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Abstract: We report a case of a young patient suffering from very-high risk B-acute lymphoblastic
leukemia (ALL) refractory to first-line therapy with early central nervous system relapse, sequentially
treated with inotuzumab. At this timepoint, the patient showed persistent transfusion-refractory
thrombocytopenia (platelets < 5000/uL), fever and cytomegalovirus infection. A bone marrow reval-
uation showed complete remission of ALL, but hemophagocytic elements and activated macrophages
were present. At physical examination, the spleen was palpable. Blood chemistry showed hyper-
ferritinemia (1419 ng/mL, normal range 24-336), NK cells suppression (11 cells/microL, minimum
value 90) and IL-6 increase (119.1 pg/dL, normal values < 1.8). Triglycerides and fibrinogen were
normal. A diagnosis of hemophagocytic lymphohistiocytosis (HLH) was made according to HLH-
2004 criteria. The patient was treated with the IL-1 inhibitor anakinra at escalating dosage. After
an initial improvement in altered HLH parameters, a clinical worsening occurred with progressing
thrombocytopenia and anemia and a remarkable increase in ferritin (4066 ng/mL). The patient then
underwent rituximab-based salvage treatment but died due to HLH and B-ALL progression. HLH
could be a rare complication in ALL patients. Despite increasing biological knowledge, prognosis

remains poor, and more efforts are needed in order to improve survival in these patients.
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1. Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare disease of the immune sys-
tem, due to a disorder of the immunoregulatory-cell capacity. Additionally, known as
macrophage activation syndrome (MAS), it is characterized by a non-physiological prolif-
eration of T-lymphocytes and a marked activation of macrophages. These hyperactive cells
secrete high quantities of cytokines responsible for a potentially fatal hyperinflammatory
state if not promptly diagnosed and treated. Clinically, it occurs with persistent high
fever, hepatosplenomegaly, lymphadenopathy, hemorrhagic manifestations and neuro-
logical symptoms. Blood count and serology tests can include pancytopenia, coagulation
disorders, hypertriglyceridemia, hypofibrinogenemia and hyperferritinemia [1]. HLH
is in turn divided into primary and secondary. Primary or familial HLH is an inherited
disease, due to the mutation of a broad spectrum of genes [2-7], while secondary HLH is
associated with other diseases, including infections (in particular, cytomegalovirus and
Epstein Barr virus) [8], autoimmune diseases such as juvenile dermatomyositis, systemic
lupus erythematosus, systemic juvenile idiopathic arthritis, and Kawasaki disease [9],
immunodeficiencies [2] and hematological diseases [10]. Recognition of HLH and early
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treatment are important, as they are the key to improve the HLH-associated morbidity
and mortality.

Several authors have studied the association of HLH with cancer diseases, in par-
ticular hematological malignancies (malignancy-associated hemophagocytic syndrome,
MAHS) [11-14]. In particular, in a study based on patients with ALL [15], it was seen how
6 out of 971 patients developed hemophagocytic lymphohistiocytosis (T-ALL/MAHS) or
Langerhans cell histiocytosis (T-ALL/LCH) (approximately 0.03% of treated T-ALL/year).
Four patients developed MAHS and two LCH. All patients with MAHS showed multi-
organ involvement, while the LCH patients had only local disease. Only the LCH patients
survived, while the outcome was poor for patients with HLH. HLH in B-cell malignancies
is less common: there are few cases described in the literature of the association of these
conditions (especially with B-ALL), most of them in pediatric age [16].

2. Case Presentation

Here, we report a case of a 23-years-old male patient, native of Sri Lanka, affected by
very-high risk B-acute lymphoblastic leukemia (B-ALL). According to Bassan et al. [17],
the patient was enrolled in a GIMEMA trial with the usage of pediatric-like chemotherapy,
but was declared off-study early due to precocious extramedullary central nervous system
(CNS) relapse. In post-first induction bone-marrow revaluation, we reported complete
morphological and immunophenotypic remission, but minimal residual disease (MRD)
and the persistence of the localization of cerebrospinal fluid (CSF) disease, with associated
neurological symptoms, i.e., left sided hemiparesis, eradicated after repeated lumbar
punctures medicated with methotrexate (MTX), dexamethasone and Ara-C.

