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Background: Epstein–Barr virus-associated hemophagocytic lymphohistiocytosis (EBV-HLH) is a rare and aggressive disease with
high mortality and poor prognosis. To date, allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains the only way to
cure EBV-HLH. However, relapse of EBV-HLH after allo-HSCT is common and remains a major challenge.
Case Presentation: A 22-year-old woman with persistent fever for a month presented to our center with EBV-HLH. After induction
of remission using two cycles of the L-DEP (PEG-aspargase, liposomal doxorubicin, etoposide, and high-dose methylprednisolone)
regimen, the patient underwent an human leukocyte antigen (HLA)-identical sibling allo-HSCT. However, she experienced disease
relapse soon after the procedure, and none of the possible treatment options achieved a sustained response. Finally, she received
a sintilimab injection and achieved complete resolution of EBV-HLH.
Conclusion:We summarize a case of relapsed EBV-HLH after allo-HSCT that was successfully treated with a programmed cell death
protein-1 (PD-1) antibody. Further studies are needed to determine whether PD-1 blockade has therapeutic potential for relapsed EBV-
HLH after allo-HSCT.
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Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening condition characterized by uncontrolled activation of
immunocytes, resulting in excessive release of inflammatory cytokines. HLH can be divided into primary HLH and secondary
HLH based on the presence or absence of underlying genetic defects. Common triggers of secondary HLH include infections,
malignancies, and autoimmune diseases. Epstein–Barr virus (EBV) infection has been reported to account for approximately
70% of infection-related HLH, especially in the Asian population.1 In EBV-associated HLH (EBV-HLH), EBV infects T cells
more often than it does natural killer (NK) cells and drives abnormal proliferation of T/NK-cell lineages.2 According to
previous studies, EBV-HLH is a rare and aggressive disease with high mortality and poor prognosis in adults and adolescents
with a 1-year survival rate of less than 30%.3,4

There is currently no unified evidence-based treatment for EBV-HLH in adults. The HLH-94 and HLH-04 regimens
are most commonly used; however, approximately 30% of patients remain unresponsive.5,6 In adults and adolescents
with refractory or relapsed EBV-HLH, the remission rate with HLH-94/HLH-04 regimens was only 46.43%.3 Alternative
regimens, such as DEP (liposomal doxorubicin, etoposide, and high-dose methylprednisolone) and L-DEP (PEG-
aspargase, liposomal doxorubicin, etoposide, and high-dose methylprednisolone), are proven to be effective, with an
overall response rate of 72.7%–85.7%.7,8 Interestingly, it has been observed that the expression of programmed death
protein-1 (PD-1) increased on the surface of CD8+ T cells, and PD-1 blockade immunotherapy could restore T-cell
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immune function in EBV-HLH patients.9 To date, allogeneic hematopoietic stem cell transplantation (allo-HSCT)
remains the only way to cure EBV-HLH.3 Thus, relapse of EBV-HLH after allo-HSCT is a clinical dilemma, and
there have been no large-scale studies with respect to corresponding treatments.

Case Report
A 22-year-old woman with persistent fever for one month was admitted to our center on November 20, 2020. She was
heavily treated with antibiotics before admission. Otherwise, the patient was previously considered healthy. Her routine
work-up showed cytopenia in three lineages, hepatic insufficiency, increased levels of serum ferritin, elevated levels of
soluble CD25 (sCD25), hepatomegaly, splenomegaly, and hemophagocytosis in the bone marrow. According to the HLH-
2004 criteria, the patient was diagnosed with hemophagocytic lymphohistiocytosis. Further analysis of the underlying
triggers revealed EBV infection, and there was no evidence of underlying immunodeficiency. Peripheral lymphocytes
were sorted by flow cytometry, and quantitative polymerase chain reaction was performed on the sorted cells. The patient
was confirmed to have EBV-HLH involving the NK cell lineage. After two cycles of L-DEP chemotherapy, the patient
achieved complete remission of HLH. She underwent an HLA-identical sibling allo-HSCT using a VP16 + TBI/Cy
conditioning regimen. Graft-versus-host disease (GVHD) prophylaxis included cyclosporine A (CsA), a short course of
methotrexate, and mycophenolate mofetil. Both white blood cell (WBC) and platelet (PLT) engraftment occurred 11 days
after allo-HSCT. EBV-DNA levels in the patient’s peripheral blood mononuclear cells (PBMCs) and plasma were
monitored regularly and remained negative.

The EBV-DNA level in the patient’s PBMCs rose to 5.8×102 copies/mL 43 days after transplantation, whereas the
EBV-DNA level in the patient’s plasma remained negative (<5.0×102 copies/mL). To eliminate EBV, the dosage of CsA
was gradually tapered. The EBV-DNA level in the patient’s plasma and PBMCs rose to 9.9×102 copies/mL and 4.9×103

copies/mL, respectively, 53 days after transplantation. The patient developed intermittent fever and nausea without
superficial lymph node enlargement. Further analysis demonstrated that EBV infection mainly involves the B cell
lineage, without evident clonal B cell populations. Rituximab was administered intravenously at a dosage of 375 mg/
m2. However, the EBV-DNA levels in PBMCs and plasma continued to rise, and EBV infection mainly involved the
NK cell lineage, which indicated recurrence of the primary disease. Chimerism status was monitored regularly using
polymerase chain reaction amplification of short tandem repeats, and the patient remained in complete donor
chimerism.

