Successful treatment with recombinant
thrombomodulin for B-cell lymphoma-associated
hemophagocytic syndrome complicated by
disseminated intravascular coagulation
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Abstract: We report here a 47-year-old male with the diagnosis of high-grade B-cell ymphoma and hemophagocyto-
sis accompanying disseminated intravascular coagulation (DIC). Lymphoma-associated hemophagocytic syndrome
(LAHS) is a life-threatening disorder, and LAHS secondary to B-cell lymphoma is relatively rare compared to that
secondary to T- or NK/T-cell lymphoma in Western countries. T- or NK/T-cell LAHS is sometimes combined with DIC,
which makes patients’ outcomes even worse, but few reports of B-cell LAHS accompanying DIC has been published
so far. We successfully treated a patient with this condition with recombinant thrombomodulin (rTM), a novel agent
for DIC. We believe that rTM is a therapeutic option in cases with B-cell LAHS accompanying DIC.
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Introduction treatment strategy has not been established
yet [2, 7].

Hemophagocytic syndrome (HPS) is usually
acquired after infection, lymphoma and auto-
immune diseases [1]. Patients with intravascu-
lar lymphoma are sometimes accompanied by

lymphoma-associated HPS (LAHS) [2]. Since

Recombinant thrombomodulin  (fTM) has
emerged as a new treatment option for DIC,
which inhibits the action of activated Factor V
and VIII by activating protein C [10, 11]. The effi-
patients with lymphoma-associated HPS cacy of rTM is excellent in improvement of sep-
(LAHS) are thought to have worse prognosis sis-related DIC and reduction of bleeding events
than those without, prompt diagnosis and treat- [11].

ment are necessary [3-6]. Treatment strategy
for LAHS is to start combination chemotherapy
as soon as possible, and rituximab and CHOP

Herein we report the first case of successful
treatment with rTM for B-cell LAHS accompany-

(cyclophosphamide, doxorubicin, vincristine
and prednisolone) (R-CHOP) regimen is often
used for B-cell LAHS [3-5, 7-9]. Although sup-
portive care is also important, it has not been
discussed enough so far. Disseminated intra-
vascular coagulation (DIC) is sometimes
accompanied by T- or NK/T-cell LAHS and pre-
dicts a lower survival rate. On the other hand,
DIC with B-cell LAHS is relatively rare and its

ing DIC without invasion of tumor cells into
blood vessels or Epstein-Barr virus (EBV)
infection.

Case report

A 47-year-old male suffering from multiple scle-
rosis (MS) was admitted to our institution due
to fever and weight loss. Physical examination
revealed no evidence of lymphadenopathy. His
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Figure 1. Hematoxylin-eosin stain of bone marrow aspiration showing increased phagocytic cells (A). Hematoxylin-
eosin stain of bone marrow biopsy shows invasion and nodular proliferation of atypical lymphocytes with large,
cleaved and constricted nuclei (B).

leukocyte count was 6.7 x 10° /L with 3% lym-
phoid cells, hemoglobin 94 g/L and platelet
count 65 x 10° /L. Serum biochemistry
revealed lactate dehydrogenase 786 U/L,
aspartate transaminase 66 U/L, alanine trans-
aminase 116 U/L, alkaline phosphatase 1,337
U/L and soluble interleukin-2 receptor (sIL-2R)
18,261 U/mL. Progression of MS was unlikely
because brain magnetic resonance imaging did
not disclose novel lesions. Computed tomogra-
phy (CT) scan showed hepatosplenomegaly.
F18-fluprodeoxyglucose-positron emission
tomography (FDG-PET) exhibited increased
uptakes in the spleen and extensive bones.
Bone marrow biopsy was notable for diffuse
proliferation of large to medium-sized lymphoid
cells with constricted nuclei that were positive-
ly stained for CD20 on immunohistochemistry.
Flow cytometric analysis of the bone marrow
specimen demonstrated that the neoplastic
cells were positive for CD19 and negative for
CD5, CD10 and CD30. EBV encoded RNA-1 in
situ hybridization resulted in negative study.
Monoclonal rearrangement of immunoglobulin
heavy chain gene was demonstrated by poly-
merase chain reaction amplification.
Cytogenetic study revealed near-tetraploidy
with chromosomal abnormalities including
3021 and 19q913. We suspected Asian variant
intravascular lymphoma (AIVL) for this high-
grade B-cell lymphoma as it has been reported
that AIVL is frequently associated with HPS [2].
However, random skin biopsy did not show inva-
sion of tumor cells into blood vessels. We there-
fore made the diagnosis of high-grade B-cell
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lymphoma, most likely diffuse large B-cell
lymphoma.

He began to complain of right upper quadrant
pain. Pancytopenia progressed with leukocyte
count of 1.8 x 10° /L, hemoglobin level 73 g/L
and platelet count 42 x 10° /L. Other findings
included plasma fibrinogen level of 1.26 g/L
and serum ferritin  of 24,387 mg/L.
Hemophagocytic histiocytes were observed in
the reexamined bone marrow (Figure 1).
Although no definitive diagnostic criteria exist
for LAHS, we diagnosed the patient as having
B-cell LAHS, based on the manifestation of
fever, splenomegaly, cytopenia, hypofibrinogen-
emia, hemophagocytosis in the bone marrow,
hyperferritinemia and  elevated  slIL-2R.
Fibrinogen degradation products (FDP) level
and prothrombin time were 86.8 mg/L and
84%, respectively. These data satisfied the cri-
teria of overt DIC of the scoring system for DIC
of International Society on Thrombosis and
Hemostasis (ISTM). Treatment of DIC was initi-
ated with rTM at a daily dose of 380 U/kg for six
consecutive days. Etoposide was added to reg-
ular CHOP regimen and these treatments led to
transient exacerbation but eventual improve-
ment of lymphoma, DIC, and pancytopenia
(Figure 2).

