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Abstract
Fostamatinib is the first approved spleen tyrosine kinase inhibitor for chronic immune thrombocytopenia. This review 
summarizes the clinical development, pharmacokinetics, pharmacodynamics, drug–drug interactions, adverse events, and 
comprehensive analyses of fostamatinib. While integrating these findings, we discuss the fostering and improvement of 
fostamatinib for further clinical applications. Fostamatinib is designed as a prodrug and cleavage of its active moiety R406 
in the intestine. As R406 is the major product in the blood, this review mainly discusses the pharmacokinetics and pharma-
codynamics of R406. It is metabolized by cytochrome 3A4 and UGT1A9 in the liver and is dominantly excreted in feces 
after anaerobic modification by the gut microbiota. As fostamatinib and R406 strongly inhibit the breast cancer resistance 
protein, the interaction with those substrates, particularly statins, should be carefully monitored. In patients with immune 
thrombocytopenia, fostamatinib administration started at 100 mg twice daily, and most patients increased to 150 mg twice 
daily in the clinical trial. Although responders showed a higher R406 concentration than non-responders, the correlation 
between R406 exposure and achievement of the platelet count as a pharmacodynamic marker was uncertain in the pharma-
cokinetic/pharmacodynamic analysis. Additionally, R406 concentration was almost halved in patients with a heavy body 
weight; hence, the exposure-efficacy study for suitable dosing should be continued with post-marketing data. In contrast, the 
pharmacokinetic/pharmacodynamic analysis for exposure safety revealed that R406 exposure significantly correlated with 
the incidence of hypertension. Even though the influence of elevated exposure on other toxicities, including diarrhea and 
neutropenia, is still unclear, careful management is required with dose escalation to avoid toxicity-related discontinuation.
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1  Introduction

In April 2018, the US Food and Drug Administration (FDA) 
approved fostamatinib disodium (Tavalisse®), which is the 
first known agent to target spleen tyrosine kinase (Syk), for 
the treatment of chronic immune thrombocytopenia (ITP) 

[1, 2]. Spleen tyrosine kinase is a cytoplasmic non-receptor 
protein tyrosine kinase that was first discovered in the early 
1990s [3, 4]. The human SYK gene is located on chromo-
some 9q22, and its coding sequence is 1908 bp long and 
encodes a 635 amino acid polypeptide with an estimated 
molecular weight of 72 kDa [4, 5]. Spleen tyrosine kinase 
is widely expressed in hematopoietic lineage cells, and its 
function in the adaptive immune system as a mediator of 
antigen-associated signals has been extensively studied [6, 
7]. Spleen tyrosine kinase is considered a possible thera-
peutic target for treating antibody-mediated and immune-
complex-mediated diseases, including allergic and autoim-
mune conditions.

Fostamatinib is an orally available, small-molecule Syk 
inhibitor drug that is prescribed as a new treatment option 
to patients with ITP who have had an insufficient response 
to a previous treatment [8]. Immune thrombocytopenia is 
an acquired autoimmune bleeding disorder characterized 
by a low platelet count resulting from increased platelet 
destruction and impaired platelet production [9]. The inci-
dence rates of ITP appear to have a bimodal distribution, 

http://orcid.org/0000-0001-5444-2443
http://orcid.org/0000-0002-4846-3421
http://orcid.org/0000-0002-3543-2562
http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-022-01135-0&domain=pdf


956	 R. Matsukane et al.

Key Points 

Fostamatinib is a prodrug rapidly cleaved by alkaline 
phosphatase in the intestine to its active moiety R406. 
R406 has a high protein binding ratio and is mainly 
metabolized by cytochrome P450 3A4 and UGT1A9 in 
the liver and excreted into feces.

R406 is a substrate of P-glycoprotein, whereas fostam-
atinib and R406 inhibit breast cancer resistance protein 
with high intestinal concentration/IC50 values. Great 
attention should be paid to the drug–drug interactions 
with the substrates of these transporters, especially 
statins.

Fostamatinib dosage can be increased during treatment. 
Whereas a R406 exposure-dependent increase in efficacy 
was not clear; a significant correlation between systemic 
exposure and adverse events such as hypertension has 
been reported. During the dose escalation, careful man-
agement is required to avoid toxicity-related treatment 
discontinuation.

pharmacodynamics, pharmacokinetics, safety profile, and 
integrated investigations of fostamatinib such as popula-
tion pharmacokinetic (PK) and PK/pharmacodynamic (PD) 
analyses, we discuss the fostering and improvement of fos-
tamatinib for clinical applications.

2 � Clinical Development of Fostamatinib

Initially, fostamatinib was developed as a new treatment 
option for RA, as there was ample evidence to support the 
role of Syk in amplifying inflammation in the synovium. 
Furthermore, R406 significantly suppressed clinical arthritis 
and synovitis in rats [14]. Two placebo-controlled phase II 
trials were designed for patients with RA, wherein they were 
administered fostamatinib with a combination of methotrex-
ate (MTX) daily (NCT00326339: fostamatinib 50 mg, 100 
mg, and 150 mg twice daily [BID], and NCT00665925: fos-
tamatinib 150 mg once daily [QD] and 100 mg BID) [15, 
16]. Fostamatinib with MTX significantly improved the 
American College of Rheumatology 20% response crite-
ria (ACR20) at week 12 compared with those in the MTX 
group, and the response rate of ACR20 increased in a dose-
dependent manner (NCT00326339: 65% with the 100-mg 
BID group and 72% with the 150-mg BID group at 3 months; 
NCT00326339: 57% with the 150-mg QD group and 67% 
with the 100-mg BID group at 6 months) [15–17]. Based on 
these trials, one phase IIb and three phase III studies, named 
OSKIRA, were designed. In OSKIRA-1 and OSKIRA-2, 
fostamatinib improved ACR20 at week 24 in combina-
tion with MTX (NCT01197521) and disease-modifying 
antirheumatic drugs (NCT01197534) (Fig. 1a) [18, 19]. In 
addition, fostamatinib increased ACR20 in patients inad-
equately responding to MTX and tumor necrosis factor-α 
antagonists in the OSKIRA-3 trial (NCT01197755) [20]. 
In addition, the efficacy and safety of fostamatinib mono-
therapy were compared with those of adalimumab, an anti-
tumor necrosis factor-α antibody, in the OSKIRA-4 study 
(NCT01264770). In this trial, fostamatinib was found to be 
inferior to adalimumab with regard to the efficacy score at 
week 24, and also showed a higher incidence of treatment 
discontinuation because of AEs (fostamatinib, 12.5–16.7%, 
adalimumab, none) [21]. Based on these results, regulatory 
filings for fostamatinib were withheld in RA [21].

