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Midostaurin is an FMS-related tyrosine kinase 3 (FLT3) 
inhibitor commonly used for the treatment of FLT3 mutated 
acute myeloid leukemia (AML). This therapy is generally 
well tolerated, with known side effects including neutro-
penia, nausea, and headaches. Here, we describe the first 
human case of a probable new adverse drug reaction (ADR) 
with midostaurin in a patient with AML.

Case: A 77-year-old male presented to the emergency 
department with febrile neutropenia and headache. His rel-
evant medical history included recently diagnosed FLT3-
internal tandem duplication (ITD) AML (see the electronic 
supplementary material for medical history and co-medica-
tion). Initial cytoreductive treatment with hydroxyurea was 
started because of hyperleukocytosis (137 ×  109/L) and skin 
chloroma (extra medullary ‘solid’ manifestation of AML). 
The patient was counseled for further treatment options and 

deemed ineligible for intensive chemotherapy because of 
his age combined with an increased hematopoietic stem cell 
transplantation–comorbidity index (HCT-CI) score due to 
polymyalgia rheumatica and angina pectoris. At the time, 
standard treatment in The Netherlands for these patients was 
monotherapy with a hypomethylating agent (decitabine or 
azacitidine) as venetoclax was not yet registered. Addition-
ally, he was counseled for participation in the HOVON-155 
study, a randomized, phase 2 study to assess the tolerability 
and efficacy of adding midostaurin to decitabine in older, 
unfit, AML, and high-risk myelodysplasia patients [1]. 
He chose to participate in this study and was randomized 
to receive additional midostaurin next to decitabine. The 
HOVON-155 schedule encompasses cycles of 28 days, the 
first 5–10 days decitabine, directly followed by daily midos-
taurin until 2 days before the following cycle [1].

After three cycles, he achieved a minimal residual disease 
(MRD) negative complete remission (CR) in bone marrow 
and his skin chloroma regressed. Because he developed 
headaches from the end of the third cycle, accompanied by 
febrile neutropenia, he was admitted to the hospital. Midos-
taurin was (temporarily) discontinued because of a suspect 
time association between the headaches and initiation of 
midostaurin, headaches being a frequently reported side 
effect [2]. Moreover, the febrile neutropenia was empirically 
treated, and diagnostic workup was performed including a 
computed tomography (CT) chest scan, mini-bronchoalve-
olar lavage (mini-BAL), and lumbar puncture. This lum-
bar puncture revealed no significant abnormalities; how-
ever, two significant results were identified (see Table 1 for 
detailed results). First of all, the mini-BAL was positive for 
Epstein–Barr virus (EBV), triggering us to determine serum 
EBV load, which was remarkably elevated (> 100,000 IU/
mL) due to EBV reactivation (positive EBV viral capsid 
antigen IgG (VCA-IgG) and  Epstein-Barr nuclear antigen 
IgG (EBNA-IgG)). Secondly, a CT chest showed the inci-
dental finding of bilateral adrenal masses, new compared to 
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Table 1  Timeline of cycles and midostaurin exposure with results of abdominal imaging and endocrinology and hormonal assessment of adrenal 
mass

CT computed tomography, EBV Epstein–Barr virus, HU Hounsfield units, mini-BAL mini-bronchoalveolar lavage, NA not applicable
a Mini-BAL, all other cultures and RNA/DNA PCR for other pathogens were negative results: e.g., Chlamydophila pneumonia/psittaci, 

Chronological timeline

Time (days) Cycle Diagnostics

0 Initial presentation, start hydroxyurea
15 screening for HOVON-155 study
24 Cycle 1, day 1, start decitabine
29 Chest CT (indication: coughing and mild fever): No 

adrenal masses
34 Cycle 1, day 11, start midostaurin
53 Cycle 1, day 30, stop midostaurin
55 Cycle 2, day 1, start decitabine
65 Cycle 2, day 11, (re)start midostaurin
92 Cycle 2, day 38, Stop midostaurin
98 Cycle 3 (delayed), day 1, start decitabine
102 Cycle 3 premature end of decitabine (4 of 5 days 

completed, because of fever with neutropenia)
104 Cycle 3, day 7, start midostaurin
120 Admission with febrile neutropenia and headache Chest CT: New adrenal masses

