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Abstract. Tirabrutinib, a selective inhibitor of Bruton's 
tyrosine kinase, is approved in Japan for the treatment 
of relapsed or refractory primary central nervous system 
lymphoma (PCNSL). Dysphagia complicates oral tablet 
administration in patients with PCNSL. In the present case 
report, the safety, efficacy and plasma concentration of tira‑
brutinib administered as a suspension via a nasogastric tube 
is evaluated, providing insights into alternative administra‑
tion methods and reviewing the relevant literature. In the 
present case, a 68‑year‑old man with PCNSL achieved two 
complete responses following methotrexate‑based therapies 
but subsequently relapsed. Owing to severe dysphagia, 
tirabrutinib was initially administered as a suspension via 
a nasogastric tube and orally, and later transitioned to oral 
tablets. Plasma tirabrutinib concentrations were comparable 
following administration via nasogastric tube, oral suspen‑
sion and oral tablets. After initiating tirabrutinib treatment, 
the patient remained clinically stable, with no recurrence 
of lymphoma for 1 year and no adverse events observed. A 
literature review identified 17 studies describing 19 patients 
who received a tyrosine kinase inhibitor (TKI) as a suspen‑
sion. Tirabrutinib remains a crucial treatment option for 
refractory PCNSL; however, alternative administration 

routes are required for patients with dysphagia. The present 
case demonstrated the feasibility and safety of tirabrutinib 
suspension administration, with plasma concentrations 
comparable to those achieved with tablet administration. 
Further pharmacokinetic studies are warranted to evaluate 
the administration of TKI suspensions in a broader patient 
population.

Introduction

Tirabrutinib, an orally selective and irreversible Bruton's 
tyrosine kinase (BTK) inhibitor, covalently binds to BTK (1). 
Primary central nervous system lymphomas (PCNSLs) are 
rare and aggressive extranodal lymphomas, with a rising 
incidence particularly in the elderly population  (2). While 
the majority of lymphoma cases are diffuse large B‑cell 
lymphomas, PCNSL exhibits significant clinicopathological 
and radiological diversity, and the diagnosis remains chal‑
lenging, often requiring invasive biopsies (3). Furthermore, 
the non‑germinal center B‑cell immunohistochemical subtype 
is more common in PCNSL than the germinal center B‑cell 
subtype, and is associated with unfavorable prognostic factors, 
such as advanced age (>60 years), a high Ki‑67 labeling index 
and a shorter overall survival time (4). PCNSLs are commonly 
treated with high‑dose methotrexate (MTX)‑based regimens 
or induction therapy comprising whole‑brain radiation therapy, 
followed by high‑dose systemic chemotherapy (5). Although 
highly responsive to first‑line chemotherapy and radiotherapy, 
~50% of patients with PCNSL experience relapse or refractory 
disease within 1 year (6). Tirabrutinib, a second‑generation 
BTK inhibitor, was first approved in Japan for the treatment 
of relapsed or refractory PCNSL. Tirabrutinib targets key 
signaling pathways, such as the nuclear factor‑κB pathway, 
which are critical for tumor cell survival (7). Patients with 
PCNSL often present with neurological deficits, and the 
clinical impact of dysphagia is particularly important in this 
population. Tablets with a total dimension >21 mm (length, 
width and thickness combined) have been reported to affect 
adherence in patients with swallowing disorders  (8). The 
tirabrutinib tablet has a combined dimension of 21.5 mm. 
Therefore, administering tirabrutinib in patients with PCNSL 
can be difficult in cases where oral administration is not 
feasible. If tirabrutinib therapy is critical, administration of 
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tirabrutinib as a suspension may be necessary. However, the 
manufacturer does not provide pharmacokinetic or safety data 
for tirabrutinib administered as a suspension or in crushed 
form. Two previous reports have described the administration 
of tirabrutinib suspension via a nasogastric tube in patients 
with PCNSL (9,10), but none have reported plasma concentra‑
tions. In the present case report, the safety, efficacy and plasma 
concentration of tirabrutinib administered as a suspension is 
evaluated in a patient with an inability to swallow tablets. 
Additionally, the relevant literature on the suspension admin‑
istration of other tyrosine kinase inhibitors (TKIs), similar to 
that described in the present case, is reviewed.