Concurrently, Podolanczuk et al. showed that Syk inhibi-
tion by fostamatinib inhibited platelet phagocytosis by mac-
rophages, and this proof of concept was initially realized in 
clinical practice in 2009 [22]. They conducted a single-arm, 
dose-escalation phase II trial to assess the efficacy and safety 
of fostamatinib in adult refractory ITP (NCT00706342). The 
trial was initiated at 75 mg BID, and the dosage increased 
to 175 mg BID unless toxicity occurred, or a persistent 
response was observed. Twelve out of 16 patients responded 

with peaks among children and adults [10, 11]. In adults 
newly diagnosed with ITP, clinical guidelines recommend 
corticosteroid treatment as first-line therapy. For the patients 
who are corticosteroid dependent or show no response to 
corticosteroids, the guidelines recommend the thrombopoi-
etin receptor agonist, rituximab, and splenectomy as second-
line therapy [9]. Although the most important treatment goal 
for patients with ITP is to maintain their platelet count and 
avoid major bleeding events, a certain proportion of patients, 
particularly those with persistent or chronic ITP, remain 
refractory to treatment. Additional therapeutic approaches 
using agents with different mechanisms of action, such as 
the novel Syk inhibitor fostamatinib, have essential clini-
cal roles [12]. Although fostamatinib showed a 44% overall 
response rate in patients with refractory ITP in phase III 
trials [13], non-responders were also present. In addition, 
adverse events (AEs) have been reported in approximately 
90% of the patients in clinical trials [13]. Further studies are 
needed to elucidate more information on such drugs from the 
perspective of pharmacokinetics and pharmacodynamics.

This review provides an overview of the clinical phar-
macokinetics and pharmacodynamics of fostamatinib and 
its active moiety R406. As fostamatinib was developed as a 
prodrug, R406 plays an essential role in its pharmacokinetics 
and pharmacodynamics. Fostamatinib was initially devel-
oped for rheumatoid arthritis (RA); therefore, this review 
includes the trial results in patients with RA and those in 
patients with ITP. In considering the clinical development, 
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to fostamatinib, and the efficacy was sustained in eight 
patients [22]. Following this success, two parallel phase 
III, randomized, double-blind, placebo-controlled studies 
named FIT1 (NCT02076399) and FIT2 (NCT02076412) 
were conducted [8]. Patients with persistent or chronic ITP 
were randomized in the ratio of 2:1 to receive either fostam-
atinib (n = 101) or placebo (n = 49) for 24 weeks. Fostam-
atinib was initially administered at 100 mg BID and could 
be increased to 150 mg BID after 4 weeks or later, depend-
ing on the therapeutic response. The primary endpoint was 
a stable response, defined by a platelet count of ≥ 50,000/
μL by week 24. The overall response was fostamatinib 43% 
versus placebo 14% in FIT1 and FIT2 pooled subjects; thus, 
fostamatinib significantly ameliorated the platelet count and 
met the primary endpoint [8]. A total of 123 patients were 
enrolled in FIT3 (NCT02077192), which is a long-term fol-
low-up, open-label extension study, and the results showed 
durability of stable and overall platelet responses, with the 
median ongoing at over 28 months (Fig. 1b) [13]. Conse-
quently, fostamatinib was approved by the FDA in 2018 and 

the European Medicines Agency in 2020 as a promising 
treatment for patients with chronic or persistent ITP with a 
new therapeutic scheme.

In addition, clinical trials such as the OSKIRA-
ASIA-1 (NCT01569074) and OSKIRA-ASIA-1X study 
(NCT01640054) were conducted in 2021 for Asian patients 
with RA [23]. In addition to RA and ITP, fostamatinib has 
been considered efficacious for the treatment of warm anti-
body autoimmune hemolytic anemia [24, 25], hematologic 
malignancies [26, 27], immunoglobulin A nephropathy 
[28–31], and coronavirus disease 2019 [32–34]. For further 
clinical development of fostamatinib and more effective and 
safer treatment of patients with ITP, we need to reconsider 
the PK and PD data obtained in RA and ITP and discuss 
their correlation with efficacy and safety.

3 � Fostamatinib Pharmacology 
and Pharmacodynamics

The active metabolite of fostamatinib, R406 [N4-(2,2-dime-
thyl-3-oxo-4H-pyrid [1, 4] oxazin-6-yl)-5-fluoro-N2-(3,4,5-
trimethoxyphenyl)-2,4-pyrimidinediamine], was initially 
identified during the drug screening of immunoglobulin E 
and immunoglobulin G-mediated activation of the recep-
tor for the Fc region of immunoglobulin E (Fcε-receptor I) 
and receptor for the Fc region of immunoglobulin G (Fcγ-
receptor, FcγR) signaling in cultured human mast cells. A 
further in vitro assessment revealed that R406 blocked Syk 
activation, resulting in the inhibition of immunoglobulin 
receptor signaling [35].

Physiologically, Syk plays an essential role in signal 
transduction via both immunoglobulin receptors and the 
B-cell receptor (BCR) [6]. Activation of Syk-mediated 
signaling primarily leads to interaction between the immu-
noreceptor tyrosine-based activation motifs of BCR or FcγR 
and Lyn, a tyrosine kinase of the Src family. Activated Lyn 
then phosphorylates another ITAM region and interacts with 
activated Syk, which is also phosphorylated by Lyn. Sequen-
tially, Syk phosphorylates the adaptor molecule linker for 
activation of T cells (LAT), which results in cellular pro-
cesses such as chemokine release, actin cytoskeletal rear-
rangement, proliferation or differentiation, and cell survival 
[6, 36].

