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Abstract: Engraftment syndrome (ES) is an early complication of hematopoietic stem cell transplantation (HSCT) characterized by 
fever and additional clinical manifestations including rash, diarrhea, lung infiltrates, weight gain, and neurological symptoms. Steroid- 
resistant ES following HSCT significantly affects the efficacy of transplantation and may even result in patient mortality. As ES 
essentially represents a cytokine storm induced by engrafted donor cells with interferon-gamma (IFN-γ) playing a central role, we 
hypothesized that emapalumab (an anti-IFN-γ monoclonal antibody) may be an effective approach to treat steroid-resistant ES. Here, 
we present a case report of a 14-year-old female patient who received a second haploidentical HSCT due to a relapse of acute myeloid 
leukemia. Nine days after the transplantation, the patient developed a fever and exhibited a poor response to antimicrobials 
(ceftazidime/avibactam). A few days later, the patient presented with a new-onset rash, weight gain, and impaired liver function, 
leading to a diagnosis of ES. Initial immunosuppressive (tacrolimus and mycophenolate mofetil) treatment failed to control the 
disease. On day 16 post-transplantation, the patient received two infusions of 50 mg of emapalumab. Following the initiation of 
emapalumab treatment, the patient’s fever returned to normal and ES was effectively controlled. This case report demonstrated that 
emapalumab had a possible efficacy for steroid-resistant ES and provided a novel therapeutic strategy to treat this clinical 
complication. 
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Introduction
Allogeneic hematopoietic stem cell transplantation (HSCT) is extensively used to manage various malignant and non- 
malignant hematological disorders because of its therapeutic potential and improved overall survival rates.1–3 

Engraftment syndrome (ES), an early complication of HSCT, is characterized by fever and additional clinical manifesta-
tions including rash, diarrhea, lung infiltrates, weight gain, and neurological symptoms.4 ES presents as a non-infectious 
fever with clinical features resembling acute graft-versus-host disease.5 Currently, glucocorticoid is the standard treat-
ment for ES, exhibiting an effective rate of approximately 80%.5,6 However, no treatment is currently established for 
patients resistant to steroids.7 Steroid-resistant ES following HSCT significantly affects the efficacy of transplantation 
and may even result in patient mortality.7,8 Consequently, there is an urgent demand for novel therapeutic strategies to 
effectively manage severe steroid-resistant ES.

ES essentially represents a cytokine storm induced by engrafting donor cells with interferon-gamma (IFN-γ) playing 
a central role. Therefore, blockade of IFN-γ may provide a therapeutic benefit. Previous studies have demonstrated 
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favorable disease control by emapalumab (an anti-IFN-γ monoclonal antibody) in hemophagocytic lymphohistiocytosis 
(HLH).9 Therefore, we hypothesized that emapalumab may be an effective approach to treat steroid-resistant ES. To the 
best of our knowledge, no reports have been published regarding the use of emapalumab in ES patients. In this study, we 
present a case of steroid-resistant severe ES occurring after haploidentical allogeneic hematopoietic HSCT (haplo-HSCT) 
, which was effectively controlled by emapalumab treatment.

Case Report
A 14-year-old female patient was diagnosed with acute myeloid leukemia (AML, M4) in June 2021 and received 
chemotherapy regimens followed by conditioning (decitabine, cytarabine, busulfan, cyclophosphamide, ATG, and 
semustine) and haplo-HSCT (HLA 8/10, B to O), achieving morphologic response with 0.14% of residual cells and 
30% of FLT3-ITD mutations. On post-transplantation day 259, the patient underwent disease relapse, prompting 
subsequent administration of chemotherapy, targeted therapy, and donor CD34+ stem cell boost, all of which yielded 
unsatisfactory outcomes. A second haplo-HSCT (HLA 6/10, B to O; CD34+ cells: 10.85×10^6/kg, unmanipulated) was 
conducted on March 28, 2023, following conditioning (venetoclax, gilteritinib, melphalan, busulfan, and PTCy).

