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Midostaurin is the first oral fms-related tyrosine kinase 3 (FLT3) inhibitor to significantly extend survival for patients with FLT3 
mutated acute myeloid leukaemia (AML) in combination with standard chemotherapy. However, the optimum use of midostaurin 
in AML remains an active area of research, and a number of practical aspects require consideration when prescribing the agent. 

Midostaurin and its metabolites are both inhibitors and inducers for CYP3A, raising the potential for drug–drug interactions with CYP3A4 
modulators/CYP3A substrates such as antifungal agents. Also, while midostaurin has generally demonstrated good tolerability in clinical 
trials, including in high-risk patients and in the elderly, its use is associated with certain adverse events such as gastrointestinal toxicity and 
rash, which may require management (for example through the use of prophylactic antiemetics) and could be treatment-limiting in a minority 
of patients. However, overall, midostaurin represents an effective treatment for use in combination therapy in newly diagnosed patients with 
AML and an FLT3 mutation, and may be particularly useful for those unable to tolerate intensive induction therapy, such as the elderly.
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Acute myeloid leukaemia (AML) is a complex and heterogeneous disease characterised by 

a multitude of molecular abnormalities. Better understanding of the mutational landscape has 

resulted in the development of targeted treatments in the last decade.1,2 AML is the most common 

myeloid leukaemia in adults; the latest age-adjusted incidence rate of AML in the USA and 

Europe was 4.3 and 3.7 cases per 100,000, respectively.3,4 The European LeukemiaNet (ELN) risk 

classification recognises patients with good, intermediate and adverse risk profile.5 Overall, the 

5-year survival following a diagnosis of AML is around 20% across all risk categories.1 However, 

5-year survival following diagnosis is around 40% in patients aged 25–64 years but is only around 

5% in those aged ≥65 years.1 Since AML primarily affects older adults, this accounts for a huge 

number of years of life lost and represents a considerable therapeutic challenge.6

Treatment has not changed considerably in the last decades. Standard induction therapy for AML 

in patients tolerating intense treatment is typically a combination of an anthracycline (such as 

daunorubicin, idarabucin or mitoxantrone) and cytarabine (3+7), and sometimes the addition of 

etoposide.5,7,8 For patients not fit for intensive therapy, treatment should be individualised with 

patient and disease-specific characteristics taken into account. In elderly patients unsuitable for 

intensive therapy, either decitabine, azacytidine or low-dose cytarabine could be used as initial 

therapy.9–11 Despite intensive induction therapy, 10–40% of newly diagnosed patients with AML 

do not achieve a complete response and are, therefore, characterised as primary refractory.10 

After achieving complete response, intermediate and adverse-risk patients with AML are usually 

consolidated with an allogeneic stem cell transplantation (alloSCT).10,12 The latter is not commonly 

used in elderly patients or in those with significant comorbidities.6,13 Although some improvement 

in outcome has been achieved in the last decades, there is a high medical need to improve the 

outcomes for patients with AML. 

AML is a heterogeneous malignancy because it can be driven by many genetic and epigenetic 

lesions.14 Midostaurin, a multitargeted tyrosine kinase inhibitor with targets including fms-related 

tyrosine kinase 3 (FLT3) and the KIT mutation. It has demonstrated substantial clinical activity as a 

single agent or in combination with chemotherapy in patients with AML.15 Midostaurin has received 

regulatory approval for the treatment of newly diagnosed AML that is FLT3 mutation-positive, in 

combination with intensive standard chemotherapy,16 following the findings of the RATIFY phase III 

study.15,17 Midostaurin is the first oral FLT3 inhibitor to offer an extended survival for patients with 

FLT3-mutated AML. As a result, midostaurin is likely to become the standard of care for patients 

with mutations in the FLT3 and KIT genes. This article aims to provide an overview of the use of 

midostaurin in AML, as well as addressing some of the practical aspects associated with its use, 

including management of adverse effects and the potential for drug–drug interactions. 
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Overview of the use of midostaurin in acute 
myeloid leukaemia 
FLT3 is expressed in more than 80% of AML samples. Length mutations 

