Chapter 13
Hemophagocytic Lymphohistiocytosis,
Secondary

Ryu Yanagisawa and Yozo Nakazawa

Abstract Secondary hemophagocytic lymphohistiocytosis (HLH) is a group of
diseases characterized by fever, splenohepatomegaly, pancytopenia, hypertriglyceride-
mia, hypofibrinogenemia, decreased natural killer cell activity, high ferritin value, high
soluble interleukin-2 receptor value, and hemophagocytosis, which are induced or
associated by infections, malignant tumors, or autoimmune diseases. In Eastern Asia,
primary Epstein—Barr virus (EBV) infection is the most common cause of secondary
HLH. Other common causes of secondary HLH are non-EBV viral infections (cyto-
megalovirus, adenovirus, herpes simplex virus, varicella—zoster virus, parvovirus B19,
parainfluenza virus, influenza virus, etc.), malignant lymphoma, and juvenile idiopathic
arthritis. Secondary HLH can develop in a wide range of age groups starting from chil-
dren to seniors. Autoimmune diseases and infection-related HLH are common in chil-
dren, whereas lymphoma-related HLH is common in seniors. Although EBV-HLH is a
heterogeneous disorder with various symptoms ranging from mild to severe, early ini-
tiation of immunochemotherapy consisting of dexamethasone, cyclosporin A, and
etoposide has been recommended for patients with moderate to severe EBV-HLH.

13.1 Introduction

Hemophagocytic lymphohistiocytosis or hyperinflammatory lymphohistiocytosis
(HLH) is a group of diseases characterized by clinical symptoms such as fever and
splenohepatomegaly and abnormal test findings such as pancytopenia, hypertriglyc-
eridemia, hypofibrinogenemia, decrease in natural killer (NK) cell activity, high
ferritin, hyperlipidemia, and high soluble interleukin-2 receptor (sIL-2R) values.
HLH is also referred to as hemophagocytic syndrome (HPS). Histologically,
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infiltration of histiocytes accompanied by lymphocytes and a clinical image of
hemophagocytosis into the reticuloendothelial system, bone marrow, or central ner-
vous tissue is confirmed [1, 2].

HLH is classified into primary [familial HLH (FHL), X-linked lymphoprolifera-
tive disorder, etc.] and secondary HLH. FHL is mainly an autosomal recessive
inheritance with an onset in infancy, whereas secondary HLH follows infections,
malignant tumors, or autoimmune diseases. Secondary HLH can develop in a wide
range of age groups starting from children to seniors. Autoimmune diseases and
infection-related HLH are common in children, whereas lymphoma-related HLH is
common in seniors [1, 2].

In Eastern Asia, prevalence of Epstein—Barr virus (EBV)-associated HLH due to
initial EBV infection is high, and at least 25 cases of EBV-HLH occur in Japan each
year [1]. A Japanese national survey of 567 HLH cases (both children and adults)
showed that about half of the cases were EBV- (28.7%) or infection-associated
HLH that followed other infections (24.3%) [2]. Many cases of EBV-HLH were
children aged 15 years or younger, and 120 out of 163 cases (74%) were initial EBV
infection with a positive viral capsid antigen (VCA)-IgM test result or a negative EB
nuclear antigen (EBNA) test result. Causative viruses other than EBV are cyto-
megalovirus, adenovirus, herpes simplex virus, varicella—zoster virus, parvovirus
B19, parainfluenza virus, and influenza virus [2]. In general, infection-associated,
non-EBV-HLH shows a mild clinical course with lower serum levels of interferon
(IFN)-y and soluble interleukin (IL)-2 receptor (sIL2-R) compared to EBV-HLH
[3]. However, neonatal HLH due to HSV or enterovirus (echovirus and coxsackievi-
rus), which occurs within 4 weeks after birth, can become seriously ill [4, 5]. Other
causes were lymphoma-associated HLH, which accounted for about one-fifth of
patients (19.0%). The major disease subtype was B-cell or T/NK-cell lymphoma.
Other malignancy-associated HLH cases (acute leukemia, myelodysplastic syn-
drome, Langerhans cell histiocytosis, renal or liver carcinoma, and others) were also
diagnosed in 4.2% of the patients. Autoimmune-associated HLH was observed in
about one-tenth (9.3%) of the patients. Majority of the causes were juvenile idio-
pathic arthritis, systemic lupus erythematosus, and others. Post-allogeneic stem cell
transplantation (SCT)-related HLH can develop in the early phase of allogeneic
SCT around the time of engraftment and overlap with hyperacute graft vs. host
disease or engraftment syndrome. In rare cases, drug hypersensitivity syndrome is
associated with HLH. Here we focus on EBV-HLH and discuss the details below.