R406 inhibits the phosphorylation of LAT (Y191), but 
not that of Syk (Y352) and Lyn-dependent phosphoryla-
tion of ITAM. This strongly suggests that R406 is a potent 
inhibitor of Syk kinase activity [35]. Moreover, an enzyme 
kinetic assay and crystallography of R406-bound Syk pro-
tein revealed that R406 competitively inhibits ATP binding, 
with a Ki of 30 nM [35, 37]. Additionally, R406 inhibits 
immunoglobulin G and FcγR-mediated cytokine release 
in macrophages (EC50 = 111 nM) and oxidative burst in 
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neutrophils (EC50 = 33 nM) [35]. To confirm the R406 
effect on immune complex-mediated inflammation in vivo, 
a reverse passive Arthus reaction, a classical experimental 
model of type III allergic reaction, was performed in mice. 
A 1-hour pre-treatment of R406 at 1 and 5 mg/kg before the 
immune complex challenge inhibited the cutaneous Arthus 
reaction by approximately 72% and 86%, respectively [35]. 
As FcγR signaling in synovial macrophages is an important 
pathophysiological mechanism of RA, R406 (5 and 10 mg/
kg) was administered in mouse models. R406 significantly 
reduced inflammation and swelling, and the progression of 
arthritis was slower in the treatment groups than in the vehi-
cle group [35]. To further understand the suitability of R406 
in human studies, the basophil activation test was conducted 
in healthy volunteers. After administering a single dose of 
R406 (80, 250, 400, 500, and 600 mg), heparinized blood 
was collected at several timepoints and stimulated ex vivo 
with anti-immunoglobulin E to assess the cluster of differ-
entiation 63 upregulation on the cell surface of basophils as 
proof of activation of Fcε-receptor I signaling. R406 sig-
nificantly suppressed cluster of differentiation 63 expression 
in a dose-dependent manner (Fig. 2). This pharmacological 
effect was also correlated with the plasma concentration 
of R406, and a 50% reduction in basophil activation was 
observed at 496 ± 42 ng/mL, which is equivalent to an EC50 
of 1.06 µM [35]. The disparity in EC50 values between the 
in vitro (33–111 nM) and in vivo (1.06 µM) assays may 
attribute to a high protein binding ratio of R406 (> 98%). 
Braselmann et al. reported that a comparable shift of EC50 
was observed when human serum was added to an in vitro 
assay system [35]. In addition, the in vivo EC50 496 ng/mL 
(1.06 µM) is calculated to approximately 12,000 ng·h/mL as 
the daily area under the plasma concentration–time curve in 
steady state (DAUC​ss). In the phase IIb studies in patients 
with RA, DAUC​ss of R406 was 12,000–13,000 ng·h/mL 
following 100 mg BID [38]. These results suggest that an 
initial dose of fostamatinib could generate an effective R406 
concentration to inhibit Syk signaling from the PD view.

As Syk kinase is also known to play a role in platelet 
coagulation via the ITAM-containing collagen receptor (gly-
coprotein VI) and some specific integrins (αIIbβ3) [39], the 
effect of R406 on hemostasis has been assessed in previous 
studies. In the tail-tip amputation assay in mice, high sys-
temic exposure of R406 did not negatively affect bleeding 
times compared to that with aspirin as a positive control. In 
a clinical trial, collagen-induced and ADP-induced platelet 
aggregation was assessed using platelet-rich plasma pre-
pared from R406-administered healthy volunteers; however, 
even at the highest dose of R406, platelet aggregation was 
not inhibited [35].

Pharmacological profiling, including the off-target inhi-
bition of other proteins, may contribute to the identifica-
tion of the mechanism underlying beneficial and adverse 

effects. R406 acts as a potent antagonist of the adenosine 
A3 receptor in the range relevant to clinical effects (IC50 = 
18 nM) [40]. Four adenosine receptor subtypes (A1, A2a, 
A2b, and A3) are expressed in the lungs and are targets for 
drug development against human asthma [41, 42]. In addi-
tion, Matsubara et al. reported that Syk inhibition by R406 
in dendritic cells and mast cells prevents allergen-induced 
airway hyperresponsiveness and airway inflammation in an 
experimental mouse model [43, 44]. Based on these two 
separate mechanisms of action, fostamatinib and R406 may 
represent a promising therapeutic option for the treatment of 
allergic asthma; however, further studies are needed.

R406 has a low selectivity for binding to the kinase 
domain, and it can bind a variety of protein kinases at 
therapeutically relevant concentrations [40]. Previous stud-
ies reported that R406 has inhibitory effects on vascular 
endothelial growth factor receptor (VEGFR)-1, VEGFR-2, 
proto-oncogene tyrosine-protein kinase SRC, and tyrosine-
protein kinase KIT [40]. These inhibitory effects may cause 
an increase in blood pressure (BP) as well as the use of 
other tyrosine kinase inhibitors [45]. In fact, treatment with 
R406 inhibits VEGF-induced tube formation in vascular 
endothelial cells in vitro [40]. In vivo experiments in rodents 
showed that mean arterial BP was significantly increased 
when fostamatinib was administered at 10, 30, and 100 mg/
kg [46]. Hypertension was one of the major AEs associated 
with fostamatinib use in clinical trials [8]. Even though these 
off-target AEs could be controlled by withdrawal or a dose 
reduction of fostamatinib, or the addition of antihypertensive 
drugs [8, 13, 47], the dose-dependent elevation of BP was 
observed in rodents [46]; its relevance to the pharmacokinet-
ics should be further evaluated for the safety management 
of fostamatinib.

4 � Fostamatinib Pharmacokinetics

4.1 � Absorption

Considering the low aqueous solubility of R406, fostam-
atinib was synthesized and tested in preclinical and clinical 
studies [48]. Fostamatinib was designed as a methylene-
phosphate prodrug that is cleaved by alkaline phosphatase 
at the apical brush-border membranes of intestinal entero-
cytes to its active moiety R406, as shown in Fig. 3 [48]. 
After oral administration, fostamatinib was rapidly and com-
pletely hydrolyzed to R406 and absorbed within 1–2 h, and 
negligible concentrations of fostamatinib were found in the 
plasma. The absolute bioavailability of R406 is determined 
to be 55% after a single oral dose of 150 mg of fostamatinib 
and a 100-µg intravenous dose of R406 in healthy subjects 
[49–51]. Several studies investigated whether R406 and fos-
tamatinib were a substrate of absorption-related transporters. 
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An in vitro assay using a polarized Caco-2 cell monolayer 
showed that R406 is a substrate of P-glycoprotein (P-gp) 
from the basolateral to the apical compartment in a concen-
tration-dependent manner [52]. In contrast, another in vitro 
assay showed that breast cancer resistance protein (BCRP) 
did not transport R406 and fostamatinib [49].

A phase I study in healthy adults examined the effect of 
diet (high-fat or high-calorie breakfast) on the absorption of 
fostamatinib tablets [53]. Even though there was a decline in 
the rate of absorption, as shown by a delayed time to maxi-
mum concentration [tmax] (fasting: 1.39 h, fed: 3.22 h) and 
lower maximum concentration [Cmax] (fasting: 605 ng/mL, 
fed: 363 ng/mL), the area under the the plasma concentra-
tion–time curve from dosing to infinity (AUC​0→∞) of R406 
was similar (fasting: 6490 ng·h/mL, fed: 7140 ng·h/mL), and 
the 90% confidence interval for the ratio of the geometric 
means in both conditions was within the acceptable equiva-
lency range (Table 1) [53].

4.2 � Distribution

R406 is distributed to extravascular sites and the volume of 
distribution at a steady state is found to be 256 ± 92 L, based 
on the results of the radiotracer study [50, 51]. An in vivo 
study showed that R406 is widely distributed in all tissues, 
with the exception of the central nervous system [54]. This 
could be explained by R406 being a substrate of P-gp, which 
acts as an efflux pump at the blood–brain barrier [52]. R406 
distributes reversibly into the blood cell, and the red blood 

cell-to-plasma concentration ratio is approximately 2.6 [54, 
55].