resulting from internal tandem duplication (ITD), which are associated 

with an adverse prognosis, are expressed in 20–25% of adult AML 

patients.18–20 AML patients with FLT3 ITD mutations have significantly 

poorer overall survival (OS) and disease-free survival, as compared 

with patients with wild-type FLT3.18 Higher rates of relapse and poor 

OS are largely dependent on the FLT3 ITD to wild-type allelic ratio. The 

ELN AML 2017 recommendations also take this ratio into account in 

order to assess the risk profile. The prognostic impact of FLT3 ITD is also 

affected by concurrent mutations, such as nucleophosmin 1.21 Also, 

other co-occurring mutations, for example in DMT3A, are changing the 

outcome of FLT3 ITD-mutated AMLs. Relapse during AML treatment can 

be associated with an increase in the FLT3 mutant allelic ratio frequency, 

which may result in resistance to FLT3 inhibitors such as midostaurin.22 

In addition to FLT3 ITD mutations, mutations in the tyrosine kinase domain 

(TKD) have been described in AML. FLT3 TKD mutations are present in 

5–8% of patients with AML,19,23 but, unlike FLT3 ITD mutations, appear to 

have little or no significant impact on disease prognosis.23

The addition of midostaurin to standard chemotherapy (induction and 

consolidation), plus 12 cycles as a single-agent maintenance therapy, has 

been shown to significantly prolong OS and event-free survival among 

patients with AML and an FLT3 mutation, independent of allelic ratio.15 

In RATIFY, compared with patients receiving standard chemotherapy 

plus placebo, those receiving chemotherapy plus midostaurin had 

significantly longer OS (74.7 versus 25.6 months, hazard ratio [HR] for 

death: 0.78; p=0.009) and event-free survival (8.2 versus 3.0 months, HR 

for event or death: 0.78; p=0.002).15 

In a recent post-hoc analysis, midostaurin reduced the cumulative 

incidence of relapse compared with placebo, irrespective of the definition 

of complete remission in analyses where transplant was not accounted 

for. When transplant was treated as a competing risk there was not a 

meaningful difference between the treatment arms, suggesting that 

transplant in complete response was also important in preventing 

relapse.17 Another recent post-hoc subset analysis of the RATIFY data 

examined the contribution of maintenance therapy with midostaurin to 

overall outcomes and found that midostaurin was well tolerated, but 

could not provide definitive conclusions on the impact of maintenance 

therapy. In part, this was due to over half of midostaurin-treated 

patients receiving alloSCT and therefore, as per protocol, not receiving 

maintenance therapy.24 However, the RADIUS study investigated the 

addition of midostaurin to standard of care in patients with AML and 

FLT3 ITD mutations after alloSCT, and found a 46% relative reduction 

in the risk of relapse with the addition of midostaurin at 18 months.25 

Similarly, an interim analysis of the AMLSG 16-10 study reported the 

addition of midostaurin as maintenance therapy after alloSCT or high-

dose cytarabine to be feasible and effective.26 

The optimum use of midostaurin in AML remains an active area of 

research. Numerous questions remain unanswered, including its use in 

combined treatment with other regimens (such as other anti-methylating 

agents, other anthracyclines and new drugs) and its use in other settings 

(e.g. after allogeneic haematopoietic stem cell transplantation [alloHSCT], 

core binding factor AML or non-mutated FLT3). A number of clinical 

trials are attempting to answer these questions. Current and upcoming 

investigations include a study on the use of midostaurin in patients with 

AML whose FLT3 mutant to wild type signal ratio is below the 0.05 clinical 

cut-off (ClinicalTrials.gov Identifier: NCT03512197);27 an assessment 

on the use of midostaurin in paediatric populations (ClinicalTrials.

gov Identifier: NCT03591510);28 further investigation into the efficacy 

and safety of midostaurin as a maintenance therapy in FLT3-mutated 

AML (ClinicalTrials.gov Identifier: NCT03280030);29 and assessment of 

variations on the standard midostaurin and chemotherapy regimen used 

in the RATIFY study (ClinicalTrials.gov Identifier: NCT03379727).30 Further 

optimisation of the standard chemotherapy regimen that midostaurin 

accompanies may be possible: in the RATIFY study, patients received 

daunorubicin at a dose of 60 mg/m2 body-surface area per day, but there 

is evidence that a higher dose of 90 mg/m2 may have additional benefits, 

particularly in those patients with FLT3 ITD mutations.6,31–33 Finally, ongoing 

real-world use will establish the long-term safety profile of midostaurin 

in AML, and clarify the currently unknown risk of off-target effects with 

long-term use of a multi-kinase inhibitor. Stroke is a theoretical concern; 

indeed, there have been reports that vascular endothelial growth 

factor (VEGF)-R2 inhibitors can produce unwanted side effects, such 

as intracranial bleeds in humans,34,35 and can worsen ischemic injury 

in neonatal rats.36 Fortunately, to date, stroke has not been reported in 

various studies investigating multi-kinase inhibitors.

Optimising midostaurin use
Prompt molecular testing for FLT3 ITD and TKD mutations is essential 

to initiate midostaurin as described in the product label.10,19 Every effort 

should be made to ensure fast turnaround times to achieve optimal 

results16,37 – the ELN currently recommends a turnaround time of  

48–72 hours for FLT3 tests and testing for both ITD and TKD mutations.6 

Molecular testing for FLT3 in parallel with cytogenetic testing could 

reduce the turnaround time for molecular diagnosis and ensure that all 

newly diagnosed patients receive an FLT3 test versus only cytogenetically 

normal patients.38 In RATIFY, patients were diagnosed on day 0 and 

started therapy with midostaurin on day 8.15 Therefore, a turnaround time 

for results to be received by the physician of 7 days or less is essential to 

optimise treatment benefit. Every effort should be made to stick to the 

dosing schedule in RATIFY and start midostaurin on day 8.15,16,37 Therefore, 

in cases when test results are not available by day 7, midostaurin should 

be started as soon as possible when FLT3 testing results are available and 

continued for 14 days of treatment up to 48 hours prior to the next cycle 

of chemotherapy.15 The standard induction regimen consists of 7 days of 

cytarabine plus 3 days of daunorubicin. The label recommends starting 

midostaurin on day 8 (i.e., one day after the last dose of cytarabine) of 

the first induction cycle and continuing until day 21 (Figure 1).37 However, 

some countries/regions regularly use other induction regimens.39–41

In a prior phase Ib (A2106) study, concomitant administration of 

midostaurin and chemotherapy had a worse safety profile than sequential 

administration of midostaurin after chemotherapy.42 In addition, the 

mean plasma concentration of daunorubicin 24 hours after the first dose 

was greater with concomitant midostaurin, suggesting the possibility 

of a pharmacokinetic interaction between the two compounds.42 Based 

on these results, in RATIFY, midostaurin was started 1 day after the 

end of chemotherapy (cytarabine) to avoid or limit overlapping toxicity. 

Midostaurin was stopped 1 week prior to the next chemotherapy cycle 

(either induction 2 or consolidation) to facilitate blood count recovery.15

Based on these data, the following dosing schedule for midostaurin 

might be appropriate for patients receiving alternative chemotherapy 

regimens. In some regions, 10+3 chemotherapy (10 days of cytarabine 

plus 3 days of an anthracycline) is commonly used.39,40 While the dosing 

schedule in RATIFY should be adhered to as closely as possible,15,16,37 for 

those patients receiving anthracycline through day 10, at the discretion of 

the treating physician, midostaurin can be started on day 11 and given for 
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14 days up to day 24 of that cycle. In some institutions, the 5+2 regimen  

(5 days of cytarabine plus 2 days of an anthracycline) is preferred.43 

In these instances, it is recommended to use midostaurin on days 8 

through 21 (14 days of treatment). If midostaurin is to be discontinued, 

the dose can be tapered or completely withdrawn, as preferred by the 

clinician, without the risk of a rebound effect.

Pharmacokinetics and pharmacodynamics of 
midostaurin
Midostaurin is administered with food at a dose of 50 mg twice daily 