For the second transplantation, we employed a combination of cyclophosphamide (50 mg/kg/d, +3 day, +4 day), 
cyclosporine (2 mg/kg/d, initiated from −1 day), and mycophenolate mofetil (MMF) (600 mg/m2/d, initiated from 
−1 day) as a preventive measure against graft-versus-host disease (GVHD). On day 9 post-transplantation, the patient 
presented with a fever accompanied by an increase in body temperature to 37.5 °C. Subsequently, on day 10, the dosages 
of tacrolimus and mycophenolate mofetil were increased. On day 11, the patient’s body temperature spiked to 39.4 °C, 
along with a slight elevation in the IFN-γ level (19.2 pg/mL), an elevated C-reactive protein (CRP) level (26.9 mg/L), 
significantly increased CXC motif chemokine ligand 9 (CXCL9) level (6391.03 pg/mL), and concurrent hepatic 
dysfunction. A full timeline presenting clinical presentations and treatments over time is shown in Figure 1.

Physical examination revealed newly developed erythematous and edematous lips, scattered erythematous rashes on 
the palms, face, and trunk, lower limb edema, and weight gain of 1.5 kg within 1 week. Antimicrobials (ceftazidime/ 
avibactam) proved ineffective, and blood culture yielded negative results, ruling out infectious fever. The onset of 
symptoms occurred prior to leukocyte engraftment, excluding acute graft-versus-host disease. On day 12, the patient 
presented with diarrhea (1000 mL/day) and new erythematous rashes on the palms, face, and trunk, accompanied by 
weight gain and liver dysfunction (ALT 95.5 U/L, AST 145.6 U/L). Oxygen saturation, renal function, and coagulation 
were normal and engraftment of white blood cell, hemoglobin, and platelet was not achieved.

The methylprednisolone dosage was increased to 4 mg/kg. Following the diagnostic criteria proposed by Spitzer 
et al,10 the patient was diagnosed with grade 2 acute ES due to persistent high body temperature, lack of response to 
glucocorticoid, presence of edema, and experiencing diarrhea. On day 13 and 18, the treatment regimen was augmented 
with 20 mg of anti-CD25 monoclonal antibody. However, the patient continued to experience fever exceeding 39 °C in 
the subsequent days. Cytokine analysis revealed a mild increase in IFN-γ which was demonstrated to lead to tissue 
damage according to previous literature.11 We were concerned that persistently high levels of inflammation and severe 
organ damage would occur if the increasing level of IFN-γ was not adequately controlled.

Consequently, the attending physician administered 50 mg of emapalumab on days 16 and 19. On day 20, the 
patient’s peak body temperature gradually decreased and ES symptoms were effectively controlled. Figure 2 illustrated 
the dynamic changes in inflammatory markers and body temperature. No significant adverse reactions were observed 
during emapalumab administration, and there were no indications of severe organ damage or any specific adverse 
events. Moreover, successful platelet engraftment was achieved on day 11, followed by successful white blood cell 
engraftment on day 14. Evaluation of bone marrow morphology and residual immunology revealed no abnormalities, 
confirming achievement of successful allogeneic hematopoietic stem cell transplantation with the second donor’s 
genotype exhibiting a chimerism rate of 100%. Subsequent follow-up after HSCT demonstrated maintenance of 
complete donor chimerism in the patient without any signs of graft-versus-host disease or organ dysfunction. 
Notably, inflammatory marker levels returned to normal, which was accompanied by complete recovery of the patient’s 
clinical symptoms.
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Figure 1 Timeline of clinical presentations and treatments of this patient.

Figure 2 Changes in clinical and laboratory parameters of this patient: (A) body temperature, (B) CRP, (C) IFN-γ, (D) CXCL9, (E) IL-6.
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Discussion
This case report highlights the potential efficacy of emapalumab, an IFN-γ-neutralizing antibody, as a promising treatment 
to control steroid-resistant ES in patients who undergo haplo-HSCT. In severe cases of ES after HSCT, which is challenging 
to manage, emapalumab treatment is a viable immunomodulatory approach. Subsequent to emapalumab infusion, the 
patient demonstrated a gradual reduction in body temperature, normalization of inflammatory markers, and alleviation of 
ES symptoms, indicating successful modulation of the inflammatory response and favorable clinical outcomes.