Case report

A 68‑year‑old man first presented in February 2023 to 
Tokyo Metropolitan Bokutoh Hospital (Tokyo, Japan) with 
weakness in the right leg and diplopia in the right eye. The 
diagnosis of primary central nervous system lymphoma 
(PCNSL) was established based on cerebrospinal fluid (CSF) 
cytology, immunocytochemical analysis and flow cytometric 
immunophenotyping, in conjunction with characteristic 
radiological findings. CSF cytology revealed clusters of 
atypical large lymphoid cells with irregular nuclei and 
prominent nucleoli. Immunocytochemical staining demon‑
strated strong membranous CD20 expression in the majority 
of atypical cells, and Ki‑67 staining showed a high prolif‑
erative index. Flow cytometry confirmed a dominant B‑cell 
population expressing CD19 and CD20. Given the typical 
MRI findings (Fig. 1A) and the clinical context, a diagnosis 
of PCNSL was made. A stereotactic brain biopsy was not 
performed due to the deep midbrain location of the lesion and 
the associated procedural risk. After diagnosis, the patient 
received intrathecal chemotherapy consisting of 40 mg/body 
prednisolone, 15 mg/body methotrexate and 40 mg/body 
cytarabine per administration. In parallel, the patient under‑
went methotrexate‑based systemic chemotherapy combined 
with rituximab for four cycles. Rituximab was administered 
at 375 mg/m² on day 1 of each 21‑day cycle, and high‑dose 
methotrexate was administered at 3,500 mg/m² on day 3. 
Brain magnetic resonance imaging (Fig. 1B) demonstrated 
disappearance of the intracranial lesions, and the patient was 
judged to have achieved a complete response (CR). However, 
3 months later, the patient relapsed and was treated again with 
four cycles of intrathecal MTX, cytarabine and steroids using 
the same dosing as previously applied. This was followed by 
whole‑brain radiotherapy delivered at a total dose of 36 Gy 
in 20 fractions, which resulted in another CR. At 1‑month 
post‑CR, the patient presented with facial paralysis (inability 
to close the right eye), dysphagia and gait instability. Brain 
magnetic resonance imaging (MRI) confirmed a second 
relapse (Fig. 1C). Intrathecal MTX, cytarabine and steroids 
were reintroduced at the same dosage as previously applied, 
and tirabrutinib was initiated. Tirabrutinib was adminis‑
tered at a dose of 480 mg once daily on an empty stomach, 
which is the approved dose in Japan for the treatment of 
relapsed/refractory PCNSL. Owing to severe dysphagia 
caused by facial paralysis, a nasogastric tube was inserted 
and tirabrutinib was administered as a suspension through 
this once daily. Following a protocol similar to that reported 

by Yoshioka et al (9), six tablets of tirabrutinib (80 mg) were 
placed in a container, 20 ml of warm water at 55˚C was 
added and the mixture was left for 10 min to dissolve. After 
confirming complete dissolution of the tirabrutinib tablets 
in the container, the resulting suspension was drawn into a 
syringe and administered via the nasogastric tube. To ensure 
complete administration of the suspension and prevent tube 
obstruction, the nasogastric tube was flushed with 20 ml of 
water after administering the suspension. Upon admission 
in November 2023, the patient received nutritional support 
via a nasogastric tube, and the facial paralysis gradually 
improved. Notably, the patient's dysphagia showed marked 
clinical improvement within 10 days of tirabrutinib initia‑
tion, allowing the patient to transition to an oral suspension 
(480 mg once daily) by day 11. By day 22, the patient was 
able to swallow food and tirabrutinib tablets. The patient was 
discharged on day 23, and oral tablets (480 mg once daily) 
were continued thereafter. No adverse events were observed 
during the suspension administration period.