In vitro studies showed that R406 had a mean binding of 
96.3% to purified human serum albumin (HSA) and that to 
purified alpha-1 acid glycoprotein was 75.5%; hence R406 
is highly bound to plasma proteins [50, 51, 54]. Although 
HSA is known to have several drug-binding sites [56], the 
information on the binding sites of HSA and R406 is not 
available. When R406 was administered in combination with 
drugs that bind more tightly to the same site, an increase in 
the concentration of unbound R406 should be concerned. 
Moreover, low albumin levels associated with malnutrition 
or cirrhosis may also affect the increase in unbound R406 
concentration. Martin et al. showed that the patients with 
cirrhosis had a higher unbound R406 ratio compared with 
healthy patients [57]. Further study is needed to explore the 
R406 binding site to HSA and the correlation between an 
elevated unbound R406 concentration and the frequency and 
severity of adverse events.

4.3 � Metabolism

For evaluating the  major metabolic pathways of R406, 
several in vitro studies and a human mass balance study 
in healthy subjects were performed [48]. A summary of 
the metabolic pathways after fostamatinib administra-
tion is shown in Fig. 3. After incubation of R406 with 
human hepatic microsomes in vitro, R406 levels gradually 
decreased, and the para-O-demethylated metabolite of R406 
(R529) was identified. When the effects of the chemical 
inhibitors of cytochrome P450 [CYP] (ketoconazole, 3A4; 
furafylline, CYP1A2; quinidine, CYP2D6; sulfaphenazole, 
CYP2C9; and 3-N-benzylnirvanol, CYP2C19) on R406 
metabolism were assessed, only ketoconazole could inhibit 
R529 production [48, 58]. Thus, R406 was predominantly 
metabolized by CYP3A4. Additionally, direct N-glucuron-
ide conjugates of R406 (M647) were observed after incu-
bation in hepatic microsomes with UDP-glucuronic acid, 
and further studies revealed that UGT1A9 was involved in 
this reaction [48, 54]. Consistent with in vitro findings, after 
C14-labeled fostamatinib was administered in a mass balance 
study, three minor peaks—M647, O-glucuronide conjugate 
R529 (M633), and sulfate conjugate of R529 (M537)—
were identified [48]. However, these metabolites (M647, 
M633, and M537) accounted for less than 3% of the total 
radioisotopes in human plasma [48]. In summary, R406 is 
mainly metabolized by CYP3A4 and UGT1A9 in the liver. 
Although there is no information on which metabolic path-
way predominantly metabolizes R406, a drug–drug interac-
tion with CYP3A4 inhibitors and inducers should be con-
sidered in clinical practice.
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4.4 � Elimination

In the human mass balance study, 80% of the radioactiv-
ity was recovered in feces within 96 hours, and 19.3% was 
recovered in urine within 72 h. Therefore, hepatic clearance 
was a major clearance pathway of R406 [48]. In cynomol-
gus monkeys, 68.9% of the administered radioactivity was 

transported into the bile. Biliary metabolites consisted of 
M647, M633, and M537 [59]. In pooled feces, two major 
radioactive peaks were observed via liquid chromatography-
tandem mass spectrometry; one was R406 (m/z 471), and the 
other was M413; the 3,5-benzene diol metabolite of R406. 
Although fostamatinib, R406, M647, and conjugates of 
R529 (M633 and M537) may all be present in the intestinal 

Fig. 3   Graphical scheme of fostamatinib pharmacokinetics. Fostam-
atinib was designed as a prodrug cleaved to R406 by alkaline phos-
phatase in the intestine. R406 was mainly metabolized by cytochrome 
P450 (CYP) 3A4 and UGT1A9 in the liver. In human plasma, R406 
and other three metabolites (M647, M633, and M537) were detected; 
however, these three accounted for less than 3%. In the human mass 

balance study, almost 80% of the radioactivity was recovered in feces, 
which consisted of two primary metabolites: one was R406 and the 
other was M413; the 3,5-benzene diol metabolite of R406. The other 
20% of metabolites were eliminated into urine as an N-glucuronide 
R406 (M647)
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tract, production of M413 was observed only from R529 
in the incubation of human feces under in vitro anaerobic 
conditions [48, 59]. These results indicate that the biliary 
metabolite (M647, M633, and M537) once hydrolyzed to 
R406 and R529, then R529 was O-demethylated and dehy-
droxylated by anaerobic gut bacteria. In urine, the major 
metabolite was M647, and a negligible level of R406 was 
detected (Fig. 3).

Among six healthy male subjects (aged 19–35 years) who 
participated in the mass balance study, the ratio of R406 to 
M413 in feces varied among the individuals (R406:M413; 
1:0.18–11.6) [48]. This may be due to individual differences 
in the metabolic activity of CYP3A4, which metabolizes 
R406 to R529, or that of gut microbiota, which metabo-
lizes R529 conjugates to M413. Given that R529 and its 
conjugates were not detected in feces, the occurrence of the 
former was more likely [48]. In addition, diarrhea is a com-
mon AE associated with fostamatinib therapy. Although the 
mechanism of this AE has not been elucidated, it cannot be 
denied that metabolites excreted and retained in the intes-
tinal tract might cause intestinal toxicity. The relationship 
between diarrhea and the individual differences in fecal 
metabolites should be investigated.

4.5 � PK Profiles in Healthy Volunteers and Patients

Baluom et al. reported three clinical studies to evaluate the 
human PK properties of R406 in healthy subjects [53]. The 
PK parameters are summarized in Table 1. The first was a 
single ascending dose (80, 250, 400, 500, 600 mg) study of 
orally administered R406 besylate formulated in a d-alpha-
tocopheryl-polyethylene-glycol-1000 succinate/propylene 
glycol (40:60) solution. The concentration-time curve of 
R406 revealed a rapid absorption phase (tmax: 1.1–1.5 h) 
and a bi-phase decline in plasma concentrations (terminal 
elimination half-life [t1/2]: 12.9–20.9 h) [53]. The systemic 
exposure (Cmax and AUC​0→∞) linearly increased when the 
dose ranged from 80 to 400 mg, although the exposure was 
essentially unchanged from 400-mg to 600-mg doses [53]. 
Second, they conducted a single oral dose study (80, 250, 
and 400 mg) and multiple repeated-dose studies (160 mg 
twice daily) of fostamatinib suspension. After administra-
tion, the R406 concentration reached a peak within 1–2 h, 
which was consistent with the results of R406 oral adminis-
tration, indicating that fostamatinib was rapidly hydrolyzed 
and absorbed into the blood (Fig. 4) [53]. The linearity of 
R406 systemic exposure was observed only in the range of 
80–250 mg of the fostamatinib dosage but not in 400 mg 
[53]. These results indicated that there was saturation of 
R406 absorption into the systemic circulation. Therefore, 
the initial dose of fostamatinib is set at between 100 and 250 
mg in a clinical trial. Given that the active moiety, R406, 
and its N-glucuronide have existed in the intestinal tract, 

the possibility of entero-hepatic cycling and its effect on 
systemic circulation should be considered. Contrary to this 
expectation, the apparent secondary peak was not observed 
in the PK profile after fostamatinib oral administration in 
any phase I PK study (Fig. 4).

