Gilteritinib-induced severe immune-related enteritis: a possible case report
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What is already known about this subject:
1. Gilteritinib is currently approved for relapsed/refractory FLT3-mutated AML. 

2. There was no clinical report on severe enteritis characterized by bloody stools mixed with mucus induced by gilteritinib, likely due to its recent onset of use. 

What this study adds:
1. This is the first report on a possible case of gilteritinib-induced enteritis characterized by bloody stools mixed with mucus, and it is a rare ADR associated with the use of gilteritinib.
2. This case report will help physicians to keep vigilant, and detect and deal with timely for the possible ADR of severe enteritis induced by gilteritinib.

Abstract:
This case report describes a 49-year-old woman who diagnosed with acute myeloid leukaemia (AML) harbouring FMS-like tyrosine kinase 3 (FLT3) mutations developed a severe suspected immune-related enteritis during treatment with gilteritinib for maintenance therapy following allo-hematopoietic stem cell transplantation (HSCT). According to the results of Naranjo probability scale, gilteritinib was defined as a ‘possible’ cause of the adverse drug reaction (ADR). Another suspicious inducement, graft-versus-host disease (GVHD), can not be eluted might represent a limitation in this case. To the best of our knowledge, this is the first report on gilteritinib-induced severe enteritis, and will help physicians to keep vigilant, and detect and deal with timely for the possible ADR.
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Introduction
Acute myeloid leukemia (AML) is an aggressive hematologic malignancy characterized by an array of possible cytogenetic or chromosomal aberrations. One of the most frequently identified molecular genetic alterations is FMS like tyrosine kinase 3 internal tandem duplication (FLT3- ITD), which significantly worse the outcomes of patients when mutant-to-wild-type allelic ratio > 0.5 Antar et al 2020


( ADDIN EN.CITE )
. In the last few years, several FLT3 inhibitors (mainly midostaurin, sorafenib and gilteritinib) have been developed and are increasingly becoming the promising new molecular therapeutics for newly diagnosed and relapsed/refractory FLT3-mutated AML Antar et al 2020


( ADDIN EN.CITE )
. Moreover, these FLT3 inhibitors also seem effective in improving outcomes when used as maintenance therapy after allo-hematopoietic stem cell transplantation (HSCT) in patients with FLT3-ITD AML Antar et al 2020


( ADDIN EN.CITE )
.

Gilteritinib, a relative specific FLT3 inhibitor, is currently approved in China for relapsed/refractory FLT3-mutated AML. In addition to the approved indication, several phase 1-3 studies of gilteritinib as front-line therapy in newly diagnosed FLT3-mutated AML or maintenance therapy following allo-HSCT are completed or ongoing Dhillon 2019()
. Thus, off-label use of gilteritinib is frequently considered in clinic practices. The most common side effects with gilteritinib were myalgia/arthralgia, increased levels of transaminases, fatigue/malaise, fever, non-infectious diarrhoea, dyspnoea, oedema, rash, pneumonia, etc. Dhillon 2019()
. However, severe enteritis with blood and mucous in the stool induced by gilteritinib has not been reported till date.
In this report, we described a case of severe enteritis possibly induced by gilteritinib in a FLT3-mutated AML patient after allo-HSCT.
Case Report/Presentation
A 49-year-old woman was diagnosed with AML in February 2021. She had a history of hepatic cyst and denied hypertension, diabetes, heart disease etc. FLT3-ITD mutation (ITD/wt ratio>0.5), nucleophosmin 1 (NPM1) mutation (46.6%), and DNA (cytosine-5)-methyltransferase 3A (DNMT3A) mutation (43%) were detected at diagnosis. The patient was treated by an induction cycle of idarubicin, cytarabine, etoposide (IAE) chemotherapy; following consolidation treatment consisted of idarubicin and cytarabine (IA) chemotherapy. Sorafenib 400mg q12h daily, continuously, was added to IA chemotherapy. Unfortunately, occurrence of a severe dermal toxicity discontinued the sorafenib therapy. In August 2021, the patient underwent allo-HSCT from a human leukocyte antigen (HLA)-matched sibling donor, followed by prophylactic administration of cyclosporine A (CsA) for graft-versus-host disease (GVHD), valaciclovir for virus infection, posaconazole for fungal infection, trimethoprim/sulfamethoxazole for Pneumocystis carinii pneumonia (PCP) and ursodeoxycholic acid for veno-occlusive disease of the liver (VOD). The transplantation process and engraftment were succeeded.