Blood samples were collected on day 5 of tirabrutinib 
treatment with the patient's consent. Plasma tirabrutinib 
concentration (C2) was evaluated 2  h after tirabrutinib 
administration. This was based on the assumption that C2 
would be close to maximum plasma concentration (Cmax), 
given that the mean time to Cmax was 2.87 h (11). C2 samples 
(50 µl plasma) were evaluated using high‑performance liquid 
chromatography (HPLC) coupled with ultraviolet (UV) spec‑
troscopy. The HPLC system included pumps (PU‑4180), a UV 
detector (UV‑4075) and an autosampler (AS‑4550) (Jasco 
Corporation). The mobile phase comprised 0.5% potassium 
dihydrogen phosphate (KH2PO4, pH 4.5) and acetonitrile 
(58:42, v/v), pumped at a flow rate of 1.2  ml/m at 22˚C. 
Tirabrutinib and ibrutinib (internal standard) were detected 
at 215  nm using Capcell Pak C18 MG II reversed‑phase 
columns 250x4.6 mm (length x inner diameter) (Osaka Soda 
Co., Ltd.). The accuracy, precision, pretreatment recovery 
rate and sample stability of this tirabrutinib detection 
method were validated according to the U.S. Food and Drug 
Administration (12).

Hepatic function, which influences tirabrutinib metabolism, 
was judged to be normal in the patient since blood tests showed 
that hepatobiliary enzyme levels (aspartate aminotransferase, 
alanine aminotransferase and total bilirubin) were within the 
reference ranges. Concomitant previously prescribed medica‑
tions included 10 mg/day epinastine, 990 mg/day magnesium 
oxide, 20  mg/day famotidine, 1  mg/day eszopiclone and 
900 mg/day acetaminophen, none of which interacted with 
tirabrutinib. C2 values on days 5, 6, 8, 22 and 112 were 1,057, 
1,064, 1,002, 1,085 and 1,042 ng/ml, respectively. Suspension 
was administered via the nasogastric tube on days 5, 6 and 8, 
whereas oral suspension was administered on day 22 (Fig. 2). 
Additionally, serum soluble interleukin‑2 receptor (siL‑2R) 
levels (normal reference range, 157‑474 U/ml) decreased from 
795 U/ml at relapse to 607 U/ml on day 8 and to 532 U/ml 
on day 147 after the initiation of tirabrutinib. Oral tirabrutinib 
tablets were administered on day 112 during the outpatient 
visit. Follow‑up visits were conducted approximately every 
2 months, and brain magnetic resonance imaging was performed 
approximately every 6 months. At the 1‑year follow‑up in 
November 2024, the patient remained clinically stable, with no 
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evidence of intracranial or intraorbital lymphoma recurrence 
on brain MRI. Tirabrutinib treatment has been continuously 
maintained, and complete remission has been sustained as of 
December 2025.

Literature review

Using PubMed (https://pubmed.ncbi.nlm.nih.gov/), 17 studies 
describing 19 patients who were administered TKI suspension 
were identified (9,10,13‑27). These cases are summarized in 
Table I. The duration of suspension administration ranged 

from 2 days to 14 months. As in the present case, tirabrutinib 
was the most frequently used TKI (4 patients), followed by 
alectinib (3 patients). Lung cancer was the most common 
malignancy (10 patients). Pharmacokinetics study and blood 
levels of TKIs were not evaluated in any of the 17 articles.

Discussion

Treatment options for refractory PCNSL are limited, and 
tirabrutinib remains a crucial therapeutic choice. For patients 
with dysphagia, alternative administration routes such as 

Figure 1. Serial brain coronal fluid‑attenuated inversion recovery images of the brain. (A) At initial presentation, hyperintense lesions were observed in the 
brainstem region. (B) After chemotherapy, complete radiographic resolution of the lesions was confirmed. (C) At second relapse, recurrent hyperintense lesions 
were detected in the same anatomical region. The red circles indicate the area of interest.

Figure 2. Course of tirabrutinib administration and plasma concentrations. Circles indicate maximum plasma concentrations of tirabrutinib (ng/ml). The 
patient received 480 mg tirabrutinib once daily on an empty stomach. Tirabrutinib suspension was administered via a nasogastric tube for the first 10 days and 
then orally from days 11 to 22.

https://www.spandidos-publications.com/10.3892/ol.2026.15531
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nasogastric or gastrostomy tubes may be essential. To the best 
of our knowledge, this is the first report to evaluate plasma 
tirabrutinib concentrations following suspension administra‑
tion via a nasogastric tube or oral administration in a patient 
with PCNSL.

The C2 values obtained in the present case during naso‑
gastric and oral administration of tirabrutinib suspension 

(from days 5 to 22) were comparable to the Cmax (1,220 ng/ml) 
reported in a previous study (28) involving a dose of 480 mg/day 
under fasting conditions. Additionally, the C2 value on day 112 
was consistent with that reported in the previous study (28). 
However, it must be noted that the reliance on C2 (a single‑point 
measurement) provides only a limited snapshot of the drug's 
bioavailability. Without area under the curve (AUC) data, 

Table I. Cases of administration of tyrosine kinase inhibitor suspension.