Absolute bioavailability was estimated at 55% accord-
ing to the results of oral administration of fostamatinib 150 
mg and intravenous administration of R406 100 µg. In this 
micro-dose intravenous study, t1/2 and clearance were 15.3 h 
and 15.7 L/h, respectively. These parameters were consistent 
with those in the dose-ascending trial and might suggest that 
saturation has not occurred in the metabolism and excretion 
in clinical doses of fostamatinib.

After repeated administration of fostamatinib 160 mg 
BID in healthy volunteers, an approximately 2-fold to 2.5-
fold increase of R406 exposure was observed at day 7 as 
shown in Table 1, and fostamatinib achieved steady state 
following 3–4 days of administration BID [53]. As fostam-
atinib has been investigated for the treatment of RA, PK 
parameters of R406 were confirmed in patients who had 
stable disease with a weekly MTX regimen [60]. The PK 
parameters are shown in Table 1 and the data obtained from 
the patients were comparable to those from healthy volun-
teers [60].

4.6 � PK Profiles in Special Populations

A phase I open-label clinical trial was performed to inves-
tigate the effect of renal or hepatic impairment on the R406 
PK parameters [57]. Specifically, the criterion for renal func-
tion was determined by a creatinine clearance (mL/min) 
scale and dialysis requirements. The enrolled patients were 
divided into three groups (normal; 80 ≤ creatinine clearance, 
moderate; 30 ≤ creatinine clearance < 50, end-stage kidney 
disease; requiring hemodialysis). The results of the R406 
PK parameters after a single oral dose of fostamatinib 150 
mg are shown in Table 1. Each parameter indicated that fos-
tamatinib could be administered regardless of the extent of 
renal impairment and the timing of hemodialysis in patients 
with end-stage kidney disease [57].

In addition, the criterion for hepatic impairment was 
determined based on the Child-Pugh score system, and the 
patients were divided into four groups (no hepatic impair-
ment, mild; class A, moderate; class B, severe; class C). As 
hepatic metabolism by CYP3A4 and UGT1A9 is involved in 
the R406 pharmacokinetics [48], hepatic impairment could 
have a significant effect on its blood concentration; however, 
the PK parameters of R406 were consistent regardless of 
hepatic function, as shown in Table 1. Moreover, hypoalbu-
minemia due to hepatic impairment could influence the pro-
tein-binding rate, and unbound R406 concentration was also 
evaluated at 1, 6, and 24 h after fostamatinib administration. 
At all sampling times, the geometric mean of the unbound 
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R406 ratio was the highest (60%) in the group with severe 
hepatic impairment compared with healthy patients [57]. 
Increased unbound drug concentrations could lead to indi-
vidual differences in therapeutic efficacy and the incidence 
of AEs. Further analysis based on accumulated experience 
in clinical use to special populations is needed.

4.7 � Drug–Drug Interactions

Several studies have examined the influence of drug–drug 
interactions of fostamatinib, and the results are summarized 
in Tables 2 and 3. As R406 is metabolized by CYP3A4 
[48], CYP3A4 inhibitors or inducers may affect the R406 
PK parameters. Martin et al. performed clinical studies 
of drug–drug interactions between fostamatinib and the 
CYP3A4 modulator ketoconazole (a potent inhibitor), vera-
pamil (a moderate inhibitor), and rifampicin (an inducer) 
[58]. The co-administration of ketoconazole increased the 
R406 plasma concentration (Cmax and area under the plasma 
concentration–time curve [AUC]) and prolonged tmax and 
t1/2 [58]. Verapamil also increased AUC and t1/2, whereas 
there was no consistent effect on Cmax and tmax [58]. The co-
administration of rifampicin was associated with a reduction 
of approximately 75% in AUC and 60% in Cmax of R406 
[58]. CYP3A4 is also involved in the metabolism of oral 
contraceptives, especially ethinylestradiol. Concomitant 
dosage of fostamatinib and oral contraceptives significantly 
increased the Cmax and AUC of ethinylestradiol by 34.7% 
and 28.2%, respectively [61]. In addition, PK and PD inter-
actions between fostamatinib and warfarin, an anticoagulant, 
were also reported in healthy volunteers [61]. Warfarin is a 
racemic mixture comprising equal proportions of S-warfarin 
and R-warfarin. CYP2C9 is responsible for the metabolism 
of S-warfarin, while R-warfarin is metabolized to inactive 
hydroxylated compounds by CYP1A2, CYP2C19, and 
CYP3A4 [62, 63]. Fostamatinib increased the systemic 
exposure to R-warfarin by 17.8%, whereas there was no dif-
ference in Cmax. These small fluctuations in warfarin phar-
macokinetics did not translate into changes in the prothrom-
bin time-international normalized ratio as a PD marker until 
168 h post-dose [61].

For evaluating R406 as a CYP inducer, an in vitro assay 
was performed using human hepatocytes [64]. R406 (3 µM 
and 10 µM) induced CYP2C8 to 52.8% and 74.7%, respec-
tively, of the level achieved by rifampicin as a positive con-
trol, whereas R406 had minor effects on other CYP subtypes 
such as CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP3A4, 
and CYP3A5. Therefore, a clinical trial was carried out to 
evaluate the influence of fostamatinib on the pharmacoki-
netics of pioglitazone, which is a potent CYP2C8 substrate 
[64]. Consequently, there were relatively small differences 
in the AUC​ of pioglitazone and its metabolite hydroxy piogl-
itazone, regardless of the co-administration of fostamatinib. 

These results suggest that fostamatinib is unlikely to have 
a clinically significant effect on pioglitazone, and the result 
could potentially be extrapolated to other CYP2C8 sub-
strates [64].

As pH changes in the gastrointestinal tract could affect 
bioavailability, the effect of ranitidine, an H2 blocker, on 
the pharmacokinetics of fostamatinib was evaluated [49]. 
Ranitidine decreased R406 AUC and Cmax by less than 5% 
and had modest effects on R406 exposure [49].