in patients with FLT3 mutation-positive AML or 100 mg twice daily in 

patients with adult patients with aggressive systemic mastocytosis, 

systemic mastocytosis with associated haematological neoplasm, 

or mast cell leukaemia.16 The drug is rapidly absorbed after oral 

administration, with peak plasma concentrations observed at 1–3 hours 

following dosing (Table 1).16 After a radiolabelled midostaurin dose, the 

major circulating components in healthy volunteers were midostaurin 

(22.0%), and two active metabolites: CGP52421 (32.7%) and CGP62221 

(27.7%).44 The plasma concentrations of midostaurin and CGP62221 

accumulate in a time-linear manner in the first 3–6 days of daily oral 

dosing. Subsequently, the pharmacokinetics become nonlinear, with a 

large increase in bioavailability between day 5 and day 28 to reach a 

new steady state.45 Conversely, the longer-lasting metabolite, CGP52421, 

continues to accumulate to reach approximately seven times the 

concentration of midostaurin and CGP62221 at steady state.46,47 The 

metabolite CGP52421 may contribute a significant portion of the  

anti-leukaemic activity observed in patients receiving oral midostaurin.48 

A study in healthy volunteers found a high tissue distribution of the 

drug.46 It is not known whether midostaurin can cross the blood–

brain barrier in humans; however, in an investigation of the tissue 

distribution using quantitative whole-body autoradiography in rats after 

an intravenous or oral administration of 14C midostaurin, radioactivity 

from 14C midostaurin was taken up by the pituitary gland and crossed 

the blood–brain barrier. The highest 14C concentrations were seen in the 

frontal cortex.49 

Trough plasma concentrations (Cmin) of midostaurin and its metabolites 

reached stable levels after one cycle (28 days) of treatment in all dosing 

regimens.50 Midostaurin and its metabolites have a long plasma half-life 

that ranges from 20.3 hours for midostaurin, 495.0 hours for CGP52421, 

and 33.4 hours for CGP62221, based on studies in healthy volunteers.44 

Faecal excretion is the major pathway for the elimination of midostaurin, 

suggesting mainly hepatic metabolism, with minor renal clearance (4%).44 

There is no clinically significant prolongation of the corrected QT (QTc) 

interval or relationship between changes in QTc and concentrations for 

midostaurin and its active metabolites.16 To avoid or limit overlapping 

toxicity with chemotherapy, it is therefore important to ensure that 

there are at least 48 hours between stopping midostaurin and starting 

the next cycle of chemotherapy. The prolonged half-life of midostaurin 

and its metabolites have prompted investigations of alternative dosing 

strategies, including administering midostaurin in formulations to 

Table 1: Pharmacokinetic characteristics of midostaurin16

Time to max effect 1–3 hours

Elimination half-life 21 hours

Dosing 100 mg twice daily

Metabolism Hepatic

Figure 1: Schematic of the dosing schedule for the first induction cycle in combination with midostaurin30,32,37

7.3 induction regimen (per the SmPC)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Cytarabine 4 4 4 4 4 4 4

Anthracycline 4 4 4

Midostaurin 
50 mg twice daily

4 4 4 4 4 4 4 4 4 4 4 4 4 4

Alternative induction regimens

10+3 regimen

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Cytarabine 4 4 4 4 4 4 4 4 4 4

Anthracycline 4 4 4

Midostaurin 
50 mg twice daily

4 4 4 4 4 4 4 4 4 4 4 4 4 4

5+2 regimen

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Cytarabine 4 4 4 4 4

Anthracycline 4 4 4

Midostaurin 
50 mg twice daily

4 4 4 4 4 4 4 4 4 4 4 4 4 4

1–28 denotes the 28 days of the first induction cycle. 
SmPC = Summary of Product Characteristics. 
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circumvent plasma protein binding (e.g. gold nanoparticles), and high-

dose pulse dosing as an alternative to prolonged daily dosing.51,52

Plasma inhibitory activity is a useful surrogate assay for monitoring the 

efficacy of FLT3 inhibition in patients treated with oral FLT3 inhibitors. 

Midostaurin has been shown to inhibit FLT3 activity in tumour cells 

overexpressing FLT3 ITD (IC50, <10 nM) and FLT3 TKD (IC50, <10 nM), as 

well as in cells expressing endogenous levels of wild-type FLT3 (IC50, 

528 nM).53 In cultured AML blast progenitor cells expressing FLT3 ITD, 

midostaurin combined with decitabine was shown to result in greater 

levels of apoptosis than either agent alone.54

The efficacy of midostaurin in FLT3-driven myeloid disease was tested 

in a mouse model of FLT3 ITD-induced myeloproliferative disorder. 

Administration of midostaurin prolonged survival and decreased white 

blood cell count, myeloid hyperplasia, and spleen weight in mice 

transplanted with haematopoietic stem cells expressing FLT3 ITD.53 

Midostaurin is highly selective in terms of plasma inhibitory activity for 

FLT3, whereas CGP52421 is less selective and more cytotoxic against 

primary blast samples in vitro. This suggests that non-selectivity may 

constitute an important component of the cytotoxic effect of FLT3 

inhibitors in FLT3-mutant AML.48

Few renal or hepatic toxicities have been reported in clinical trials of 

midostaurin, although this might reflect the fact that eligibility criteria 

required adequate baseline renal and hepatic function. A current 

study is investigating the pharmacokinetics and safety of midostaurin 

in subjects with impaired hepatic function (ClinicalTrials.gov Identifier: 

NCT01429337).55

Drug–drug interactions and their impact on the 
pharmacokinetics of midostaurin
Cytochrome P450 (CYP3A4) is a major source of variability in drug 

pharmacokinetics and response.56 CYP3A4 is involved in the hepatic 

clearance of midostaurin, CGP52421 and CGP62221.44 Midostaurin, 

CGP52421 and CGP62221 are both inhibitors and inducers for CYP3A 

and, therefore, have the potential for drug–drug interactions with CYP3A4 

modulators/CYP3A substrates.44

In an analysis from the RATIFY trial, the CYP3A4 inhibitors administered 

most frequently were posaconazole and voriconazole.57 Strong CYP3A4 

inhibitors were used in 60.8%, 45.6% and 10.8% of patients during 

induction, consolidation and maintenance, respectively. This resulted in a 

1.44-fold increase in midostaurin exposure (Cmin) compared with patients 

not receiving strong CYP3A4 inhibitors (n=55 versus n=112, respectively). 