	 Tyrosine				  
	 kinase				    Administration route and
First author, year	 inhibitor	 Malignancy	 Age, years	 Sex	 daily dosage (duration)	 (Refs.)

Yoshioka et al, 2021	 Tirabrutinib	 PCNSL	 76 	 Female	 Nasogastric tube, 480 mg	 (9)
					     (14 days)
Yoshioka et al, 2022	 Tirabrutinib	 PCNSL	 77/77/70	 Female/	 Nasogastric tube, 480 mg	 (10)
				    female/female	 (data not shown)
Okahashi et al, 2020	 Ibrutinib	 Mantle cell lymphoma	 70	 Male	 Nasogastric tube, 560 mg	 (13)
					     (90 days)
Alsuliman et al, 2018	 Ibrutinib	 Mantle cell lymphoma	 69	 Male	 Nasogastric tube, 560 mg	 (14)
					     (2 days)
Molinaro et al, 2019	 Lenvatinib	 Thyroid cancer	 62	 Female	 Nasogastric tube, 20 mg	 (15)
					     (1 month); 10 mg (1 month)
Kawano et al, 2020	 Lenvatinib	 Thyroid cancer	 54	 Female	 Nasogastric tube, 10 mg	 (16)
					     (10 days)
Tani et al, 2022 	 Osimertinib	 Lung cancer	 78	 Female	 Nasogastric tube, 80 mg	 (17)
					     (20 days)
Takeda et al, 2017	 Osimertinib	 Lung cancer	 73	 Female	 Nasogastric tube, 80 mg	 (18)
					     (20 days)
Suzumura et al, 2014	 Gefitinib	 Lung cancer	 72	 Female	 Nasogastric tube, 250 mg	 (19)
					     (9 months)
Bejarano Varas	 Alectinib	 Lung cancer	 66	 Female	 Nasogastric tube and	 (20)
et al, 2019					     percutaneous endoscopic
					     gastrostomy tube, 1,200 mg
					     (30 days)
Kanai et al, 2017	 Alectinib	 Lung cancer	 76	 Female	 Nasogastric tube, 600 mg	 (21)
					     (14 months)
Thomas et al, 2021	 Alectinib	 Lung cancer	 90	 Male	 Nasogastric tube and	 (22)
					     percutaneous endoscopic 
					     gastrostomy tube, 1,200 mg 
					     (6 months)
Bosch‑Barrera	 Erlotinib	 Lung cancer	 60	 Female	 Nasogastric tube, 150 mg	 (23)
et al, 2014					     (5 days)
Sasaki et al, 2021	 Lorlatinib	 Lung cancer	 71	 Male	 Nasogastric tube, 100 mg	 (24)
					     (4 weeks)
Wang et al, 2023	 Lorlatinib	 Lung cancer	 49	 Male	 Nasogastric tube, 100 mg	 (25)
					     (18 days)
Jang et al, 2024	 Trametinib, 	 Lung cancer	 44	 Female	 Nasogastric tube, 300 mg	 (26)
	 dabrafenib				    (33 days); Nasogastric tube, 
					     2 mg (33 days)
Muta et al, 2010 	 Imatinib	 Chronic myeloid	 64	 Female	 Nasogastric tube, 400 mg	 (27)
		  leukemia			   (3 days); 600 mg (5 days)