Rituximab and CHOP (R-CHOP) regimen was
performed for five additional courses with vin-
cristine excluded for the last three courses
because of severe peripheral neuropathy. He
achieved complete remission after 6 courses
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Figure 2. A clinical course and laboratory data of the present case. Abbreviations and symbols: CPA, cyclophospha-
mide; ADR, doxorubicin; VCR, vincristine; PSL, prednisolone; VP-16, etoposide; G-CSF, filgrastim. A double-headed
arrow means a subcutaneous shot of 75 mg/day of filgrastim for six days. RBC, red blood cells. Each black arrow
means transfusion of 2 units (corresponding to one unit in western countries) of red blood cells.; PLT, platelet. Each
white arrow means transfusion of 10 units of platelets. FFP, fresh frozen plasma. Each gray arrow means transfusion
of 4 units of FFP. rTM, recombinant thrombomodulin; FDP, fibrinogen degradation products; LDH, lactate dehydro-

genase.

of combination chemotherapy. CT imaging
showed disappearance of hepatosplenomega-
ly. Cytopenias and hypofibrinogenemia amelio-
rated. Levels of sIL-2R and ferritin were mark-
edly reduced to 477 U/ml and 1,734 mg/L,
respectively.

Discussion

LAHS secondary to B-cell ymphoma is unusual,
and B-cell LAHS accompanying DIC is rare [1, 7,
12, 13]. In recent years, there have been
increasing number of reports that B-cell LAHS
is recurrent in AIVL and that DIC accompanies a
subset of AIVL with B-cell LAHS [2, 7].

Standard treatment strategies for HPS consist
of immunosuppressants and supportive thera-
py. In case of LAHS, combination chemotherapy
should be added immediately, since it develops
rapidly and becomes fatal in most patients. For
B-cell LAHS, R-CHOP regimen is generally used,
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and stem cell transplantation might be consid-
ered for relapsed cases [3-5, 7-9]. Etoposide
was administered in addition to the standard
CHOP regimen of DLBCL in this case, because
this medication was already shown to be effec-
tive for EBV-related HPS [3, 14, 15], and the
remedy led complete response of lymphoma
and resolution of HPS.

On the other hand, as for the supportive thera-
py, few pieces of evidence have been estab-
lished, and here we applied rTM for the man-
agement of DIC in B-cell LAHS. Thrombomodulin
forms a complex with thrombin, and this com-
plex activates protein C approximately 1,000
times faster than thrombin alone. Activated
protein C acts as an endogenous anticoagulant
factor by dissolving Factor Va and Vllla.
Recombinant TM is an emerging treatment
option for DIC, composed of the active, extra-
cellular domain of thrombomodulin. Efficacy
and safety of rTM for sepsis-induced DIC have

Int J Clin Exp Pathol 2013;6(6):1190-1194
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already been demonstrated [10, 11]. We suc-
cessfully managed DIC in B-cell LAHS with TM,
indicating that the reagent may be also effec-
tive in this setting.

This patient presented with splenomegaly and
FDG-PET exhibited increased uptakes in the
spleen. No reports have ever pointed out
whether clinicians should regard splenomegaly
as a feature of lymphoma and/or HPS in such
cases, or no definitive criteria has been estab-
lished for B-cell lymphomas with HPS. In this
case, we diagnosed B-cell lymphoma on histo-
pathological findings and regarded splenomeg-
aly as one of the diagnostic criteria for HPS.
Murase et al. proposed a diagnostic criteria for
B-cell LAHS in the previous study [2], and our
case fulfills it: (a) hemophagocytosis in the
hemopoietic system, (b) hepatomegaly and/or
splenomegaly, (c) bone marrow invasion of the
lymphoma cells, (d) a lack of overt lymphade-
nopathy and tumor formation, at least three of
these four conditions. According to this report,
two thirds of B-cell LAHS have definitely been
histopathologically classified as IVL, and rest of
them were also diagnosed as IVL by autopsy. In
our case, however, random skin biopsy and
bone marrow biopsy did not show evidence of
IVL, despite the features reminiscent of AIVL
such as fever, splenomegaly, cytopenia, hypofi-
brinogenemia, hemophagocytosis in the bone
marrow, hyperferritinemia and elevated sIL-2R.
Hence, we may need to reexamine whether
AIVL would really account for almost all cases
of B-cell ymphoma with features of HPS. In this
setting, evaluation of the splenomegaly by FDG
uptakes and active histological surveys may be
useful to determine whether it is induced by
LAHS and/or AIVL.

In conclusion, R-CHOP therapy combined with
etoposide and rTM is a promising approach for
unfavorable B-cell LAHS accompanying DIC.
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