13.2 Pathogenesis of EBV-HLH

In normal initial EBV infection, EBV infects B cells, and to remove this infection,
mainly CD8-positive T cells present an EB V-specific immune response followed by
elevated levels of tumor necrosis factor o and IL-6 (Fig. 13.1a) [6, 7]. Depending on
the intensity of this immune response, symptoms may vary from asymptomatic to
infectious mononucleosis (IM). On the other hand, EBV infection is confirmed
mainly in CD8-positive T cells at the time of onset of EBV-HLH [8], but the route
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Fig. 13.1 Pathophysiology of infectious mononucleosis (a) and hemophagocytic lymphohistiocy-
tosis (b) due to primary EB virus infection. EBV-IM EB virus-associated infectious mononucleo-
sis, EBV-HLH EB virus-associated hemophagocytic lymphohistiocytosis, INFy interferon, /L-6
interleukin-6, /L-18 interleukin-18, TNFa tumor necrosis factor-o
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of infection to T cells has not been elucidated [1, 9]. CD8-positive T cells infected
by EBYV release excessive IFNy, which activate macrophages. These activated mac-
rophages release abundant pro-inflammatory cytokines (IL-6, IL-18, etc.) and cause
hemophagocytosis (Fig. 13.1b) [7]. Unlike IM, which generally recovers by itself,
the prognosis of EBV-HLH is poor without early and appropriate treatment [1, 9].
In EBV-HLH, EBYV infections of NK cells or B cells are minimal or absent, whereas
spontaneous growth of EBV-positive lymphoblastoid B cells can be seen in the
recovery or remission stages, indicating that EBV infection of B cells is delayed but
occurs during the course of disease [9]. It has been proposed that in cases of EBV-
HLH, EBV-infected B cells may induce an abnormal immune response in CDS§-
positive T cells [10, 11] and that they may be the source of EBV in T cells [12, 13].

13.3 Diagnostic Findings in EBV-HLH

The HLH-2004 criteria have been widely used for the diagnosis of HLH [14].
However, their sensitivity and specificity should be validated before application of
these diagnostic criteria is suitable for EBV-HLH. Because these criteria focus on
FHL, some of them, including impaired NK cell activity, may not be suitable for
EBV-HLH [2]. Increased titers of EBV-specific antibodies are not reliable for the
diagnosis of EBV-HLH [2]. Although EBV-HLH sets in following the first EBV
infection, there are few cases in which onset is brought on by the reactivation of
EBV accompanied by chronic active EBV infection. In addition, there are few cases
of FHL onset triggered by EBV infection. The real-time polymerase chain reaction
(PCR) to quantify EBV DNA in the peripheral blood is a useful method for diagno-
sis of EBV-HLH. Patients with EBV-HLH show a significantly higher viral load
compared to IM in both plasma and peripheral blood mononuclear cells on real-
time PCR [15]. In addition, CD5 downregulation in CD8-positive T cells may be
rapidly discriminated between EBV-HLH and EBV-IM [16].

The monoclonality of EBV-infected T lymphocytes is confirmed in EBV-
HLH. The monoclonality of EBV-infected T cells can be evaluated by assessing the
uniformity of the EBV genome and/or the monoclonality of T-cell receptor (TCR)
gene rearrangement using Southern blotting and conventional PCR analyses [17,
18]. Recently, the multiplex PCR for detecting clonal immunoglobulin and TCR
gene rearrangement was established to detect clonally proliferating EBV-containing
T-cells in EBV-HLH [19]. The combination of these genetic analyses is useful in the
diagnosis of EBV-HLH.