Mini-BALa (EBV+) and lumbar puncture (no significant 
abnormalities)b

122 Cycle 3, day 25, stop midostaurin due to headache
125 EBV plasma load > 100,000 copies/mL
127 Dedicated abdominal CT:

Adrenal masses: Left: 40 mm × 24 mm; density without 
contrast 35 HU, after contrast fluid 61 HU, washout 
phase 55 HU, absolute washout 23%, relative washout 
10%. Right: 36 mm × 24 mm; density without contrast 
37 HU, after contrast fluid 70 HU, washout phase 57 
HU, absolute washout 39%, relative washout 19%c

129 EBV plasma load 67,000 copies/mL
140 EBV plasma load 1500 copies/mL
148 Abdominal CT: regression of adrenal masses: left: 

30 mm × 14 mm; right: 20 mm × 13 mm
149 EBV plasma load undetectable

Endocrinology and hormonal assessment of adrenal mass

Reference value Measured value

Cortisold < 50 nmol/L 118 nmol/L
3-Methoxythyramine (blood) < 0.10 nmol/L < 0.08 nmol/L
Aldosterone (blood)e 0.03–0.54 nmol/L < 0.03 nmol/L
Cortisol (blood) 250–650 nmol/L 118 nmol/L
Metanephrine (blood) < 0.45 nmol/L 0.08 nmol/L
Normetanephrine (blood) < 1.05 nmol/L 1.04 nmol/L
Renin activity (blood) 0–7.5 ng/mL/h 3.9 ng/mL/h
Volume (24-h urine) NA 2100 mL
Creatinine (24-h urine) 9.0–19.0 mmol/24 h 8.2 mmol/24 h
Metanephrine (24-h urine) < 1.52 µmol/24 h 0.42 µmol/24 h
Normetanephrine (24-h urine) < 2.96 μmol/24  hh 3.84 µmol/24 h
3-Methoxythyramine (24-h urine) < 2.75 µmol/24 h 2.81 µmol/24 h
Free cortisol (24-h urine)f 20–135 nmol/24 h 13 nmol/24 h
Cortisol (saliva)g < 5 nmol/L 1.2 nmol/L
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a CT chest 3–4 months earlier, which had been performed 
for the evaluation of coughing and fever (see Fig. 1 for the 
evolution of the adrenal masses over time).

At this point, our differential diagnosis of the bilateral 
adrenal masses included chloroma (although less likely 
given the reduction in skin chloroma and MRD negative 
CR state), EBV-associated adrenal tumors such as lym-
phoma, adrenocorticotropic hormone (ACTH) dependent 
adrenal hypertrophy, functioning adrenal adenoma or carci-
noma, or midostaurin-induced adrenal hypertrophy (previ-
ously observed in animal studies). A timely diagnosis was 
essential to rule out progressive disease and determine the 
eligibility of treatment continuation with midostaurin and 
decitabine.

To rule out adrenal adenoma, we performed a specific 
abdominal CT with contrast for washout. Here, the left adre-
nal gland had a size of 40 mm, with a density of 35 Houns-
field units (HU) before contrast, an absolute washout of 23%, 
and relative washout of 10%. The right gland had a size 
of 36 mm, a density of 37 HU before contrast, an absolute 
washout of 39%, and relative washout of 19%. These val-
ues argued against adrenal adenomas (for which we would 
expect an attenuation value of < 10 HU on unenhanced CT 
and higher rates of absolute and relative washout [3]).