After the completion of the third consolidation cycle, based on high dose MTX and
Ara-C, neurological symptomatology reappeared, flow-cytometric analysis of cerebrospinal
fluid was again positive for leukemic cells. Bone marrow re-evaluation showed 8% of lym-
phoid blasts. The patient also developed a persistent thrombocytopenia (PLT < 5000/uL,
normal range > 150,000/uL), with relative normal values regarding hemoglobin (Hb) and
white blood cells (WBC), refractory to the transfusion support, notwithstanding the pres-
ence of megakaryocytes at bone marrow evaluation. In the hypothesis of immune-mediated
thrombocytopenia, he underwent steroid treatment followed by intravenous immunoglob-
ulins. Since refractoriness, we continued with eltrombopag at increasing dosages, but
without improvement of the platelet count. Considering the positivity at CNS for disease
localization and the positivity at flow-cytometry for CD22, the patient underwent treat-
ment with inotuzumab [18]. After one course of therapy, the patient showed an increase in
bilirubin (3.5 mg/dL, mainly direct, normal value 0.2 e 1.1 mg/dL), creating the suspicion
of inotuzumab-related hepatic sinusoidal obstruction syndrome (SOS) [19], which was not
confirmed on the following abdominal ultrasound exam and measurement of the hepatic
venous pressure gradient, with subsequent normalization of bilirubin values. During this
period, the patient developed an increasingly worsening fatigue and headache. On brain
computed tomography (CT) examination, a subdural hematoma was found and treatment
with steroids was promptly started. Cranial and spinal magnetic resonance imaging (MRI)
confirmed the occurrence of the subdural hematoma and central location of disease.

Since the low platelet count (fixed at 0/uL) did not respond to the aforementioned
therapies, cytomegalovirus (CMYV) reactivation was hypothesized. Indeed, in a study
involving 734 plasma samples from 95 patients affected by acute leukemia undergoing
chemotherapy, CMV was the most commonly detected virus in the different phases of
chemotherapy (19.4%), and this, together HHV-6 infection, may contribute to the devel-
opment of serious clinical manifestations with profound pancytopenia, pneumonia rash
and increased risk for bacterial and fungal co-infections [20]. The clinical suspicion was
confirmed by laboratory tests (5000 DNA copies); therefore, therapy with ganciclovir was
begun, which unfortunately did not have noteworthy results. Bone marrow aspiration was
performed for morphological and immunophenotypic evaluation, confirming the complete
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remission of the disease (even if with significantly reduced cellularity), but hemophagocytic
elements and activated macrophages were observed (Figure 1A-D).

1280 x 720 @ 1.5

Figure 1. (A-D) Evidence of hemophagocytic elements and activated macrophages observed in bone
marrow aspiration: macrophage with presence of phagocytized nucleated cells within the cytoplasm
(1) and, above all, platelets (2) (100 x magnification).

On physical abdominal examination, spleen was palpable. Blood chemistry tests
reported increased ferritinemia (1419 ng/mL), NK-cells were suppressed (11/uL, normal
range superior to 60/ulL), there was persistent pancytopenia (Hb 8.7 g/dL; neutrophils:
250/uL; PLT 0/ulL), IL-6 = 119.1 pg/dL (normal value 5-15 pg/mL), normal values of
triglycerides (94 mg/dL), fibrinogen (229 mg/dL) and other liver function tests were
normal. The EBV viral load was negative. According to the 2004 criteria of Histiocyte
Society [21], these signs and symptoms were diagnostic, thus, for hemophagocytic lympho-
histiocytosis (Table 1). The pathogenesis of HLH involves a state of hyperinflammation,
which leads to high levels of interleukin. It has been demonstrated that this is a determining
factor for both the transient decreased cytotoxic activities of NK cells and the granule exo-
cytosis. The primary mechanisms of HLH could be triggered by the elevated activities of
infective agents or autoimmune diseases, thus producing a prolonged immune-activation,
mainly by cytotoxic T-cells and macrophages. This dysfunction leads to hyperimmune
responses and a cytokine storm. Cytokines are protein molecules usually produced in
response to a stimulus, and induce new activities such as cells growth, differentiation
and death. The most important cytokines of these processes are interferon gamma (IFNy),
tumor necrosis factor-alpha (TNF-alpha), IL-2, IL-1, IL-6 and IL-18 [1].

Table 1. 2004 criteria of Histiocyte Society for HLH diagnosis.

2004 Criteria of Histiocyte Society for HLH Diagnosis (At Least 5 of the Following 8 Criteria)

(1)  Fever (peak temperature of >38.5 °C for >7 days)

(2)  Splenomegaly (spleen palpable >3 cm below costal margin)

(3) Cytopenia involving > 2 cell lines (hemoglobin < 9 g/dL, absolute neutrophil count < 100/mcL, platelets < 100,000/mcL)
(4) Hypertriglyceridemia (>177 mg/dL) or hypofibrinogenemia (fibrinogen < 150 mg/dL)

(5) Hemophagocytosis (in biopsy samples of bone marrow, spleen, or lymph nodes)