No effect was observed on levels of CGP62221 and CGP52421. This 

increase in midostaurin exposure was not associated with a notable 

increase in the rate of midostaurin-related adverse events. Exposure-

safety analyses showed that the time to occurrence of grade 3 or 4 

clinically notable adverse events was slightly shorter with increasing 

exposure, but this was considered acceptable. In addition, exposure-

response analyses found that a higher dose intensity was associated with 

greater effectiveness, in terms of complete response, event-free survival 

and OS. The investigators concluded that, although co-administration of 

midostaurin with strong CYP3A4 inhibitors without midostaurin dose 

adjustment, led to a balanced safety and efficacy profile in the RATIFY 

study, alternative medicinal products that do not strongly inhibit CYP3A4 

activity should be considered.57

A drug interaction study showed that co-administration of multiple doses 

of midostaurin (100 mg twice daily on days 1–2 and 50 mg twice daily 

on days 3–28) with itraconazole 100 mg given twice daily on days 22–28 

for 13 doses increased Cmin concentrations of midostaurin, CGP62221 

and CGP52421 on day 28 by 2.1-fold, 1.2-fold and 1.3-fold, respectively, 

compared with the respective day 21 Cmin concentrations with midostaurin 

alone.16 In three phase I studies of healthy volunteers, co-administration 

of the potent CYP3A4 inhibitor ketoconazole with midostaurin resulted 

in a ten-fold increase in midostaurin exposure (Figure 2), while induction 

of CYP3A4 by rifampicin decreased midostaurin exposure by more than 

ten-fold.46 Midostaurin, administered as a single dose or in multiple 

doses, did not appear to affect the concentrations of midazolam or its 

metabolite 1′-hydroxymidazolam. It may therefore be concluded that 

midostaurin does not appear to inhibit or induce CYP3A4 in vivo under 

current clinically relevant conditions. However, this study was unable 

to reach a conclusion for CGP62221 and CGP52421 because of their 

low exposure following a single dose or 4–5 days of daily midostaurin 

dosing.46 In another study, a dose reduction to 12.5% of the initial dose 

of midostaurin in case of co-medication with strong CYP3A4 inhibitors  

(e.g., posaconazole) did not affect response or outcome.26 

The US and European labels for midostaurin recommend considering 

alternative therapies that do not strongly inhibit CYP3A4 or monitoring for 

increased risk of adverse reactions. Alternatively, if co-administered with 

strong CYP3A inhibitors, monitor patients for increased risk of adverse 

reactions, especially during the first week of administration in each cycle 

of chemotherapy in patients with AML and avoid use of CYP3A4 inducers 

(Table 2).16,37 The product label for midostaurin does not give specific advice 

on prophylactic antibiotics/antifungals or dose reductions,16 because their 

impact was considered minimal. However, dose reduction should be 

considered in case of toxicity. In addition, grapefruit is a CYP3A inhibitor 

and, as such, should not be consumed with midostaurin.16  

Midostaurin, CGP52421 and CGP62221 inhibit CYP1A2, CYP2C8, CYP2C9, 

CYP2C19, CYP2D6 and CYP2E1, and induce CYP1A2, CYP2B6, CYP2C8, 

CYP2C9, CYP2C19 and CYP3A in vitro.16 Further study is warranted 

regarding potential interactions of midostaurin with these cytochrome 

SD = standard deviation. 
Reproduced with permission from Dutreix et al. 2013.46

Figure 2: Arithmetic means of the plasma concentration-
time profiles of midostaurin after oral administration of 
midostaurin 50 mg daily with placebo or ketoconazole  
400 mg daily to healthy volunteers46
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inhibitors/inducers. No other drug-drug interactions have been reported, 

although the US labelling instructions for midostaurin recommend 

interval assessments of QT by electrocardiogram if midostaurin is taken 

concurrently with medications that can prolong the QT interval.16 

How drug–drug interactions may impact patients 
taking midostaurin
Invasive fungal disease is a major complication in AML.58 Fluconazole has 

shown efficacy in preventing invasive candidiasis during AML remission 

induction therapy. However, fluconazole lacks activity against moulds, and 

resistance among Candida species to fluconazole is increasing. Instead, 

itraconazole, voriconazole and posaconazole are used for prophylaxis 

against infections caused by Candida species and moulds.59

Posaconazole is the most widely used agent for prophylaxis in AML.60 

It has been shown to give a significant survival and outcome benefit in 

prophylaxis during AML induction therapy.61 However, posaconazole 

is a strong CYP3A4 inhibitor, so, despite evidence showing that it does 

not impact the safety profile of midostaurin,57 should ideally be avoided 

with midostaurin.59 Similarly, other azole antifungal agents affect CYP3A4 

enzymatic activity and, hence, should not be used during midostaurin 

therapy.62 In an ongoing clinical trial (ClinicalTrials.gov Identifier: 

NCT02634827), the use of all azoles except fluconazole is discouraged in 

patients requiring treatment with antifungal antibiotics.63 However, in the 

case of proven or suspected invasive fungal infections, agents such as 

posaconazole may be necessary. Temporary cessation or dose reduction 

of midostaurin is one option in such instances, but in light of the evidence 

from the RATIFY study showing no notable increase in midostaurin-

related adverse events in patients treated with strong CYP3A4 inhibitors 

(including posaconazole) compared with those not receiving CYP3A4 

inhibitors,57 the recommended course of action is to continue midostaurin 

without dose modification whilst closely monitoring the patient for toxicity. 

Consensus general guidelines on the use of antifungals suggest 

minimising the risks of drug–drug interactions by clinical assessment, 

laboratory monitoring, avoidance of particular drug combinations, dose 

modification, optimal timing of oral drug administration in relation to 

meals, and use of pre-hydration and electrolyte supplementation if 

required.64 In addition, alternative agents for antifungal prophylaxis 

are being developed. For example, echinocandins, the newest class 

of antifungal agents, are poor substrates for CYP3A4 and include 

anidulafungin, caspofungin and micafungin.65 However, these novel 

antifungals are expensive and are not typically used as prophylaxis.66

Management of adverse events during 
midostaurin treatment 
Midostaurin has shown good tolerability among patients in the 