Concomitantly, adrenal function tests were performed. 
As initial screening test for hypercortisolism, the overnight 
dexamethasone suppression test revealed a (minimal) insuf-
ficiently suppressed cortisol (see Table 1, endocrinological 
evaluation). Follow-up included midnight saliva cortisol and 

24-h urinalysis that excluded hypercortisolism. A pheochro-
mocytoma and hyperaldosteronism were improbable given 
the normal 24-h urine collection of metanephrines/catecho-
lamines and normal plasma metanephrines and aldosterone/
renin, respectively. Therefore, a functional adrenal adenoma 
was less likely.

To establish a definitive diagnosis, an endoscopic ultra-
sound (EUS)-guided fine-needle aspiration (FNA) was 
performed. Cytology of the left adrenal mass showed no 
signs of chloroma (blasts), adrenal carcinoma, lymphoma, 
or granuloma.

One week after EUS-guided FNA, the patient developed 
chest pain, located on the left dorsolateral chest. Regular 
evaluation with electrocardiogram (ECG) was unremarkable. 
Given the recent biopsy, a new CT was performed. This scan 
excluded adrenal bleeding, pulmonary embolism, or other 
complications. A remarkable observation was that the bilat-
eral adrenal masses were significantly reduced in size (see 
timeline, Table 1, Fig. 1 and Supplemental content Fig. 1).

Given the regression of the adrenal masses in the absence 
of anti-leukemic therapy together with the cytology results 
and endocrinological assessment, the only un-excluded diag-
nosis and thus most likely clinical diagnosis is midostaurin-
induced bilateral adrenal masses. When using the ADR 
probability scale/Naranjo algorithm [4], this ADR would 
be assessed as a “probable” ADR (see Supplemental content 
Table 2).

Given the possible benefit of midostaurin in our patient 
with FLT3-ITD AML and the asymptomatic nature of the 

Legionella pneumophila, Mycobacterium genus and tuberculosis, Mycoplasma pneumonia, Pneumocystis jiroveci, adenovirus, bocavirus, coro-
navirus,  Human metapneumovirus,  Herpes simplex virus type 1/2, influenza A/B, parainfluenza 1–4, rhinovirus/enterovirus,  Respiratory syn-
cytial virus, varicella-zoster virus, and  severe acute respiratory syndrome coronavirus 2 (2019)
b Lumbar puncture results: leucocyte count 3 × 10e6/L; erythrocyte count (liquor) 0 ×  106/L; glucose (liquor) 4.8  mmol/L; protein (liquor) 
266 mg/L; culture (liquor): no micro-organisms detectable; HSV type 1/2 DNA PCR (liquor) negative; varicella-zoster virus DNA PCR (liquor) 
negative
c Absolute washout: [(HUportal venous phase) –  (HUdelayed)]/[(HUportal venous phase) –  (HUnon-enhanced)] × 100; relative washout: 
[(HUportal venous phase) –  (HUdelayed)]/(HUportal venous phase) × 100
d Overnight dexamethasone suppression test, 1 mg dexamethasone 23.00 h the evening before, next day cortisol between 08.00 and 09.00. The 
result of the test is a not-completely suppressed (i.e., < 50 nmol/L) level of cortisol. However, this level is below 138 nmol/L (> 5 µg/dL); val-
ues > 138 following dexamethasone suppression suggest autonomous cortisol secretion. Values between 50 and 138 suggest possible autono-
mous cortisol secretion, and additional biochemical tests to confirm and assess the degree of cortisol secretion should be considered. Therefore, 
according to our local protocol, follow-up tests including a midnight saliva cortisol and 24-h urinalysis were performed. Both were completely 
normal. All results were discussed in a multidisciplinary expert team meeting. They concluded that endogenous or autonomous cortisol secretion 
could be excluded
e The undetectable plasma aldosterone level (< 0.03  nmol/L) is explained by the use of an angiotensin-II receptor blocker (valsartan). This 
reduces the aldosterone production in the adrenal glands and explains the suppressed aldosterone levels that could induce renin production. The 
use of an angiotensin-II receptor blocker is a (slight) limitation to the sensitivity of the aldosterone–renin ratio to exclude hyperaldosteronism 
(M. Conn), although the dose of angiotensin-II receptor blocker (valsartan) the patient used is low (40 mg)
f The 24-h free urinary cortisol level was low and could potentially suggest adrenal cortex deficiency. However, these relatively low cortisol val-
ues were not further analyzed in the absence of symptoms of Addison’s disease
g Midnight cortisol in saliva
h Reference values for normetanephrine (24-h urine) are age and sex specific. Here, we provided the reference value for males 60–69 years of 
age, as no specific reference values for patients ≥ 70 years of age are available from our laboratory