(6) Low or absent natural killer cell activity

(7)  Serum ferritin > 500 ng/mL

(8) Elevated soluble interleukin-2 (CD25) levels (>2400 U/mL or very high for age)
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HLH therapy, as already mentioned, must be set as soon as possible. Typically, the
first-line treatment consists in corticosteroids (CCS). A common first approach entails
high-dose pulse methylprednisolone (1 g/d for 3-5 consecutive days) [22]. When patients
are shown to have an insufficient immediate response, cyclosporine (CSA, 2-7 mg/kg per
day) may be added, along with IL-1 blocking therapy with anakinra. Lastly, in patients
with serious active disease or CNS implication, even if they are treated with steroids,
CSA, and/or anakinra, a smaller dose of etoposide (50-100 mg/m? once weekly) could be
efficient [23].

In our case, due to the non-responsiveness to high-dose corticosteroids, we asked
ourselves about the choice between etoposide and anakinra. Based on HLH management
guidelines that exist in the literature [21], considering the genesis attributable to CMV
infection and not specifically malignancy-associated (at this time blast clearance, with
complete morphological and flow-cytometer remission), in order not to further depress the
patient’s immune system, our choice was anakinra.

Anakinra, a recombinant IL-1 receptor antagonist, is currently approved by Agenzia
Italiana del Farmaco (AIFA) for the treatment of rheumatoid arthritis and neonatal-onset
multisystem inflammatory disease, and has been used to treat a variety of autoinflammatory
diseases [24]. An American study showed intravenous infusion of high dose anakinra
(from 0.25 mg/kg/h a maximum of 2 mg/kg/h) to successfully revert the cytokine storm
in four out of five patients [25]. As such, it appears that anakinra may be regarded as an
emerging effective choice of therapy in HLH therapy.

Therapy with anakinra in intravenous continuous infusion was administered for
3 days at the minimum dosage and subsequently increased, and gave initial laboratory
results: at day +7 from the beginning of the treatment, ferritin decreased to 1060 ng/mL, the
triglycerides remained at low limits, the WBC count increased to 7420/mmc (neutrophils
= 3050/mmc), the spleen’s size decreased slightly and the patient no longer had feverish
episodes. However, after this initial laboratory improvement in altered HLH parameters,
a clinical worsening occurred with progressing thrombocytopenia, anemia (minimum
limit 5 g/dL) and a remarkable increase in ferritin (4066 ng/mL). Additionally, the patient
underwent increasingly frequent episodes of epileptic seizures and a paresis of the upper
limbs, which subsequently also spread to the lower limbs, probably due to central location
of disease previously discussed and revaluated in control MRI, unfortunately not treatable
with lumbar punctures due to the persistent thrombocytopenia.

The patient then underwent rituximab-based salvage treatment but died due to MAS
progression on day +8 from the start of anakinra therapy.

3. Discussion and Conclusions

HLH in ALL patients is a rare and fatal condition requiring prompt diagnosis and
appropriate treatment with CCS or biological drugs. Anakinra is under the magnifying
glass at this time because of several trials evaluating the efficacy of this drug in patients
with COVID-19 infection (e.g., CORIMUNO-ANA) [26]. Anakinra is only approved for sub-
cutaneous administration, but intravenous therapy has been documented in several studies
in the scientific literature (e.g., Shakoory B et al. [27], Yang BB et al. [28], Clark SR et al. [29],
Mehta Puja et al. [30]). Our choice (continuous IV anakinra infusions in higher doses in
patients with HLH related to ALL-B) was based on Monteagudo et al. [25], according to
the evidence in four patients (out of five) that the rapid escalation of IL-1 inhibitor can
successfully reverse the cytokine storm responsible for the hyperinflammatory state, when
other modalities had failed. The anakinra infusion rate should be no less than 5 mL/h
and each bag should end at a maximum of 8 h, protecting the tubing from light. In our
experience, anakinra was administered for 3 days at minimum dosage and subsequently
increased at 1.5 mg/kg/h, with the aim of achieving the total maximum daily dose in a
period of approximately 3 weeks, until the disease was stable, changing, thus, the daily
administration of 100 mg of subcutaneous anakinra. Our purpose failed to decrease the
high quantities of cytokines, despite initial improvement in altered parameters, because
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of the principal cause of HLH (ALL-B disease with CNS localization was not curable).
Anakinra and other biological drugs have an extremely important and favorable role in the
treatment of MAS, but certainly, the current literature is limited and risk-benefit studies are
needed. The immediate recognition of MAS, however, is the key to favorable prognosis and,
according to recommendations of the Histiocyte Society, morphology plays a pivotal role in
assessing diagnosis and addressing the treatment, avoiding potentially fatal complications
for the patients.
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