In September 2021, the patient was negative for minimal residual disease (MRD) and FLT3-ITD, which were verified through flow cytometry (FCM) and capillary electrophoresis, respectively. From September 26, gilteritinib monotherapy was initiated at 80 mg QD for maintenance therapy. Haemogram of patient was normal during the gilteritinib treatment. Until November 1, 2021, however, a severe illness characterized by bloody stools mixed with mucus appeared. Gilteritinib was interrupted immediately. Concurrently, the patient received daily intravenous infusion of etamsylate 1 g and oral lyophilizing thrombin powder 2000 IU QID to stop bleeding. After a few days of symptomatic treatment, the patient obviously improved. Yet, there was still a small amount of bloody mucosa in the stool. On November 9, 2021, enteroscopy showed that multiple, protuberant, erosive lesion with a layer of purulent whitish plaques in the cecum and colon (50 cm away from the anus). Histopathological examination demonstrated that chronic active inflammation of mucous with necrosis and erosion in cecum, chronic inflammation of mucous in colon, and chronic inflammation of mucous with small focal necrosis and erosion in rectum. The possibility of drug-induced immune-related enteritis was considered, and then the patient started treatment with 40mg methylprednisolone daily. This treatment improved symptoms completely and her stools returned to normal soon afterwards. Methylprednisolone was tapered off ensued. Subsequently, the patient was discharged. Some crucial laboratory test results of the patient were displayed in Table 1, and the detailed medications of the patient were shown in Figure 1. On December 22, 2021, a second test of endoscope was performed and results showed that the mucosa of colon and rectum scatteredly presented with hyperemia and shallow ulceration, indicating that it is greatly improved than the last one (Figure 2). In accordance with patient’s wishes and doctor's advice, the gilteritinib therapy was permanently discontinued. Expectedly, similar intestine lesion didn't happen again.
Discussion
Severe, but uncommon side effects reported with the use of gilteritinib include febrile neutropenia and sepsis, posterior reversible encephalopathy syndrome, QT prolongation, pancreatitis, and so forth Dhillon 2019()
. Surprisingly, we did not find any clinical report on inflammatory bowel disease caused by gilteritinib, likely due to its recent onset of use. To the best of our knowledge, this is the first report on gilteritinib-induced enteritis characterized by bloody stools mixed with mucus, and it is a rare adverse drug reaction (ADR) associated with the use of gilteritinib. To categorize the suspected ADR, in this case, Naranjo probability scale was applied Naranjo et al 1981()
. The Naranjo scale score of 3 was obtained (Table S1 in the Supporting Information), indicating a possible gilteritinib-induced ADR.
A previous study has demonstrated that the reduction of FLT3 and FLT3-ligand expression may possibly induce colonic immunoregulatory imbalance between CD103+MHCII+ dendritic cells (DCs) and CD4+CD25+FoxP3+ regulatory T cells (T-regs) in dextran sulphate sodium-induced colitis, which suggesting that FLT3/FLT3 ligand participates in the pathogenesis of ulcerative colitis Mao et al 2014()
. Another study reported by Collins et al. identified that FLT3-ligand administration preferential expands CD103+ DCs, FoxP3+ T-regs in vivo and attenuates chronic murine ileitis Collins et al 2012