completed clinical trials to date.15,16 However, adverse reactions led to 

dose modifications (interruption or reduction) in 56% of patients and 

treatment discontinuation in 21%,16 and higher doses (100 mg twice 

daily) are associated with higher rates of discontinuation than lower 

doses (50 mg twice daily).42 The most frequent adverse reactions 

(>5%) were gastrointestinal symptoms, QT prolongation, neutropenia, 

pyrexia, thrombocytopenia, gastrointestinal haemorrhage, lipase 

increase and fatigue (Table 3).15 The adverse event profile may be 

altered when midostaurin is used in combination with agents other than 

conventional cytarabine and daunorubicin; for example, in combination 

with azacitidine or decitabine, rates of gastrointestinal and pulmonary 

toxicities may be increased.67

Awareness of these potential toxicities and regular monitoring is 

important.16 The European Medicines Agency (EMA) product label 

recommends dose interruptions in the case of grade 3/4 pulmonary 

infiltrates, other grade 3/4 non-haematological toxicities, QTc interval 

>500 ms, grade 4 neutropenia (absolute neutrophil count <0.5 x 109/l) and 

persistent grade 1/2 toxicity. A dose reduction to 50 mg once daily is also 

recommended if the QTc interval exceeds 470 ms but is ≤500 ms.37

Nausea has been reported in more than 80% of cases during treatment 

with midostaurin, although grade ≥3 nausea was reported in only a 

minority of patients (6%),16 although the effects of persistent grade 2 

nausea on patient quality of life should not be underestimated. As a 

result, the midostaurin labelling indications recommend administration 

of prophylactic antiemetics before treatment to decrease the risks 

of nausea and vomiting.16 In clinical studies, nausea and vomiting 

were generally managed with antiemetics. There are no specific 

recommendations on antiemetics to use alongside midostaurin 

although guidelines for antiemetic use are available in Europe and 

the US.68,69 If grade 3–4 nausea and/or vomiting occurs despite optimal 

antiemetic therapy, midostaurin dosing should be interrupted for 3 

days (6 doses), then resumed at 50 mg twice daily; if tolerated, it can 

then be increased to 100 mg twice daily.16 

In addition to nausea and vomiting, rash has been reported in up to 

14% of patients receiving midostaurin (grade ≥3 in 3%).16 No specific 

information is given on the product label for the management of rash; 

however, a number of organisations, including the American Academy of 

Dermatology and the European Dermatology Forum, provide guidelines 

on the management of skin conditions.70,71

High-risk patient groups and midostaurin 
treatment
Midostaurin is well tolerated across a range of patient groups, including 

high-risk AML patients.69,72,73 Clinical studies have reported no impact 

Table 2: Commonly used CYP3A4 inhibitors and 
inducers16,37,74,75

Strong CYP3A inhibitors CYP3A inducers

>5-fold increase in the plasma AUC 

values or more than 80% decrease in 

clearance

≥80% decrease in AUC

Boceprevir

Clarithromycin

Cobicistat

Conivaptan

Diltiazem

Grapefruit juice*

Idelalisib

Itraconazole

Ketoconazole

Nefazodone

Nelfinavir

Posaconazole

Ritonavir

Telaprevir

Troleandomycin

Voriconazole

Carbamazepine

Enzalutamide

Mitotane

Phenobarbital

Phenytoin

Rifampin

St. John’s wort†

*The effect of grapefruit juice varies widely among brands and is concentration-, 
dose- and preparation-dependent. Studies have shown that it can be classified as a 
“strong CYP3A inhibitor” when a certain preparation was used (e.g., high dose, double 
strength) or as a “moderate CYP3A inhibitor” when another preparation was used 
(e.g., low dose, single strength). 
†The induction potency of St. John’s wort may vary widely based on preparation. 
AUC = area under the curve.
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of age on response and outcomes.26 A study of midostaurin plus 

azacitidine in elderly patients (median age 73 years) showed that 75 mg 

orally, twice daily increased trough levels of midostaurin during cycle 2 

compared with cycle 1, with persistent and increasing levels of the active 

metabolite CGP52421. However, the combination was generally well 

tolerated.72 The addition of midostaurin to intensive induction therapy 

and as maintenance after alloHSCT or high dose cytarabine has been 

shown to be feasible and effective in a single-arm clinical study (n=147).73 

The efficacy and safety of midostaurin has not yet been established in 

paediatric populations.16

Based on findings in animal studies, midostaurin may cause foetal 

harm when administered to pregnant women.16 In the absence of 

conclusive data, it is recommended to advise pregnant women of a 

potential risk. Since midostaurin has been found to pass into the milk 

of lactating rats, women are also advised not to breastfeed during 

treatment with midostaurin.16

Conclusions
Patients with AML harbouring the FLT3 mutation have an inferior OS and 

higher relapse rate compared with patients without a FLT3 mutation,18 

and current treatment options are limited. The use of midostaurin in 

combination with standard cytarabine and daunorubicin induction, 

and cytarabine consolidation, has demonstrated improved OS in AML 

patients with the FLT3 mutation.15 Midostaurin is therefore likely to play 

a major role in the induction treatment of AML. However, a number of 

practical aspects should be considered when prescribing midostaurin.

Midostaurin is metabolised to the active metabolites CGP52421 and 

CGP62221, which exhibit prolonged cellular retention.44 Midostaurin, 

CGP52421 and CGP62221 are both inhibitors and inducers for CYP3A 

and, therefore, have the potential for drug–drug interactions with 

CYP3A4 modulators/CYP3A substrates.44 As a result, in situations where 

antifungals, including posaconazole and other azole antifungal agents 

are administered alongside midostaurin, patients should be closely 

monitored for midostaurin-related toxicity.16,37 While clinical data suggest 

that the coadministration of the antifungal medications posaconazole 

and voriconazole with midostaurin does not impact on its safety profile, 

caution is advised.57 

To date, midostaurin has shown good tolerability among patients in the 

completed clinical trials. However, its use is associated with several 

adverse events, mostly gastrointestinal toxicity and rash.15,16 Although 

the risks of nausea and vomiting can be managed using prophylactic 

antiemetics before treatment,16 these adverse effects may be treatment-

limiting in a minority of patients.

In conclusion, midostaurin represents an effective treatment for use 

in combination therapy in patients with newly diagnosed AML and a 

FLT3 mutation. The tolerability profile of midostaurin may facilitate its 

use in AML patients who cannot tolerate intensive induction therapy, in 

particular elderly people. 

1. Acute myeloid leukaemia (AML), 2016. Available at: www.
cancerresearchuk.org/about-cancer/acute-myeloid-leukaemia-
aml (accessed 12 February 2019).

2. Acute myeloid leukaemia, 2018. Available at: www.leukaemia.
org.au/disease-information/leukaemias/acute-myeloid-
leukaemia (accessed 13 March 2019).

3. Visser O, Trama A, Stiller C, et al. Incidence, survival and 
prevalence of myeloid malignancies in Europe. Eur J Cancer. 
2012;48:3257–66.

4. Cancer Stat Facts: Leukemia - Acute Myeloid Leukemia (AML), 
2018. Available at: https://seer.cancer.gov/statfacts/html/amyl.
html (accessed 12 February 2019).

5. Dohner H, Estey E, Grimwade D, et al. Diagnosis and 
management of AML in adults: 2017 ELN recommendations 
from an international expert panel. Blood. 2017;129:424–47.

6. Walter RB, Estey EH. Management of older or unfit patients with 
acute myeloid leukemia. Leukemia. 2015;29:770–5.

7. O’Donnell MR, Tallman MS, Abboud CN, et al. Acute Myeloid 
Leukemia, Version 3.2017, NCCN Clinical Practice Guidelines in 
Oncology. J Natl Compr Canc Netw. 2017;15:926–57.

