetic alterations in KLF2 underscore one of the
prominent genetic clusters of SMZL termed NNK-SMZL [13].
Within this genetic cluster, KLF2 mutations were enriched in
the immune-suppressive subtype of NNK-SMZL, which had a
heavier neoantigen load and inflammatory tumor microenvi-
ronment [13]. Since data from the abdominal nodule, to evalu-
ate for clonality and persistence of the KLF2 mutation, are not
available, we can only speculate that the more aggressive and
proliferative nature of NNK-SMZL with immune-suppressive
features might have created an environment suitable for plas-
mablastic transformation with complex cytogenetics and clon-
al independence from NF-«B signaling.

In our case of Ann Arbor stage IV tPBL, the patient met
three of the four criteria for STLS [24]: uric acid > 8 mg/dL,
suspected malignancy with elevated LDH more than twice
the upper limit, and acute non-postobstructive oliguric kidney
injury. Uc acid level was not collected; thus, the uric acid to
creatinine ratio > 1 was not evaluated. Moreover, the lack of
hyperphosphatemia, a common occurrence in sTLS, suggested
the re-utilization of free phosphorus by rapidly proliferating
malignant cells. To our knowledge, sTLS has yet to be reported
in cases of PBL.

Generally, the prognosis of PBL is considered dismal,
with a median OS of approximately 8 months [3]. Some pa-
tients have better outcomes, such as those with disease sites
involving the head/neck region or the immunocompetent with
EBV-positive disease. In contrast, a high IPI score, Ki-67 ex-
pression of > 80%, and 7P53 mutations have been associated
with worse OS [9]. A retrospective, multicenter evaluation
of the IPI, R-IPI, and the NCCN-IPI indexes also supported
their use in patients with PBL for their prognostic capabili-
ties [26]. Validation of the CNS-IPI score in patients with PBL
has not been examined and CNS prophylaxis with intrathecal
methotrexate is largely controversial and based on institutional
practices. Additional studies on the use of CNS-IPI and CNS
prophylaxis in PBL are thus warranted.

Given the rarity of PBL, clinical trials to define the best
treatment approach are limited. Systematic retrospective
analyses revealed promising results upon the addition of the
proteasome inhibitor, bortezomib, to either lymphoma or acute
lymphoblastic leukemia regimens [9]. For instance, V-EPOCH
regimens obtained a CR rate of 90-100%, reduced relapse
rates, and demonstrated a 5-year OS rate of 65% in patients
with PBL [9]. Indeed, despite poor prognostic features, such
as EBV-negativity, a Ki-67 index > 80%, and high-risk IPI-R/
CNS-IPI/NCCN-IPI scores, our patient benefited from the ad-
dition of bortezomib to an EPOCH regimen with prophylactic
intrathecal therapy, having achieved ongoing remission.

Finally, given the plasmablastic phenotype with CD138-
and CD38-positivity, other therapies used in patients with mul-
tiple myeloma have been implemented. Lenalidomide in com-
bination with cyclophosphamide, doxorubicin, vincristine, and
prednisone (CHOP) [26, 27] or daratumumab (monoclonal an-
tibody against CD38) in combination with EPOCH demonstrat-
ed responses in selected patients with advanced PBL [28]. In
relapsed or refractory cases of aggressive lymphoma, therapeu-
tic options have also expanded to incorporate experimental im-
munotherapy. As such, Castillo et al demonstrated an effective
response in the first case of refractory, recurrent PBL treated
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with the anti-PD1 monoclonal antibody, pembrolizumab [29].
Moreover, promising therapeutically actionable pathways are
present in PBL, such as the JAK-STAT and the RTK-RAS path-
ways, including a newly reported neurotrophic tyrosine kinase
receptor type 3 (NTRK3) activating mutation in a minor subset
of PBL cases [21-23]. Ultimately, alterations in these pathways
suggest a role for JAK-STAT and pan-TRK inhibitors. In vitro
models of JAK-STAT inhibition with tofacitinib demonstrated
encouraging results [21], but neither JAK-STAT nor pan-TRK
inhibitors have seen clinical implementation, and further study
is required before broad implementation. In our case, such ther-
apeutic options were not considered as molecular alterations in
these specific pathways were not assessed.