Several studies reported drug–drug interactions via trans-
porters related to fostamatinib and R406. An in vitro assay 
showed that fostamatinib was determined to be an inhibitor 
of digoxin, a P-gp substrate drug (IC50 = 3.2 μM), whereas 
R406 did not show inhibitory activity even at the highest 
soluble concentration [52]. As fostamatinib did not appear 
in blood plasma, inhibiting intestinal P-gp by fostamatinib 
could cause a drug–drug interaction. The ratio of the theo-
retical intestinal concentration (I2) and IC50 can be used to 
estimate whether there could be a drug–drug interaction 
related to transporter inhibition in the intestine [65]. Intes-
tinal concentration/IC50 of P-gp after fostamatinib 100 mg 
was approximately 216 (I2 = 691 μM, fostamatinib molecu-
lar weight = 578.52) [52, 66]. Drug interaction guidance 
from the FDA suggested that there exists a potential for a 
drug–drug interaction if [I2]/IC50 is >10; thus, considerable 
attention should be paid when fostamatinib is co-adminis-
tered with P-gp substrates [65]. When digoxin, a substrate 
of P-gp, was co-administered with fostamatinib, the digoxin 
geometric mean AUC and Cmax increased by 36.6% and 

fostamatinib   80 mg

fostamatinib 400 mg
fostamatinib 250 mg
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Fig. 4   Plasma R406 concentration after a single oral administration 
of fostamatinib. Plasma R406 concentrations (ng/mL) in healthy 
human volunteers after an oral administration of a single dose of 80 
mg, 250 mg, and 400 mg of fostamatinib in phase I clinical trial. 
Blood samples were collected at pre-dose, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 
8, 10, 12, 16, 24, 32, 48, 56, 72, 96, and 120 h after dosing. Repub-
lished with permission of John Wiley & Sons [53]; permission con-
veyed through Copyright Clearance Center, Inc.
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65.2%, respectively, although there were no serious AEs 
due to elevated exposure [52].

R406 also inhibited OATP1B1-mediated probe substrate 
([3H] estradiol glucuronide) uptake, but the IC50 was greater 
than 10 μM. It had no effect on the probe substrate ([3H] 
methotrexate) uptake via OAT3 [66] and did not inhibit 
MRP2, OAT1, or OCT2 [54].

Moreover, both fostamatinib and R406 strongly inhibited 
the BCRP-mediated transport of estrone 3-sulfate, with IC50 
values of 0.050 and 0.031 μM, respectively [66]. Compared 
with those of other drugs known to have BCRP inhibition, 
the IC50 values of fostamatinib and R406 against estrone 
3-sulfate were equivalent or much stronger than those of 
eltrombopag (0.04 µM), imatinib (0.4 µM), sulfasalazine 
(0.56 µM), and cyclosporine (6.7 µM) [66–68]. Intestinal 
concentration/IC50 of BCRP in orally administered fos-
tamatinib 100 mg was 13,820 [52, 66]. As this value was 
considerably higher than that of eltrombopag (75-mg dose, 
323), clopidogrel (75-mg dose, 15; 300-mg dose, 59), and 
ezetimibe (10-mg dose, 34), significant attention should 
be paid when fostamatinib is co-administered with known 
BCRP substrates, such as ciprofloxacin, acyclovir, cimeti-
dine, and especially statins [65, 66]. Martin et al. investi-
gated the effects of fostamatinib on the pharmacokinetics of 
rosuvastatin and simvastatin in healthy subjects. The results 
showed that fostamatinib increased the AUC and Cmax of 
rosuvastatin by 95.6% and 88.4%, respectively, and those 
of simvastatin by 64.1% and 112.5%, respectively [61, 66]. 
Keskitalo et al. reported that BCRP in the intestine restricted 
the rosuvastatin absorbance and bioavailability by 50% [69]. 
Therefore, this drug–drug interaction resulting in doubled 
AUC was thought to be caused by the inhibition of intestinal 
BCRP by fostamatinib and R406. In addition, the incidence 
of statin-induced rhabdomyolysis or myopathy was dose 
dependent [70], and thus, careful monitoring of laboratory 
values should be recommended upon co-administration of 
statins and fostamatinib.

4.8 � Population Pharmacokinetics of Fostamatinib

A few published studies and a regulatory filing assessed 
fostamatinib population pharmacokinetics [54, 71, 72]. 
Boström et al. reported the population PK model using 
data from three phase I studies in healthy volunteers, one 
phase II study, and three phase III studies in RA. These 
datasets included 5056 observations from 1441 subjects 
[72]. R406 concentration–time data were described by a 
two-compartment model with first-order, delayed absorp-
tion, and first-order elimination. For an individual with 
a 70-kg body weight and a daily dose of 200 mg, Css,ave, 
apparent oral clearance, and apparent oral volume of dis-
tribution at steady state was estimated to 446 ng/mL, 18.7 
L/h, and 410 L, respectively. The estimate absorption rate 
of constant was 1.55 h-1, and the lag time was 0.44 h [72]. 
The estimated DAUC​ss in patients with RA was 10,716 ± 
5028 ng·h/mL, while the mean daily dose was 194 ± 28.1 
mg [38]. The predicted average DAUC​ss in patients with 
ITP was 10,232 ng·h/mL for fostamatinib 100 mg BID and 
15,101 ng·h/mL for fostamatinib 150 mg BID, and no dif-
ference was observed by disease etiology [54]. In addition, 
the average DAUCss obtained in 12 patients with ITP was 
approximately 11,000 ng·h/mL, which is consistent with the 
results of population pharmacokinetics [38].

In addition, a population PK analysis revealed that body 
weight was an important covariate for both volume of dis-
tribution and clearance, but not age, sex, or race [38, 54]. 
R406 exposure decreases with an increase in body weight; 
in detail, the DAUC​ss were 7232, 5183, and 3936 ng·h/mL 
for subjects with body weight < 50 kg, 50–90 kg, and > 90 
kg, respectively [38]. This result suggests that weight-based 
dosing may be desirable for fostamatinib from the PK view. 
However, there was no difference in body weight in the ITP 
clinical trial between subjects who continuously received 
100 mg BID and those who received a dose escalation to 
150 mg BID. As the dose escalation was performed because 
of the platelet response of each patient, if there is a correla-
tion between therapeutic response and systemic exposure, 
there should be a difference in body weight in both groups. 