8. Bradstock KF, Matthews JP, Lowenthal RM, et al. A randomized 
trial of high-versus conventional-dose cytarabine in 
consolidation chemotherapy for adult de novo acute myeloid 
leukemia in first remission after induction therapy containing 

high-dose cytarabine. Blood. 2005;105:481–8.
9. Navada SC, Silverman LR. Safety and efficacy of azacitidine in 

elderly patients with intermediate to high-risk myelodysplastic 
syndromes. Ther Adv Hematol. 2017;8:21–7.

10. Thol F, Schlenk RF, Heuser M, et al. How I treat refractory and 
early relapsed acute myeloid leukemia. Blood. 2015;126:319–27.

11. Bashir Y, Geelani S, Bashir N, et al. Role of low dose cytarabine 
in elderly patients with acute myeloid leukemia: An experience. 
South Asian J Cancer. 2015;4:4–6.

12. De Kouchkovsky I, Abdul-Hay M. Acute myeloid leukemia: 
a comprehensive review and 2016 update. Blood Cancer J. 
2016;6:e441.

13. Rashidi A, Ebadi M, Colditz GA, DiPersio JF. Outcomes of 
allogeneic stem cell transplantation in elderly patients with 
acute myeloid leukemia: a systematic review and meta-
analysis. Biol Blood Marrow Transplant. 2016;22:651–7.

14. Dohner H, Weisdorf DJ, Bloomfield CD. Acute myeloid leukemia. 
N Engl J Med. 2015;373:1136–52.

15. Stone RM, Mandrekar SJ, Sanford BL, et al. Midostaurin 
plus chemotherapy for acute myeloid leukemia with a FLT3 
mutation. N Engl J Med. 2017;377:454–64.

16. FDA. Rydapt: Highlights of prescribing information. 
Available at: www.accessdata.fda.gov/drugsatfda_docs/
label/2017/207997s000lbl.pdf (accessed 2 October 2017).

17. Stone R, Madrekar SJ, Sanford BL, et al. The addition of 
midostaurin to standard chemotherapy decreases cumulative 
incidence of relapse (CIR) in the international prospective 
randomized, placebo-controlled, double-blind trial (CALGB 
10603 / RATIFY [Alliance]) for newly diagnosed acute myeloid 
leukemia (AML) patients with FLT3 mutations. Presented at 
the 59th American Society of Hematology Annual Meeting & 
Exposition Atlanta, GA, 9–12 December 2017.

18. Whitman SP AK, Feng L, Baldus C, et al. Absence of the wild-
type allele predicts poor prognosis in adult de novo acute 
myeloid leukemia with normal cytogenetics and the internal 
tandem duplication of FLT3: A cancer and leukemia group B 
study. Cancer Res. 2001;61:7233–9.

19. Thiede C SC, Mohr B, Schaich M, et al. Analysis of FLT3-
activating mutations in 979 patients with acute myelogenous 
leukemia: association with FAB subtypes and identification of 
subgroups with poor prognosis. Blood. 2002;99:4326–35.

20. Nguyen B, Williams AB, Young DJ, et al. FLT3 activating 
mutations display differential sensitivity to multiple tyrosine 
kinase inhibitors. Oncotarget. 2017;8:10931–44.

21. How J, Sykes J, Minden MD, et al. The prognostic impact of 
FLT3-ITD and NPM1 mutations in patients with relapsed acute 
myeloid leukemia and intermediate-risk cytogenetics. Blood 
Cancer J. 2013;3:e116.

Table 3: Adverse events reported in the RATIFY study15 

Adverse event  

(grade 3, 4 or 5)

Midostaurin  

group 

 (n=355)

Placebo 

 group 

 (n=354)

p value*

Number of patients (%)

Haematologic

Thrombocytopaenia 346 (97) 342 (97) 0.52

Neutropaenia 338 (95) 339 (96) 0.86

Anaemia 329 (93) 311 (88) 0.03

Leukopaenia 93 (26) 105 (30) 0.32

Lymphopaenia 68 (19) 78 (22) 0.35

Other blood or bone marrow event 1 (<1) 4 (1) 0.22

Bone marrow hypocellularity 0 1 (<1) 0.50

Non-haematologic

Febrile neutropaenia 290 (82) 292 (82) 0.84

Infection 186 (52) 178 (50) 0.60

Lymphopaenia 68 (19) 78 (22) 0.35

Diarrhoea 56 (16) 54 (15) 0.92

Hypokalaemia 49 (14) 60 (17) 0.25

Pain 47 (13) 44 (12) 0.82

Increased alanine aminotransferase 45 (13) 33 (9) 0.19

Rash or desquamation 50 (14) 27 (8) 0.008

Fatigue 32 (9) 37 (10) 0.53

Pnemonitis or pulmonary infiltrates 28 (8) 29 (8) 0.89

Nausea 20 (6) 34 (10) 0.05

Hyponatremia 31 (9) 23 (6) 0.32

Hyperbilirubinaemia 25 (7) 28 (8) 0.67

Mucositis or stomatitis 22 (6) 28 (8) 0.38

Hypophosphataemia 19 (5) 29 (8) 0.14

Hypocalcaemia 24 (7) 21 (6) 0.76

*p-values are two-sided and were calculated with the use of Fisher’s exact test 
Source: Reproduced with permission from Stone et al. 201715



Midostaurin for FLT3-mutated Acute Myeloid Leukaemia – Considerations for Optimal Use

49EUROPEAN ONCOLOGY & HAEMATOLOGY

22. Gallogly MM, Lazarus LH, Cooper BW. Midostaurin: a novel 
therapeutic agent for patients with FLT3-mutated acute myeloid 
leukemia and systemic mastocytosis. Ther Adv Hematol. 
2017;8:245–61.

23. Bacher U, Haferlach C, Kern W, et al. Prognostic relevance 
of FLT3-TKD mutations in AML: the combination matters--an 
analysis of 3082 patients. Blood. 2008;111:2527–37.

24. Larson RA, Mandrekar SJ, Sanford BL, et al. An analysis of 
maintenance therapy and post-midostaurin outcomes in the 
international prospective randomized, placebo-controlled, 
double-blind trial (CALGB 10603/RATIFY [Alliance]) for newly 
diagnosed acute myeloid leukemia (AML) patients with FLT3 
mutations. Blood. 2017;130(Suppl 1):145.

25. Maziarz RTT, Patnaik M, Scott BL, et al. Radius: a phase 2 
randomized trial investigating standard of care ± midostaurin 
after allogeneic stem cell transplant in FLT3-ITD-mutated AML. 
Blood. 2018;132(Suppl 1):662.