The patient’s condition developed rapidly, presenting with high fever, nausea, hepatic insufficiency, cytopenia of two
lineages, and elevated levels of ferritin and sCD25, 60 days after the procedure. We administered ruxolitinib (a selective
inhibitor of Janus kinase 1 and 2) 10 mg twice daily to control the hyperinflammatory state, followed by donor
lymphocyte infusion (DLI) 67 days after transplantation. After DLI, significant improvements in clinical and laboratory
manifestations were observed; however, EBV-DNA levels in the patient’s PBMCs and plasma remained positive.

The patient showed signs of HLH recurrence again 81 days after transplantation and received two cycles of the DEP
regimen in combination with DLI. However, the patient still experienced another episode of HLH recurrence during
chemotherapy. The EBV-DNA level in the patient’s PBMCs was 6.1×103 copies/mL 101 days after transplantation,
whereas the EBV-DNA level in the patient’s plasma was 4.3×104 copies/mL. As a last resort, sintilimab (a PD-1
monoclonal antibody; Suchow Xinda Biotechnology Co. Ltd., Suchow, China) was administered intravenously at a dose
of 2 mg/kg on day 104. The patient’s fever, cytopenia, elevated liver enzymes, and increased serum ferritin and sCD25
levels returned to normal ranges. EBV-DNA levels in the patient’s PBMCs and plasma tested negative soon after
sintilimab injection. An additional cycle of sintilimab was administered intravenously on day 118. The changes in EBV-
DNA load throughout the treatment are shown in Figure 1. Changes in WBC and PLT counts and ferritin, sCD25, and
alanine aminotransferase levels are shown in Figure 2.

The patient experienced occasional skin rashes, gastrointestinal infections, and pneumonia during follow-up, which
were all controllable with anti-GVHD and anti-infective drugs. EBV-DNA levels in the PBMCs and plasma were
monitored regularly and remained negative. Eight months after transplantation, the patient developed severe pneumonia,
and blood culture confirmed Escherichia coli infection. Unfortunately, the patient discontinued treatment for financial
reasons and eventually died.
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Figure 1 Changes in Epstein–Barr virus-deoxyribonucleic acid load in peripheral blood mononuclear cells and plasma throughout treatment.

Figure 2 Changes in white blood cell and platelet counts and ferritin, soluble CD25, and alanine transaminase levels throughout treatment. (A) Ferritin level; (B) soluble
CD25 level; (C) white blood cell count; (D) platelet count; (E) alanine transaminase level.
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Discussion
EBV is a double-stranded DNA virus that infects more than 90% of the world’s population. EBV cannot be eliminated
from the body in cases of immunodeficiency. Active replication of EBV releases antigens that stimulate the immune
system, causing excessive production of inflammatory cytokines and overactivation of immunocytes, which eventually
leads to HLH.10 It accounts for approximately 70% of infection-related HLH, especially in the Asian population. EBV-
HLH is a rare and aggressive disease with a high mortality rate and poor prognosis. Currently, the only way to eliminate
EBV infection and improve the long-term survival of EBV-HLH patients is allo-HSCT. According to Gooptu et al,11 allo-
HSCT using a reduced intensity regimen in combination with alemtuzumab (anti-CD-52 monoclonal antibody) achieved
a favorable 3-year overall survival (OS) rate of 75% in adults with HLH, whereas another retrospective study of 87 adult
HLH patients who underwent allo-HSCT revealed 3- and 5-year OS rate in 44% of the patients.12 Relapse of EBV-HLH
after allo-HSCT is common and practically irremediable. It has been reported that all relapses are fatal.12

Recent studies have revealed that PD-1 is expressed on the surface of antigen-activated T cells in the setting of tumor
or chronic viral infection.13 Interactions between PD-1 and PD-L1 transmit inhibitory signals to activated CD8+ T cells,
which eventually leads to T-cell exhaustion. Hence, PD-1 blockade can restore the function of activated CD8+ T cells.14

Currently, PD-1/PD-L1 blockade is being used to treat hematological malignancies. According to recent studies, PD-1
blockade therapy has resulted in an overall response rates of 65.6%–71% in refractory and relapsed Hodgkin lymphoma
(HL)15 and could also be a salvage treatment for EBV-positive non-Hodgkin lymphoma, especially for relapsed or
refractory NK/T-cell lymphoma. PD-1 blockade has been reported to restore T-cell immune function in EBV-HLH

Figure 3 Changes in the donor T cell immune response monitored by enzyme-linked immunosorbent spot analysis before and after sintilimab injection.
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patients.9 Interestingly, PD-1 blockade therapy could also improve the outcome of HL patients relapsing after allo-HSCT
with a 1-year OS of 78.7%, and PD-1 blockade-associated GVHD occurred in 30% of all cases and remained responsive
to conventional anti-GVHD treatments.16 However, PD-1 blockade was also reported to be associated with an elevated
incidence of GVHD.17 Moreover, several secondary HLH cases due to PD-1 inhibition have been documented in patients
with solid tumors.18

In this case, the patient relapsed soon after HLA-identical allo-HSCT and none of the conventional treatment options
achieved a sustained response. As a last resort, sintilimab (a PD-1 monoclonal antibody) was administered, and EBV-DNA
levels in the patient’s PBMCs and plasma rapidly became negative. Further enzyme-linked immunosorbent spot analysis
revealed a significant improvement in the donor T cell immune response (Figure 3). As a result, EBV infection in the host
was eliminated and hemophagocytic lymphohistiocytosis resolved. However, the efficacy, safety, underlying mechanism,
indication, dosage, and timing of PD-1 blockade immunotherapy require further investigation in transplantation settings.

In conclusion, we report a case of relapsed EBV-HLH after allo-HSCT that was successfully controlled using PD-1
antibody. However, further studies are needed to determine whether PD-1 blockade has therapeutic potential for relapsed
EBV-HLH after allo-HSCT.
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