Table 1  (continued)
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Fig. 1  CT images of the adrenal masses. Window A (transversal 
plane) and window B (coronal plane): day 29, no adrenal masses on 
CT chest. Window C (transversal plane) and windows D and E (coro-
nal plane): day 127, dedicated abdominal CT with contrast medium 
washout; adrenal masses are indicated/outlined with a yellow line. 
Window F (transversal plane) and windows G and H (coronal plane): 
day 127, dedicated abdominal CT with contrast medium washout; 

adrenal masses are indicated/outlined with a yellow line and are 
regressing compared to day 127; for exact measurements, see Table 1. 
All CT images were aligned to show the largest adrenal diameters. 
Images at the ‘same level’ are sometimes difficult, as body positions 
differ. The images in our figure were selected/reviewed by a radiolo-
gist. CT computed tomography
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incidental finding and regression of the adrenal masses, we 
re-initiated therapy. Unfortunately, no evaluations of the 
adrenal masses were performed thereafter, as this was not 
clinically indicated. The patient successfully continued ther-
apy until AML relapse one and a half years after the initial 
diagnosis. He died shortly after due to a large intracerebral 
hemorrhage.

Midostaurin is a multi-targeted tyrosine kinase inhibitor 
(TKI) approved by the European Medicines Agency [2, 5] 
and US Food and Drug Administration (FDA) [6] for the 
treatment of patients with newly diagnosed FLT3 mutated 
AML combined with induction chemotherapy. This regis-
tration followed the promising results of the RATIFY trial, 
a phase 3 trial that evaluated addition of midostaurin to 
standard chemotherapy for AML with a FLT3 mutation [7]. 
In these patients, midostaurin prolonged overall and event-
free survival [7]. Common side effects include neutropenia 
and headache, as also occurred in our patient. In addition to 
these known side effects, we report a first case of appearing 
and regressing adrenal masses following the initiation and 
discontinuation of midostaurin in men.

Although adrenal mass formation has not been described 
or reported in men so far [8], adrenal exposition to midos-
taurin and effects on adrenal biology have been reported in 
pre-clinical studies. The amount of  [14C]midostaurin in rats, 
5 min after intravenous infusion, was 12–30 times higher 
in adrenal glands than in blood, as reported in the Euro-
pean Public Assessment Report (EPAR) [2]. Interestingly, 
not only adrenal disposition was substantial; cortical hyper-
trophy and dilated zona reticularis were also reported after 
exposition to midostaurin [2]. Likewise, an 18–31% increase 
in adrenal weight was observed in dogs at 26 weeks, with 
adrenal weight still being elevated at 12 months, reported 
in the FDA approval dossier of midostaurin [6]. This pro-
longed effect of adrenal weight in dogs at 12 months differs 
from our human case, given the regression of the masses 
following discontinuation. This is very rapid considering the 
extensive half-life of midostaurin and its active metabolites 
(up to 471 h) [2]. Moreover, the mechanism of how midos-
taurin influences adrenal biology or induces adrenal mass 
formation is still unclear [8]. The plausible role of midos-
taurin on adrenal biology further supported the presence of 
FLT3 receptors in cortical and medullary adrenal (canine) 
tissue [9]. Secondly, similar effects of high adrenal exposure 
and development of cortical hypertrophy and hyperplasia 
in rats, dogs, and monkeys were reported for quizartinib, a 
second-generation TKI developed for the treatment of FLT3 
mutated AML [10].