Conclusion

In sum, we present, to our knowledge, a case of tPBL with
sTLS suspected to arise from NNK-SMZL. While we cannot
prove temporal and clonal transforation, our report highlights
the importance of the differential and the effect of minimizing
anchoring bias and heuristics given the patient’s presumptive
diagnosis and complex presentation. It underscores the signifi-
cance of a complete clinical, morphologic, immunophenotyp-
ic, and molecular analysis as part of hematologic typification.
It illuminates and summarizes unique diagnostic and thera-
peutic considerations for the recognition and treatment of this
exceedingly rare entity. Lastly, it raises several scientific, clini-
cal, and therapeutic challenges and future directions associated
with the typification and treatment of PBL.

Learning points

This case provides several learning points associated with the
etiology, therapeutic considerations, and study of PBL: first,
it reports on the diagnostic criteria and identification of sSTLS
and demonstrates its efficacy in PBL; second, it demonstrates
the unique diagnostic considerations associated with PBL ver-
sus several other conditions; third, it reviews recent molecular,
therapeutic, and prognostic discovers vital to the typification
and treatment of patients with PBL. Finally, it illustrates the
challenge and continued need for further study of PBL.
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spontaneous tumor lysis syndrome; CLL: chronic lympho-
cytic leukemia; SMZL: splenic marginal zone lymphoma;
NNK: NF-xkB/NOTCH/KLF2; SMZL: splenic marginal zone
lymphoma; EPOCH: etoposide, prednisone, vincristine, cy-
clophosphamide, and doxorubicin; HIV: human immunodefi-
ciency virus; EBV: Epstein-Barr virus; CD: cluster of differen-
tiation; MUM1/IRF4: melanoma associated antigen (mutated)
1, interferon regulatory factor 4; MYC: myc proto-oncogene
protein; BCL2: B-cell lymphoma 2; DLBCL: diffuse large
B-cell lymphoma; DHL: double-hit lymphoma; AKI: acute
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DAT: direct antiglobulin test; IgG: immunoglobulin G; LDH:
lactate dehydrogenase; PET-CT: positron emission tomogra-
phy-computed tomography; BM: bone marrow; SOX11: SRY-
related HMG-box transcription factor 11; PAXS: paired box
transcription factor 5; FISH: fluorescence in situ hybridiza-
tion; IGH: immunoglobulin heavy chain; KLF2: Kruppel-like
factor 2; CARDI11: caspase recruitment domain-containing
protein 11; MYD88: myeloid differentiation primary response
88; CXCR4: C-X-C chemokine receptor type 4; HHV-8: hu-
man gamma herpesvirus 8; ALK: anaplastic lymphoma kinase;
BCL6: B-cell lymphoma 6; PCR: polymerase chain reaction;
CMV: cytomegalovirus; HLH: hemophagocytic lymphohis-
tiocytosis; MRI: magnetic resonance imaging; NGS: next-
generation sequencing; FDG: 18F-fluorodeoxygllucose; ISH:
in situ hybridization; R-IPI: revised international prognostic
index; CNS-IPI: central nervous system international prognos-
tic index; NCCN-IPI: National Comprehensive Cancer Net-
work international prognostic index; CR: complete response;
V-EPOCH: bortezomib, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin; RTK: receptor tyrosine
kinase; RAS: rat sarcoma virus; RAF: rapidly accelerated fi-
brosarcoma; JAK: janus kinase; STAT: signal transducer acti-
vator of transcription; MCL1: induced myeloid leukemia cell
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differentiation protein; IRF4: interferon regulatory factor 4;
MAPK: mitogen-activated protein kinase; TP53: tumor pro-
tein 53; NF-kB: nuclear factor kappa-light-chain-enhancer of
activated B cells; NTRK3: neurotrophic tyrosine kinase recep-
tor type 3; POT1: protection of telomeres 1; VAF: variant al-
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