26. Schlenk RF, Fiedler W, Salih HR, et al. Impact of age and 
midostaurin dose on response and outcome in acute myeloid 
leukemia with FLT3-ITD: Interim analyses of the AMLSG 16-10 
Trial. Blood. 2016;128:449.

27. ClinicalTrials.gov. A Global Study of the Efficacy and Safety of 
Midostaurin + Chemotherapy in Newly Diagnosed Patients With 
FLT3 Mutation Negative (FLT3-MN) Acute Myeloid Leukemia 
(AML). ClinicalTrials.gov Identifier: NCT03512197. Available at: 
https://clinicaltrials.gov/ct2/show/NCT03512197  
(accessed 15 January 2019).

28. ClinicalTrials.gov. A Global Study of Midostaurin in Combination 
With Chemotherapy to Evaluate Safety, Efficacy and 
Pharmacokinetics in Newly Diagnosed Pediatric Patients With 
FLT3 Mutated AML. ClinicalTrials.gov Identifier: NCT03591510. 
Available at: https://clinicaltrials.gov/ct2/show/NCT03591510 
(accessed 19 January 2019).

29. ClinicalTrials.gov. A Study of Midostaurin Efficacy and Safety in 
Newly Diagnosed Patients With FLT3-mutated AML. ClinicalTrials.
gov Identifier: NCT03280030. Available at: https://clinicaltrials.
gov/ct2/show/NCT03280030 (accessed 15 January 2019).

30. ClinicalTrials.gov. Study to Assess the Safety and Efficacy 
of Midostaurin (PKC412) in Combination With Standard 
Chemotherapy During Induction and Consolidation Followed by 
12 Months of Monotherapy in Patients With Newly-diagnosed 
FLT3-mutated Acute Myeloid Leukemia. ClinicalTrials.gov 
Identifier: NCT03379727. Available at: https://clinicaltrials.gov/
ct2/show/NCT03379727 (accessed 19 January 2019).

31. Burnett AK, Russell NH, Hills RK. Higher daunorubicin exposure 
benefits FLT3 mutated acute myeloid leukemia. Blood. 
2016;128:449–52.

32. Burnett AK, Russell NH, Hills RK, et al. A randomized 
comparison of daunorubicin 90 mg/m2 vs 60 mg/m2 in AML 
induction: results from the UK NCRI AML17 trial in 1206 
patients. Blood. 2015;125:3878–85.

33. Eskazan AE. Midostaurin in FLT3-mutated acute myeloid 
leukemia. N Engl J Med. 2017;377:1901.

34. Eskens FA, Verweij J. The clinical toxicity profile of vascular 
endothelial growth factor (VEGF) and vascular endothelial 
growth factor receptor (VEGFR) targeting angiogenesis 
inhibitors; a review. Eur J Cancer. 2006;42:3127–39.

35. Kamba T, McDonald DM. Mechanisms of adverse effects of 
anti-VEGF therapy for cancer. Br J Cancer. 2007;96:1788–95.

36. Shimotake J, Derugin N, Wendland M, et al. Vascular endothelial 
growth factor receptor-2 inhibition promotes cell death and 
limits endothelial cell proliferation in a neonatal rodent model 
of stroke. Stroke. 2010;41:343–9.

37. EMA. Rydapt Summary of Product characteristics. Available at: 
www.ema.europa.eu/en/documents/product-information/rydapt-
epar-product-information_en.pdf (accessed 26 March 2018).

38. Patnaik MM. The importance of FLT3 mutational analysis in 
acute myeloid leukemia. Leuk Lymphoma. 2018;59: 2273–86. 

39. Preisler H, Davis RB, Kirshner J, et al. Comparison of three 
remission induction regimens and two postinduction strategies 

for the treatment of acute nonlymphocytic leukemia: a cancer 
and leukemia group B study. Blood. 1987;69:1441–9.

40. South East London Cancer Network. AML daunorubicin 
protocol, 2012. Available at: www.londoncanceralliance.nhs.uk/
media/36422/aml_da_protocol_v1.pdf (accessed 25 July 2018).

41. Cancer Therapy Advisor. Acute Myeloid Leukemia (AML) 
Treatment Regimens, 2018. Available at: https://media.
chemotherapyadvisor.com/documents/210/leukemia-
aml_0318_52455.pdf (accessed 25 July 2018).

42. Stone RM, Fischer T, Paquette R, et al. Phase IB study of the 
FLT3 kinase inhibitor midostaurin with chemotherapy in 
younger newly diagnosed adult patients with acute myeloid 
leukemia. Leukemia. 2012;26:2061–8.

43. Montesinos P, Martínez-Cuadrón D, Lavilla E, et al. Intensive 
(2+5) or semi-intensive (FLUGA) chemotherapy for patients 
with acute myeloid leukemia who are 70 years of age or older. 
Blood. 2013;122:2687.

44. He H, Tran P, Gu H, et al. Midostaurin, a novel protein kinase 
inhibitor for the treatment of acute myelogenous leukemia: 
insights from human absorption, metabolism, and excretion 
studies of a BDDCS II drug. Drug Metab Dispos. 2017;45: 
540–55.

45. del Corral A, Dutreix C, Huntsman-Labed A, et al. Midostaurin 
does not prolong cardiac repolarization defined in a thorough 
electrocardiogram trial in healthy volunteers. Cancer 
Chemother Pharmacol. 2012;69:1255–63.

46. Dutreix C, Munarini F, Lorenzo S, et al. Investigation into 
CYP3A4-mediated drug-drug interactions on midostaurin 
in healthy volunteers. Cancer Chemother Pharmacol. 
2013;72:1223–34.

47. Fischer T, Stone RM, Deangelo DJ, et al. Phase IIB trial of oral 
Midostaurin (PKC412), the FMS-like tyrosine kinase 3 receptor 
(FLT3) and multi-targeted kinase inhibitor, in patients with acute 
myeloid leukemia and high-risk myelodysplastic syndrome with 
either wild-type or mutated FLT3. J Clin Oncol. 2010;28:4339–45.

48. Levis M, Brown P, Smith BD, et al. Plasma inhibitory activity 
(PIA): a pharmacodynamic assay reveals insights into 
the basis for cytotoxic response to FLT3 inhibitors. Blood. 
2006;108:3477–83.

49. Novartis Pharmaceuticals Canada Inc. RydaptTM Product 
Monograph Including Patient Medication Information. Dorval, 
QC, Canada: Novartis, 2018. Available at: ask.novartispharma.
ca/download.htm?res=rydapt_scrip_e.pdf&resTitleId=1393 
(accessed 12 February 2019).