Alternative causes that could have induced these bilateral 
adrenal masses are less likely based on our diagnostic find-
ings; however, alternative etiology is inflammation caused 
by auto-immunopathies or infections. The most common 
adrenal infection is adrenal tuberculosis [11]. However, this 

is very unlikely, given the results of the FNA, which showed 
no signs of granulomas or necrosis, no suspect pulmonary 
lesions on previous chest imaging, and extensive diagnos-
tics on the mini-BAL (day 120), which was negative for 
Auramine O staining, Tuberculosis culture, mycobacterium 
tuberculosis DNA Polymerase chain reaction (PCR), and 
Mycobacterium genus DNA PCR. Besides a mycobacterial 
infection, viral infections such as EBV and cytomegalovirus 
can cause adrenalitis, especially and almost exclusively in 
patients with primary or secondary immunodeficiency disor-
ders [11]. Our patient experienced an EBV reactivation with 
an extremely high EBV load when his adrenal masses were 
identified. Moreover, due to his treatment, our patient had a 
secondary immunodeficiency disorder. However, we could 
not find cases in which adrenal masses were caused by an 
EBV infection, as a single diagnosis, without involvement 
of adrenal malignancy, chloroma, lymphoma, or metastasis. 
We did find reports of immunodeficient patients with adrenal 
masses and EBV (re)infections who presented with adre-
nal lymphoma, adrenal leiomyosarcoma, or smooth-muscle 
tumors [12–20]. In these cases, immunodeficiencies had a 
much longer duration (years compared to the very recent 
onset and short duration in our case), which combined with 
the FNA strongly argues against this etiology. In the course 
of our clinical workup, we considered this EBV reactivation 
and treatment with rituximab, but a spontaneous decline in 
EBV load from > 100,000 to 67,000 copies/mL within days 
and even further decrease to 1500 copies/mL the days there-
after let us decide to follow-up without treatment instead. 
Limitations of our report include choosing EUS-guided FNA 
(with a potential false negative rate for FNA of ± 10% for 
malignancy [21]) instead of biopsy, the latter also allowing 
the assessment of tissue histology and tests such as EBV 
PCR or EBV encoded RNA (EBER). However, we assessed 
percutaneous CT-guided histological biopsy as an interven-
tion with higher complication risks. Furthermore, no ACTH 
was measured to formally exclude (ectopic) ACTH-secreting 
paraneoplastic syndrome and ACTH-driven adrenal hyper-
trophy. Although not measured directly, this etiology seems 
unlikely given that ACTH-dependent adrenal hypertrophy 
would likely induce elevated values of cortisol (which were 
normal). Moreover, such etiology is not likely to regress 
spontaneously. Finally, a follow-up CT scan of the adrenal 
masses after restart of midostaurin (rechallenge) would have 
been very useful to evaluate the probability of this ADR.

Patients treated with midostaurin are at risk of developing 
febrile neutropenia, for which CTs are regularly performed. 
Adrenal incidentalomas (or bilateral adrenal masses) can be 
found and require subsequent analysis. This report underlines 
the importance of including midostaurin-induced bilateral 
adrenal masses in the differential diagnosis and determining 
serum EBV load/serology in such cases. The definitive clini-
cal diagnosis of midostaurin-induced bilateral adrenal masses 
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should only be diagnosed by exclusion of other causes. Given 
the possible benefit of the addition of midostaurin in our 
patient with FLT3-ITD AML and the asymptomatic nature of 
this incidental finding, we re-initiated therapy. The incidence, 
management, and long-term clinical relevance of FLT3 inhibi-
tors, including midostaurin, and their relation with adrenal 
masses and potential role of EBV infection needs further study.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40261- 022- 01186-y.
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