Table 2   Drug–drug interactions affected by R406 exposure

AUC​ area under the plasma concentration–time curve, CI confidence interval, Cmax maximum concentration, Ref. references

Co-administered drugs Dosage of co-adminis-
tered drugs (daily)

Dosage of fostam-
atinib (daily)

Analyte Geometric mean ratio (90% CI) References

AUC​ Cmax

Ketoconazole 200 mg twice 80 mg once R406 2.02 (1.77–2.30) 1.37 (1.23–1.53) [54, 58]
Verapamil 80 mg three times 150 mg once R406 1.39 (1.08–1.80) 1.06 (0.78–1.44) [54, 58]
Rifampicin 600 mg once 150 mg once R406 0.25 (0.19–0.32) 0.41 (0.30–0.56) [54, 58]
Rosuvastatin 20 mg once 100 mg twice R406 1.10 (1.04–1.16) 1.13 (1.02–1.25) [54, 61, 66]
Simvastatin 40 mg once 100 mg twice R406 1.11 (1.01–1.22) 1.12 (0.98–1.27) [54, 61]
Ranitidine 150 mg once 150 mg once R406 0.97 (0.80–1.18) 0.98 (0.71–1.34) [49, 54]
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Accounting for these results, the effect of systemic exposure 
fluctuated by weight seemed not to be as large as other back-
grounds such as the baseline platelet count. Therefore, an 
initial dose of fostamatinib was decided to be 100 mg BID 
regardless of weight [38]. In contrast, patients with a low 
body weight may have an unexpected increase in exposure. 
We need to extrapolate this important suggestion from the 
population PK analysis into the understanding of systemic 
exposure with treatment-related adverse effects.

5 � Safety and AEs of Fostamatinib

The incidence of AEs in the clinical trials is summarized 
in Table 4. In FIT1 and FIT2, 83% and 75% of patients 
experienced any AE in the fostamatinib and placebo 
groups, respectively. Hypertension, diarrhea, elevation of 
hepatic enzymes, and neutropenia were significantly asso-
ciated with fostamatinib treatment. Overall infections were 
slightly increased in the fostamatinib group compared with 
the placebo group (30% vs 21%). Most AEs were classi-
fied as either mild or moderate (81% in the fostamatinib and 
placebo groups). Patients receiving fostamatinib treatment 
had a higher rate of dose reductions (9% taking fostamatinib 
and 2% taking the placebo) or temporary dose interruptions 
(18% taking fostamatinib and 10% taking the placebo), and 
the common AEs leading to dose reductions were diarrhea 
and hypertension [8, 55].

In the OSKIRA-4 study, fostamatinib monotherapy was 
administered at three different doses: arm A (100 mg BID), 
arm B (100 mg BID for 4 weeks, followed by 150 mg QD as 
a maintenance dose), and arm C (100 mg BID for 4 weeks, 
followed by 100 mg QD as a maintenance dose) [21]. By the 
end of the observation period (week 24), dose-dependent 
increases in AEs were reported (72.2%, 60.4%, and 59.6% 
in arm A, B, and C). Serious AEs occurred in 9.3%, 2.1%, 
and 7.0%, respectively. Discontinuation because of AEs was 

16.7%, 12.5%, and 14.0% in arms A, B, and C. A dose-
dependent increase in diarrhea incidence was not observed. 
In considering the mechanism of diarrhea, previous research 
showed that R406 regulates mucin production in epithelial 
cells [73]. As mucin plays an important role as a biological 
mucosal barrier for limiting the direct contact of the epithe-
lium with microorganisms, mucin reduction accompanied by 
barrier disruption might result in the development of diar-
rhea [74]. As individual differences were observed in the 
excretion of R406 to the intestinal tract and feces [48], fur-
ther analysis is expected regarding the relationship between 
the intestinal metabolite concentration and the incidence of 
diarrhea.

An increase in BP was the off-target effect of fostam-
atinib, as R406 has inhibitory effects on VEGFR-1 and 
VEGFR-2 [40]. According to the results of ambulatory 
BP monitoring after 4 weeks of fostamatinib 100 mg BID, 
24-hour mean systolic BP and diastolic BP were significantly 
increased by 2.9 mmHg and 3.5 mmHg, respectively. This 
elevated BP returned to baseline 1 week after fostamatinib 
discontinuation [75]. In the OSKIRA-4 study, hypertension 
was prominent in patients receiving a high fostamatinib dose 
(13.0%, 6.3%, and 8.8% in arms A, B, and C) [21]. Accord-
ing to the meta-analysis for the cardiovascular risk of fos-
tamatinib in 5618 patients with RA, fostamatinib 100 mg 
BID significantly increased the relative risk of hypertension 
compared with the placebo group (relative risk: 3.82, 95% 
confidence interval 2.88–5.05) and the 100-mg QD group 
(relative risk: 1.98, 95% confidence interval 1.26–3.11), but 
not with the 150-mg QD group (relative risk: 0.94, 95% con-
fidence interval 0.80–1.10) [76].

In a phase II trial for non-Hodgkin lymphoma and chronic 
lymphocytic leukemia, 200 mg BID, a higher dose compared 
with the ITP and RA study, was selected. Common AEs 
such as diarrhea (41%) and hypertension (21%) were almost 
consistent with the results of FIT1 and FIT2. In contrast, 
neutropenia occurred in 31% of patients (6.0% of patients 

Table 3   Effect of fostamatinib drug–drug interactions on co-administered drugs

AUC​ area under the plasma concentration–time curve, CI confidence interval, Cmax maximum concentration, OC oral contraceptive, Ref. refer-
ences

Co-administered drugs Dosage of co-administered drugs 
(daily)

Dosage of 
fostamatinib 
(daily)

Analyte Geometric mean ratio (90% CI) References

AUC​ Cmax

Microgynon (OC) Ethinyl estradiol 30 µg once 100 mg twice Ethinyl estradiol 1.28 (1.22–1.36) 1.34 (1.26–1.43) [54, 61]
Microgynon (OC) Levonorgestrel 150 µg once 100 mg twice Levonorgestrel 1.05 (0.98–1.13) 0.91 (0.90–1.04) [54, 61]
Pioglitazone 30 mg 100 mg twice Pioglitazone 1.18 (1.08–1.28) 0.83 (0.64–1.07) [54, 64]
Digoxin 0.25 mg once 100 mg twice Digoxin 1.37 (1.30–1.46) 1.70 (1.46–1.98) [52, 54]
Warfarin 25 mg once 100 mg twice R-warfarin 1.18 (1.13–1.23) 1.02 (0.97–1.08) [54, 61]
Warfarin 25 mg once 100 mg twice S-warfarin 1.13 (1.07–1.19) 0.99 (0.93–1.06) [54, 61]
Rosuvastatin 20 mg once 100 mg twice Rosuvastatin 1.95 (1.77–2.15) 1.88 (1.69–2.09) [54, 61]
Simvastatin 40 mg once 100 mg twice Simvastatin 1.64 (1.33–2.02) 2.12 (1.64–2.74) [54, 61]
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in FIT1 and FIT2), and febrile neutropenia occurred in 7% 
of patients in this study [26]. An increase in neutropenia 
was observed in a dose-dependent manner in the TASKI-1 
trial. As there is little information on the R406 exposure and 
neutropenia, further analysis is expected for the safe use of 
fostamatinib in clinical settings.