During HSCT, engraftment of donor cells is often accompanied by early immune reactions. These immune reactions, 
referred to as ES, typically occur between 4 days before neutrophil engraftment and 1 day after neutrophil 
engraftment.4,10,12 ES is a common complication in both autologous and allogeneic HSCT, which is characterized by 
a proinflammatory response that induces local and systemic endothelial damage. This damage is primarily caused by 
direct and indirect release of proinflammatory cytokines, including interleukin (IL)-1, IFN-γ, and tumor necrosis factor- 
alpha (TNF-α).11 ES manifests as various symptoms, such as non-infectious fever, maculopapular rash, weight gain, and 
non-cardiogenic pulmonary edema.11,13–16 In severe cases, ES can lead to multiple organ dysfunction and even 
mortality.4 The incidence of ES varies significantly with reported occurrence rates ranging from 5% to 79%.17,18 

Currently, glucocorticoid is the standard treatment for ES,5,6 achieving an efficacy rate of approximately 80%. 
However, for patients who do not respond to glucocorticoids, no definitive treatment option is available.7 Patients 
with severe ES, who are unresponsive to glucocorticoids and lack alternative treatment options, may eventually die.19

Although a skin biopsy was not performed on the patient, we did not consider the symptoms to be indicative of acute 
GVHD based on timing, as the rash appeared before the engraftment of white blood cells. However, we still used anti- 
CD25 antibody as a prophylactic treatment for GVHD. The symptoms of the patient, especially body temperature, had no 
significant improvement meaning the treatment against GVHD seemed not effective. ES pathogenesis primarily involves 
immune dysregulation, leading to aberrant proliferation of cytotoxic T cells.19–21 Subsequently, this process triggers 
a cytokine storm characterized by cytokines such as IL-1, IL-6, TNF-α, and IFN-γ with IFN-γ playing a pivotal role.11,22 

In this case, evaluation of IL-1 and IL-6 levels was conducted, revealing a normal IL-1 level and a slightly elevated IL-6 
level. Consequently, targeted therapies specific to these cytokines were not utilized.

HLH is a severe inflammatory reaction syndrome, and its pathogenesis arises from genetic or acquired immune 
regulatory dysfunction. Prolonged synapse time between cytotoxic lymphocytes lacking perforin or granule enzymes and 
target cells leads to excessive production of proinflammatory cytokines. Notably, cytokines such as IFN-γ augment the 
antigen-presenting ability of antigen-presenting cells, further stimulating T-cell activation and proliferation, thereby 
triggering the production of additional cytokines. Elevated cytokine levels ultimately culminate in extensive tissue 
damage and life-threatening hyperinflammatory syndrome.22–25 HLH pathogenesis is typically caused by the breakdown 
of negative feedback loops, resulting in sustained immune activation and perpetuation of high inflammatory states, 
known as cytokine storms. IFN-γ plays a critical role in HLH cytokine storms, because it activates the JAK-STAT 
pathway and regulates the inflammatory immune response.26–29 Emapalumab, which is primarily used for HLH treat-
ment, neutralizes IFN-γ to control cytokine storms and alleviate various organ damage. Considering the similarity in the 
pathogenesis of ES and HLH, where cytokine storms are pivotal mechanisms, we hypothesized that treatment at the 
cytokine level warranted consideration. By neutralizing IFN-γ, which is responsible for significant organ damage through 
an IFN-γ antagonist, treating ES can be realized, thereby enhancing the prognosis of transplant patients.

In the Phase 2/3 clinical trial of emapalumab, the initial dose was 1 mg/kg, administered twice weekly. 
Pharmacokinetic characteristics of emapalumab were affected by target-mediated drug disposition (TMDD) and the 
levels of IFN-γ in the body, leading to dose adjustments based on clinical and laboratory parameters during the trial.9 In 
this patient, a similar dose (50 mg for 31 kg body weight) was administrated twice a week. The rapid decrease in CXCL9 
concentration and significant improvement in clinical symptoms suggested effective neutralization of the target, leading 
to discontinuation of emapalumab. Currently, there are no established criteria for dosage in patients with ES, highlighting 
the need for further investigation and development of a specific protocol for emapalumab in this population through 
prospective studies.