50. Yin O, Wang Y, Lanza C, et al. Pharmacokinetics (PK) and 
pharmacodynamics (PD) of midostaurin (PKC412) in patients 
with acute myeloid leukemia (AML). J Clin Oncol. 2008;26(Suppl 
15);abstr 706.

51. Lipka DB, Wagner MC, Dziadosz M, et al. Prolonged cellular 
midostaurin retention suggests potential alternative dosing 
strategies for FLT3-ITD-positive leukemias. Leukemia. 
2016;30:2090–3.

52. Suarasan S, Simon T, Boca S, et al. Gelatin-coated gold 
nanoparticles as carriers of FLT3 inhibitors for acute myeloid 
leukemia treatment. Chem Biol Drug Des. 2016;87:927–35.

53. Weisberg E BC, Kelly LM, Manley P, Griffin JD. Inhibition of 
mutant FLT3 receptors in leukemia cells by the small molecule 
tyrosine kinase inhibitor PKC412. Cancer Cell. 2002;1:433–43.

54. Williams CB, Kambhampati S, Fiskus W, et al. Preclinical and 
phase I results of decitabine in combination with midostaurin 
(PKC412) for newly diagnosed elderly or relapsed/refractory 
adult patients with acute myeloid leukemia. Pharmacotherapy. 
2013;33:1341–52.

55. ClinicalTrials.gov. Pharmacokinetics and Safety of Midostaurin 
in Subjects With Impaired Hepatic Function and Subjects 
With Normal Hepatic Function. ClinicalTrials.gov Identifer: 
NCT01429337. Available at: https://clinicaltrials.gov/ct2/show/
NCT01429337 (accessed 25 May 2018).

56. Zanger UM, Schwab M. Cytochrome P450 enzymes in 
drug metabolism: regulation of gene expression, enzyme 

activities, and impact of genetic variation. Pharmacol Ther. 
2013;138:103–41.

57. Ouatas T, Duval V, Sinclair K, et al. Concomitant use of 
midostaurin with strong cyp3a4 inhibitors: an analysis  
from the ratify trial. Blood. 2017;130(Suppl 1):3814.

58. Pechlivanoglou P, Le HH, Daenen S, et al. Mixed treatment 
comparison of prophylaxis against invasive fungal infections 
in neutropenic patients receiving therapy for haematological 
malignancies: a systematic review. J Antimicrob Chemother. 
2014;69:1–11.

59. Halpern AB, Lyman GH, Walsh TJ, et al. Primary antifungal 
prophylaxis during curative-intent therapy for acute myeloid 
leukemia. Blood. 2015;126:2790–7.

60. Michallet M, Sobh M, Deloire A, et al. Antifungal prophylaxis 
in AML patients receiving intensive induction chemotherapy. 
prospective observational study from the Acute Leukemia 
French Association (ALFA) Group. Blood. 2016;128:3696.

61. Cornely OA, Maertens J, Winston DJ, et al. Posaconazole 
vs. fluconazole or itraconazole prophylaxis in patients with 
neutropenia. N Engl J Med. 2007;356:348–59.

62. Dvorak Z. Drug-drug interactions by azole antifungals: Beyond 
a dogma of CYP3A4 enzyme activity inhibition. Toxicol Lett. 
2011;202:129–32.

63. ClinicalTrials.gov. Midostaurin and Decitabine in Treating Older 
Patients With Newly Diagnosed Acute Myeloid Leukemia 
and FLT3 Mutation. ClinicalTrials.gov Identifer: NCT02634827. 
Available at: https://clinicaltrials.gov/ct2/show/NCT02634827 
(accessed 25 May 2018).

64. Chau MM, Kong DC, van Hal SJ, et al. Consensus guidelines for 
optimising antifungal drug delivery and monitoring to avoid 
toxicity and improve outcomes in patients with haematological 
malignancy, 2014. Intern Med J. 2014;44:1364–88.

65. Kofla G, Ruhnke M. Pharmacology and metabolism of 
anidulafungin, caspofungin and micafungin in the treatment 
of invasive candidosis: review of the literature. Eur J Med Res. 
2011;16:159–66.

66. Winston DJ, Busuttil RW, Singh N. Antifungal prophylaxis in liver 
transplant recipients. Clin Infect Dis. 2015;61:1349–50.

67. Gallogly MM, Lazarus HM. Midostaurin: an emerging 
treatment for acute myeloid leukemia patients. J Blood Med. 
2016;7:73–83.

68. Walsh D DM, Ripamonti C, et al. 2016 Updated MASCC/
ESMO consensus recommendations: Management of nausea 
and vomiting in advanced cancer. Support Care Cancer. 
2017;25:333–40.

69. Hesketh PJ BK, Kris MG. Antiemetics: American Society of 
Clinical Oncology Clinical Practice Guideline Update Summary.  
J Oncol Pract. 2017;JOP2017026351.

70. American Academy of Dermatology. Clinical Guidelines. 
Available at: www.aad.org/practicecenter/quality/clinical-
guidelines (accessed 25 May 2018).

71. European Dermatology Forum. EDF Guidelines. 2018. Available 
at: www.euroderm.org/home/Guidelines/EDF-Guidelines.html 
(accessed 13 March 2019).

72. Cooper BW, Kindwall-Keller TL, Craig MD, et al. A phase I study 
of midostaurin and azacitidine in relapsed and elderly AML 
patients. Clin Lymphoma Myeloma Leuk. 2015;15:428–32.

73. Schlenk R, Döhner K, Salih H, et al. Midostaurin in combination 
with intensive induction and as single agent maintenance 
therapy after consolidation therapy with allogeneic 
hematopoietic stem cell transplantation or high-dose 
cytarabine (NCT01477606). Blood. 2015;126:322.

74. Indiana University School of Medicine. Drug Interactions 
Flockhart Table™, 2018. Available at: http://medicine.iupui.edu/
clinpharm/ddis/main-table (accessed 25 May 2018).

75. FDA. Drug Development and Drug Interactions: Table 
of Substrates, Inhibitors and Inducers, 2017. Available 
at: www.fda.gov/Drugs/DevelopmentApprovalProcess/
DevelopmentResources/DrugInteractionsLabeling/ucm093664.
htm (accessed 25 May 2018).


	_Hlk531101678
	_Hlk531169282
	_Hlk531169197
	_Hlk514996438
	_Hlk531180521
	_Hlk531176108