According to animal reproduction studies, fostamatinib 
administration to pregnant rats or rabbits during organo-
genesis caused embryo-fetal mortality in a dose-dependent 
manner [50, 51, 77]. This was mainly because R406 was an 
inhibitor of RET kinase, resulting in urogenital and major 
vessel defects during development [54]. R406 was detected 
in maternal milk of rodents at concentrations five-fold to 
ten-fold higher than in maternal plasma [50]. Based on this 
evidence, fostamatinib has a potential risk to the fetus, and 
women of reproductive potential need contraception during 
treatment, and lactation should also be avoided for a month 
after the last dose [50, 51].

6 � PK/PD Assessment

6.1 � Exposure‑Efficacy Analysis

Maringwa et al. reported the PK/PD analysis of the effi-
cacy of fostamatinib in patients with RA [71]. This study 
included 641 patients from two phase II studies (TASKI-1 
and TASKI-2), and efficacy was described using ACR20 for 
26 weeks. Consequently, the ACR20 response was linearly 
related to the average R406 plasma concentration. Further-
more, elevated fostamatinib dosage from 100 mg BID to 
150 mg BID resulted in an increased dropout from treatment 
and a subsequent loss of efficacy. This integrated analysis to 
assess the correlation between exposure and response sup-
ported the dosage decision that fostamatinib 100 mg BID 
could have provided the optimal ACR20 efficacy in the next 
phase III trial [71].

A population PK/PD analysis was conducted using data 
from two phase III studies in patients with ITP. Blood plate-
let count was used as an efficacy marker. Of the 101 patients 
taking fostamatinib, 89 (88%) increased their dose from 100 
mg BID to 150 mg BID at or after week 4 [8]. During the 
24-week follow-up, a higher R406 concentration on average 
was evident in responders compared with non-responders 
only for week 12, but not in other observational times [54]. 
In addition, body weight was not a significant covariate in 
the exposure-response population model, although it affected 
R406 exposure, suggesting that body weight has little effect 
on the efficacy of fostamatinib [38, 54]. Thus, the response 
to fostamatinib treatment in patients with ITP is not only 
attributed to individual variability of R406 exposure. As 
the population PK/PD analysis of ITP was performed on a 
smaller population compared with RA, continuous analysis 

with post-marketing data is required. As well as the achieve-
ment of a platelet count goal at several timepoints, the plate-
let count as a continuous variable as a PD marker should be 
proposed for further exposure-efficacy analysis.

6.2 � Exposure‑Safety Analysis

A population PK/PD analysis was also performed to explore 
the relationship between R406 exposure and the incidence of 
AEs, such as hypertension, decreased neutrophil count, and 
increased liver enzyme and bilirubin levels. An increase in 
R406 exposure had little effect on liver enzymes and biliru-
bin levels. Although the neutrophil count tended to decrease 
with a higher exposure to R406, the maximum effect was 
relatively small and likely had no effect on clinical outcomes 
[54]. In addition, Boström et  al. reported an exposure-
dependent increase in BP using data from 1378 patients with 
RA in the OSKIRA trial [72]. In detail, a direct effect model 
adequately described the PK/PD relationship between sys-
temic exposure and BP. The estimated Emax and EC50 were 
10.2 mmHg and 16,300 ng·h/mL for systolic blood pres-
sure and 9.2 mmHg and 17,000 ng·h/mL for diastolic blood 
pressure, respectively [38, 72]. According to a population 
PK analysis, patients with a low body weight (< 50 kg) had 
an almost doubled R406 exposure compared with patients 
with a large body weight (> 90 kg) [38]. Together with these 
results, when considering the dose escalation especially in 
patients with a low body weight, healthcare providers need 
to be alert and carefully monitor the BP fluctuation for an 
early detection of hypertension.

7 � Conclusions and Future Perspectives

Fostamatinib is the first and only Syk inhibitor for treating 
adult patients with ITP who showed an insufficient response 
to a previous treatment. The PK parameters of R406 in 
patients with ITP were consistent with those in healthy 
patients. Even though severe hepatic function or end-stage 
kidney disease, including dialysis, showed little effect on 
its PK parameters, an increase of unbound R406 should be 
considered owing to hypoalbuminemia because R406 has 
a high protein binding ratio. R406 is dominantly metabo-
lized by CYP3A4 and UGT1A9 in the liver, and eliminated 
mainly in feces. In addition, R406 is a substrate of P-gp and 
fostamatinib is an inhibitor of P-gp. Both fostamatinib and 
R406 inhibit the BCRP transporter function. Thus, CYP3A4, 
P-gp, and BCRP are mainly related to the drug–drug interac-
tions of fostamatinib. In particular, the potential of a drug 
interaction via intestinal BCRP is important ([I2]/IC50 of 
fostamatinib 100 mg was 13,820), and this prediction is in 
line with the trial results showing the AUC of rosuvastatin 
is almost doubled when co-administered with fostamatinib. 
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Considerable attention should be paid to the elevated risk of 
statin-induced rhabdomyolysis.

According to the population PK analysis, body weight 
was a significant covariate affecting the systemic exposure 
of R406. In detail, the DAUC​ss was almost halved in patients 
weighing > 90 kg compared with that in patients weigh-
ing < 50 kg. These results suggested that weight-based 
initial dosing is preferable for constant R406 exposure 
among patients. However, in the PK/PD analysis evaluating 
the exposure efficacy of fostamatinib, responders showed 
higher R406 concentrations than those of non-responders 
but the threshold as a target concentration remains unknown. 
Moreover, the correlation between R406 exposure and the 
achievement of a platelet count goal as a PD marker was not 
evident. While integrating these results, fostamatinib was 
finally approved as a fixed dose at the start of treatment. If 
the platelet counts of patients could be maintained and major 
bleeding events could be regulated with 100 mg BID as an 
initial dose, increasing the dosage might not be necessary.

In contrast, the PK/PD analysis for exposure-safety indi-
cated that R406 exposure significantly correlated with the 
incidence of hypertension. Specifically, when considering 
the dose increase in patients with a low body weight, we 
should be alert and carefully monitor the BP fluctuation for 
the early detection of hypertension. Even though the rela-
tionship between the exposure and the other major toxicities 
including diarrhea and neutropenia remains unclear, careful 
management is required with the dose escalation to avoid 
toxicity-related discontinuation.

In conclusion, we focused on the pharmacodynam-
ics, pharmacokinetics, and safety profile of fostamatinib 
throughout its clinical development. For effective clinical 
development of fostamatinib to other diseases, and for fos-
tering and improving fostamatinib therapy in patients with 
ITP, continuous clinical studies are essential in terms of 
pharmacokinetics and pharmacodynamics.
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