( ADDIN EN.CITE )
, further confirming that insufficient activation of FLT3 signaling is involved in the process of immune-related enteritis. These constitutes the solid theoretical basis of administrating gilteritinib, an inhibitor of FLT3, might cause an ADR of immune-related enteritis. Generally, immune-related enteritis is frequently observed with drugs like immune checkpoint inhibitor, and the median time to onset of toxicities is 6 weeks Schneider et al 2021


( ADDIN EN.CITE )
. Presenting symptoms related to these drug-induced immune-related enteritis may include abdominal pain, diarrhea, blood and mucous in the stool, etc. Schneider et al 2021


( ADDIN EN.CITE )
, and endoscopy often reveals areas of erythema, edema, erosion, ulceration, granularity, or bleeding Tan et al 2020()
. A more important characteristic of these immune-related enteritis is significant inflammatory features on mucosal biopsy revealed by histological examination Tan et al 2020()
. According to the time of onset and the clinical manifestation in our case, the ADR well matches the feature of drug-induced immune-related enteritis described above, and gilteritinib was postulated as the main cause. The estimated elimination half-life of gilteritinib is 113 hours James et al 2020


( ADDIN EN.CITE )
, which might an explanation for that gilteritinib interruption did not result in a rapid full recovery in the patient.
Nevertheless, a point worth noting is that gastrointestinal tract involvement is one of the main complications seen in the recipients of HSCT, and CMV gastroenteritis, intestinal GVHD and intestinal thrombotic microangiopathy (TMA) may arise during the early post engraftment period (days 31-100) Lee et al 2008()
. The possibilities of CMV gastroenteritis and intestinal TMA in our case could be reduced to the minimum degree for the evidence of CMV inclusion and microthrombi were not found in biopsy. Virus screening of blood indicated that negative for CMV and clinical or laboratory findings fail to meet the diagnostic criteria of transplant-associated TMA further remove the possibilities of CMV gastroenteritis and intestinal TMA. However, we can not rule out the existence of intestinal GVHD for it present with a broad spectrum of non-specific symptoms and may overlap with immune-related enteritis, especially in the case of GVHD is triggered or characterized by immune dysregulation just as it happened to immune-related enteritis. Moreover, a positive for E. coli and Enterococcus faecalis was detected in feces samples of the patient echo previous finding that GVHD is associated with loss of intestinal bacterial diversity and an expansion of 2 groups of bacteria: Gram-negative Enterobacteriales (including Escherichia, Klebsiella, and Enterobacter species) and Gram-positive Lactobacillales (including Lactobacillus, Enterococcus, and Streptococcus species) Peled et al 2016()
. Trough concentration of CsA was also found to be lower than the 150～250 ng/mL which was recommended by Chinese society of hematology for GVHD prophylaxis 2020()
. These increase the likelihood of an intestinal GVHD.  
Admittedly, the fact that there is no exact aetiological factor (gilteritinib or GVHD) was identified to responsible for the ADR might represent a limitation in this case report. Fortunately, corticosteroid is an effective mainstay treatment can manage both immune-related adverse events and GVHD 
 ADDIN EN.CITE 
(Naymagon et al 2017, Schneider et al 2021)
. Therefore, the patient was prescribed methylprednisolone properly and convalesced. In addition, the possibility of a drug-drug interaction between gilteritinib and combination as a cause of the ADR cannot be confirmed. Actually, immunomodulators such as CsA can cause a propensity to develop immune-mediated inflammation in the colonic mucosa Ghouri et al 2020()
, which may attain a synergy effect with gilteritinib.
Conclusion
Ultimately, we speculated the possibility of gilteritinib induced the ADR on the basis of the Naranjo scale result, even though another suspicious inducement, GVHD, can not be eluted. It is important that the physicians should be vigilant and aware of the possible ADR when prescribing gilteritinib.
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Table

Table 1. Laboratory test results of the patient.
	Date
	Samples
	Parameters

	Oct 31, 2021
	Blood
	WBC: 6.16×10^9/L; ANC: 2.71×10^9/L; HGB: 111.00g/L↓; PLT: 129×10^9/L

	
	
	Scr: 57.5umol/L; ALT: 39.40U/L; AST: 60.85U/L↑; TBil: 9.60umol/L

	
	
	K+: 4.21mmol/L; Na+: 139.2mmol/L; Ca2+: 2.19mmol/L; LDH: 873.0 U/L↑

	
	
	D-dimer: 4.97 mg/L↑; FDP: 20.5 mg/L↑

	
	Stool
	FOBT: negative (-)

	Nov 1, 2021
	Blood
	WBC: 4.59×10^9/L; ANC: 2.33×10^9/L; HGB: 97.00g/L↓; PLT: 103×10^9/L

	
	
	Trough concentration of CsA: 109.7ng/mL

	
	Urine
	Urine protein: weakly positive (±)

	Nov 2, 2021
	Stool
	FOBT: positive (+)

	Nov 4, 2021
	Blood
	Trough concentration of CsA: 131.2ng/mL

	
	Stool
	Germiculture: positive for E. coli (non-CRE) and Enterococcus faecalis (non-CRE)

	Nov 5, 2021
	Blood
	Germiculture: negative for aerobic and anaerobic bacteria

	
	
	Virus screening: negative for CMV and EBV 

	Nov 9, 2021
	Stool
	Fungal culture: negative for filamentous fungi and yeast


Abbreviation  WBC: white blood cell count; ANC: absolute neutrophil count; HGB: hemoglobin; Scr: serum creatinine; PLT: platelet count; ALT: alanine aminotransferase; AST: aspartic aminotransferase; TBil: total bilirubin; LDH: lactic dehydrogenase; FDP: ﬁbrinogen degradation product; FOBT: fecal occult blood test; CRE: carbapenem-resistant Enterobacterales; CMV: cytomegalovirus; EBV: Epstein-Barr virus
Figure legends
Figure 1. Detailed medications of the patient.
Figure 2. Endoscopic findings of the colon on November 9, 2021 (A) and December 22, 2021 (B).
Supporting Information
Table S1. The Naranjo’s causality assessment scale of adverse drug reaction.
	Please answer the following set of questions to assess the adverse drug reaction 
and give the appropriate score
	Yes
	No
	Do not    know
	Score

	Are there previous conclusive reports on this reaction?
	+1
	0
	0
	0

	Did the adverse event occur after the suspected drug was administered?
	+2
	-1
	0
	+2

	Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered?
	+1
	0
	0
	0

	Did the adverse reaction reappear when the drug was readministered?
	+2
	-1
	0
	0

	Are there alternative causes that could have on their own caused the reaction?
	-1
	+2
	0
	-1

	Did the reaction reappear when a placebo was given?
	-1
	+1
	0
	+1

	Was the blood detected in the blood or other fluids in concentrations known to be toxic?
	+1
	0
	0
	0

	Was the reaction more severe when the dose was increased or less severe when the dose was decreased?
	+1
	0
	0
	0

	Did the patient have a similar reaction to the same or similar drugs in any previous exposure?
	+1
	0
	0
	0

	Was the adverse event confirmed by any objective evidence?
	+1
	0
	0
	+1

	Total
	
	
	
	+3


Note  Score of probability category: Definite = 9 or greater, Probable = 5–8, Possible = 1–4 and Doubtful = 0.