13.4 Prognostic Factors for EBV-HLH

Kogawa et al. [18] reported that factors for poor prognosis were 7 days or more until
diagnosis, a neutrophil count of 1700/pL or higher, a prothrombin time/international
normalized ratio of 1.68 or higher, an activated partial thromboplastin time (aPTT)



13 Hemophagocytic Lymphohistiocytosis, Secondary 267

of 69 s or more, a total bilirubin (T.Bil) content of 1.8 mg/dL or higher, and lactate
dehydrogenase (LDH) level of 4310 IU/L or higher. Prognosis for cases with a T.Bil
of 1.8 mg/dL and higher and a ferritin level of 20,300 ng/mL or higher was espe-
cially poor. Another study reported that hyperbilirubinemia, hyperferritinemia, and
cerebrospinal fluid pleocytosis at diagnosis and thrombocytopenia and hyperferri-
tinemia 2 weeks after the initiation of treatment adversely affect the outcome of
HLH [20]. Imashuku et al. [21] reported that despite the high prevalence of abnor-
mal test findings that are found in EBV-HLH and are similar to those in tumors such
as EBV clonality, T-cell clonality, and chromosomal abnormality, only chromo-
somal abnormality can be a factor for poor prognosis. Another study in children and
adults with EBV-HLH reported that an adult age, EBV reactivation, and multidrug
chemotherapy were associated with a poor clinical outcome in patients with EB V-
HLH [2]. Although several clinical factors provide useful information for treatment
of EBV-HLH, a larger prospect study is needed.

13.5 Treatment for EBV-HLH and Prognosis

In FHL, etoposide is considered necessary in controlling the disease [22]. Imashuku
et al. [23] showed that the overall survival (OS) of the group that used etoposide
within 4 weeks of diagnosis reached 90% and that the early use of etoposide is a
prognostic factor (use within 4 weeks resulted in an OS of 90.2 + 6.9% and after
4 weeks resulted in an OS of 56.5 + 12.6%). Based on the above results, an 8-week
treatment with etoposide (HLH-94/HLH2004) has been used in EBV-HLH as the
standard treatment. However, other reports indicate that about half of the patients
with EBV-HLH can be treated without etoposide. Shiraishi et al. [24] reported that
14 out of 22 cases of EBV-HLH (64%) recovered without etoposide [24]. Those
cases that recovered without etoposide had a short period of fever prior to the treat-
ment or had significantly low LDH and sIL-2R values. In a retrospective national
survey, 37 out of 93 cases (40%) recovered from EBV-HLH without using etopo-
side. Three-year OS and event-free survival rates for all EBV-HLH cases were
91.2% and 79.3%, respectively, and there was no difference between etoposide and
non-etoposide groups [18]. Therefore, with an etoposide-containing regimen, care
should be taken to avoid overtreatment of some EBV-HLH patients. In addition,
onset of secondary leukemia has been reported in a case of EBV-HLH that was
treated with etoposide [25]; thus, minimizing the administration dose of etoposide
is a major challenge.

Allogeneic SCT has decreased the mortality in EBV-HLH patients, but there is
insufficient evidence to suggest that SCT is better than immunochemotherapy in
children with EBV-HLH [26]. When the toxicity is considered, HSCT should be
available only for EBV-HLH patients who relapse or show resistance to immuno-
chemotherapy. In one retrospective study, a total of 14 patients with EBV-HLH
underwent allogeneic SCT, including cord blood transplantation (CBT) in half of
the cases [27]. The 10-year OS was 85.7 + 9.4%, and the survival of CBT recipients
was >65%. However, SCT with myeloablative conditioning is associated with high
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transplantation-related mortality [28]. Recently, reduced-intensity conditioning,
which is less toxic and has a low incidence of long-term sequelae, has been used for
primary HLH. Further studies are needed to determine the optimal SCT regimen
and establish a comprehensive strategy for the cure of EBV-HLH.

Based on the hypothesis that the removal of EBV-infected B cells contribute to
an improved prognosis of EBV-HLH, B-cell targeting monoclonal antibody ritux-
imab may be another concept of treatment. Balamuth et al. [11] reported that adding
rituximab to the HLH-2004 treatment protocol improved the efficacy of the treat-
ment regimen. The EBV-HLH Rituximab Study Group [13] in the USA retrospec-
tively examined 42 cases of EBV-HLH in whom rituximab was administered. In 18
cases (43%), clinical symptoms improved, and EBV and ferritin levels significantly
decreased after the administration of rituximab; the survival rate was high in cases
that showed such a decrease. Rituximab may be a possible therapeutic option during
the course of therapy or at the end of initial therapy to remove proliferating EBV-
infected B cells.
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