PCNSL, primary central nervous system lymphoma.
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bioequivalence cannot be definitively confirmed. Future 
pharmacokinetic evaluations should consider the 24‑h AUC 
rather than C2 alone. In the present case, dysphagia markedly 
improved in the patient within 10 days of initiating tirabru‑
tinib suspension. This clinical improvement is consistent 
with previous reports (9,10), which showed that tirabrutinib 
suspension can induce a partial response within 2‑4 weeks. 
In the present case, this clinical recovery was accompanied 
by a rapid decrease in serum sIL‑2R levels. This reduction in 
the tumor marker is consistent with effective drug absorption 
and an early antineoplastic effect, which likely contributed to 
the resolution of neurological symptoms. While the clinical 
improvement with regard to dysphagia may not be solely 
attributed to tirabrutinib, as the effects of intrathecal MTX, 
cytarabine and steroids must be considered, the administration 
of suspension was nonetheless the essential facilitator for treat‑
ment initiation. No adverse events were observed during either 
nasogastric or oral administration of the suspension. Although, 
to the best of our knowledge, only 5 cases of PCNSL treated 
with tirabrutinib suspension have been published to date (9,10), 
including the present case, the administration of tirabrutinib 
suspension appears to be a viable treatment option for patients 
with relapsed or refractory PCNSL who are unable to swallow 
tablets. However, it cannot be definitively concluded that the 
tirabrutinib suspension and tablet formulations are bioequiva‑
lent based on this single‑point measurement. This suspension 
administration method has off‑label use, but it was performed 
with informed consent to save the patient's life. Therefore, 
suspension administration requires careful handling. Future 
prospective studies with serial blood sampling are warranted 
to evaluate the full pharmacokinetic profile and long‑term 
efficacy of tirabrutinib suspension in this patient population.

An aging population likely results in an increased number 
of elderly patients with dysphagia and poor adherence to TKI 
therapy. Feeding tube placement has not been associated 
with improved survival or post‑discharge outcomes in older 
hospitalized adults with dementia (29). Alectinib suspension 
has been reported to be safe and effective in patients with 
anaplastic lymphoma kinase‑positive non‑small cell lung 
cancer and poor performance status after failure of 14‑month 
crizotinib therapy with continuous treatment via a feeding 
tube (21). In several case reports, alternative administration 
of TKI suspensions to patients with transient dysphagia 
associated with cancer progression and inability to be treated 
orally improved the dysphagia and other tumor‑related 
symptoms (such as dyspnea and impaired consciousness), 
allowing the initiation of oral therapy (9,10,13‑17,20,23‑26). 
The patient in the present report also showed improvement 
in swallowing function after 10 days of administration of 
tirabrutinib suspension. However, the administration of TKIs 
in suspension form is not officially approved or recommended 
by pharmaceutical companies, making it an off‑label use in 
clinical practice. Consequently, in routine clinical practice, 
TKI suspensions may have to be administered via nasogastric 
tubes. Pharmacokinetic studies on the administration of TKI 
suspensions have been conducted for gefitinib  (30), alec‑
tinib (31), dacomitinib (32), dasatinib (33) and pazopanib (34). 
For gefitinib and alectinib administered to healthy volunteers, 
the AUC and Cmax were generally similar for suspensions, 
tablets and capsules  (30,31). For dacomitinib, Cmax and 

AUC were significantly decreased when administered via 
percutaneous feeding gastrostomy tubes compared with oral 
administration of tablets, in patients with locally advanced 
head and neck squamous cell carcinoma  (32). Compared 
with oral tablet administration, greater mean drug exposure, 
decreased half‑life and higher Cmax were observed in patients 
receiving dasatinib via percutaneous endoscopic gastrostomy 
tubes (33). In a phase I study evaluating pharmacokinetics, 
the administration of a single dose of pazopanib suspension 
increased AUC and Cmax and decreased time to Cmax in patients 
with advanced cancer, indicating an increased rate and extent 
of oral absorption compared with administration of the whole 
tablet (34). Pharmacokinetic changes in suspension vary by 
TKI; for instance, dacomitinib shows decreased exposure via 
tubes, while pazopanib shows increased absorption (32,34). 
Such variability necessitates caution when extrapolating 
results. Therefore, further studies are warranted to evaluate 
the pharmacokinetics, safety and clinical outcomes of tira‑
brutinib and other TKIs in suspension form across a broader 
patient population. Furthermore, as tirabrutinib and other 
TKIs are antineoplastic agents, healthcare staff must follow 
hazardous drug handling guidelines, such as using closed 
systems or personal protective equipment during preparation 
of suspensions to prevent occupational exposure.

In conclusion, the present case demonstrates the potential 
feasibility and efficacy of tirabrutinib suspension for patients 
with PCNSL and severe dysphagia. While C2 levels were 
comparable across different administration routes, the lack of 
comprehensive AUC data and the small sample size remain 
significant limitations. In the relevant literature, 19  cases 
of administration of TKI suspension have been reported; 
however, pharmacokinetic studies were not evaluated in these 
cases.
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