CXCL9, a chemokine specifically induced by IFN-γ, selectively binds to CXC chemokine receptor 3 (CXCR3) on 
various immune cell types, including naïve T, Th1 CD4+ T, effector CD8+ T, NK, and NKT cells. This interaction 
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promotes the development of Th1 inflammation, a crucial immune response against pathogens. Notably, the serum 
CXCL9 level is a reliable indicator of IFN-γ production by organs, such as the liver and spleen, which are commonly 
targeted by inflammation.9,30 Unlike IFN-γ, which has a short half-life in blood, CXCL9 exhibits stability and can be 
easily quantified in serum, making it a valuable surrogate marker for the IFN-γ level in organs. Clinical evidence 
increasingly supports the utility of CXCL9 as a biomarker for IFN-γ production. Elevated levels of IFN-γ/CXCL9 not 
only contribute to liver damage and coagulation abnormalities, but also increase the risk of transplant failure.9

The conventional treatment of glucocorticoid aims to suppress lymphocytes to mitigate immune reactions. However, in 
cases of severe ES where steroid resistance and markedly elevated CXCL9 are present, no definitive treatment is currently 
available. Once ES is initiated, the production of downstream cytokines becomes a pivotal factor in causing organ damage. 
In addition to actively inhibiting lymphocytes to prevent further cytokine production, timely clearance of already produced 
cytokines is also crucial. Animal studies have demonstrated that inhibition of IFN-γ substantially reduces the severity of 
immune reactions.31 Building upon this discovery, we propose targeting cytokines as a starting point and neutralizing IFN-γ 
by introducing an IFN-γ antagonist. This approach aims to alleviate the inflammatory damage caused by the cytokine storm 
in ES and ultimately achieve control over steroid-resistant severe ES with significantly elevated CXCL9 levels.

In this case study, we observed a suboptimal response to conventional glucocorticoid in the patient, who subsequently 
developed severe ES. To address this, we employed early administration of emapalumab, an IFN-γ antagonist, as 
a therapy. The outcomes revealed a rapid reduction in body temperature, decreased levels of CXCL9, and effective 
control of ES. These findings align with the research conducted by Merli et al30 which suggested the safety of anti-IFN-γ 
monoclonal antibodies in patients who undergo a second hematopoietic stem cell transplantation, even those with 
generally poor treatment outcomes. Notably, no significant adverse reactions were observed in our case. Nevertheless, 
it is crucial to acknowledge that this report represents a single case, thereby necessitating caution in drawing definitive 
conclusions from these data. Furthermore, the application of emapalumab in patients with steroid-resistant ES remains 
relatively unexplored with limited available data.

Conclusion
In this critically ill patients with steroid-resistant ES, we have observed a substantial increase in the level of CXCL9, 
a chemokine indicating a high activity level of IFN-γ. In light of these findings, administration of emapalumab, 
a monoclonal antibody targeting IFN-γ, has emerged as a promising therapeutic strategy. The successful application 
emapalumab represents a significant breakthrough and a novel treatment for patients with refractory ES, who have 
exhibited an inadequate response to conventional glucocorticoid. This offers renewed hope for a subset of patients who 
are resistant to glucocorticoids. Moreover, by effectively managing severe graft reactions in a timely manner, we may be 
able to reduce the incidence of post-transplantation acute GVHD, thereby paving the way for subsequent treatments.

Abbreviations
CRP, C-reactive protein; CXCL9, CXC motif chemokine ligand 9; CXCR3, CXC chemokine receptor 3; ES, engraftment 
syndrome; GVHD, graft-versus-host disease; HLH, hemophagocytic lymphohistiocytosis; HSCT, hematopoietic stem cell 
transplantation; IFN-γ, interferon-gamma; IL, interleukin; MMF, mycophenolate mofetil; TNF-α, tumor necrosis factor-alpha.
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