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1. Introduction

The development and widespread use of oral anticancer 
agents (OAAs) in recent years have led to an increase in 
outpatient cancer treatment. This shift offers advantages, 
such as reduced hospital visits and decreased physical 
and psychological burden, thereby maintaining the 
patients' quality of life. However, ensuring patient 
adherence is crucial for maximizing the efficacy of 
oral therapies (1). Older individuals and patients with 
advanced cancer often experience dysphagia, making 
oral administration challenging with potential treatment 
interruptions. In Japan, the clinical burden of dysphagia 
has been increasing; for example, the incidence of 
aspiration pneumonia, which is a major complication of 
dysphagia, rose by 53.7% between 2005 and 2019, with 
the majority of cases observed in individuals aged 70 
years or older (2). Alternatively, OAA suspensions can 
be administered via feeding tubes.

	 In Japan, the simple suspension method (SSM), 
developed in 1997 and officially recognized in 2020, is 
now reimbursed under the Japanese medical insurance 
system (3). SSM involves suspension of tablets and 
capsules in warm water without physical crushing, 
further improving the stability and reducing the risk 
of exposure for healthcare providers and caregivers. 
However, data on the feasibility, stability, and 
pharmacokinetics of individual OAAs in suspension 
remain limited, highlighting the need for evidence-based, 
safe, and effective use (3). Treatment decisions should 
consider the therapeutic goals (e.g., adjuvant or palliative 
chemotherapy), patient condition, available alternatives, 
and patient and family preferences. Pharmacists and 
other healthcare professionals should provide support 
from a pharmaceutical perspective, including safety 
evaluations and pharmacokinetics.
	 Japan has a rapidly aging society, with a growing 
population of individuals aged ≥ 85.0 years. This 
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population is experiencing increased rates of age-
related comorbidities, including stroke, dementia, and 
Parkinson's disease, which impair swallowing and 
increase the risk of dysphagia (4,5). In these patients, 
a low prognostic nutritional index is associated with 
increased mortality, and many of them also have 
cancer (6). The number of older patients with cancer 
and dysphagia is expected to increase, necessitating 
systems to support cases where oral drug administration 
is challenging. However, the real-world use of OAA 
suspensions in Japan remains unexplored. Understanding 
the current clinical practices is critical for optimizing 
decisions regarding drug selection and administration, 
formulation strategies, guideline development, and 
patient support systems.
	 This study aimed to investigate the real-world 
use of OAA suspensions in patients unable to receive 
oral medications in clinical settings. This method is 
considered off-label, and we assumed that it would be 
rarely practiced. Therefore, we used a large Japanese 
administrative claims database to clarify its real-world 
use, patient characteristics, and potential impact on 
outcomes.

2. Materials and Methods

2.1. Study design and data source

This retrospective study examined the real-world use of 
OAA suspensions in Japan. Data were obtained from the 
DeSC, a commercial administrative claims repository 
provided by DeSC Healthcare, Inc. (Tokyo, Japan; 
https://desc-hc.co.jp/). As of October 2022, the database 
contained the information of approximately 12 million 
insured individuals. It integrates information from three 
major health insurance schemes under Japan's mandatory 
universal healthcare system: Kenpo (for employees of 
large corporations), Kokuho (for non-employees, retirees, 
and their dependents), and the Koki Koreisha Iryo Seido 
(for individuals aged ≥ 75.0 years). Collectively, these 
schemes cover 9.8% of the Japanese population and offer 
a comprehensive nationwide overview of healthcare 
utilization.

2.2. Study population

Of the 1,838,927 patients with a confirmed diagnosis of 
cancer (based on International Statistical Classification 
of Diseases and Related Health Problems [ICD-10] 
codes starting with "C," excluding suspected cases) 
between April 2014 and August 2023, we included those 
who underwent nasogastric tube (NGT), gastrostomy, 
or jejunostomy tube placement and were prescribed 
OAAs during the non-oral intake period. Patients who 
were prescribed orally disintegrating tablets, dispersible 
tablets, or powders were excluded.
	 The index date was defined as the first day on 

which an OAA suspension was administered. As 
this study aimed to describe the status of suspension 
administration rather than conduct a longitudinal follow-
up, treatment progress or prognosis following suspension 
administration were not assessed. Patients with data 
available for < 30 days before the index date were 
excluded (7,8).
	 We extracted data on age, sex, cancer type, 
comorbidities (excluding suspected diagnoses) on 
the index date; OAAs prescribed during the non-oral 
intake period; NGT, gastrostomy or jejunostomy tube 
placement; and feeding data during hospitalization.

2.3. Impact of the administered OAA suspensions

First, we identified the three most frequent combinations 
of OAA suspensions and cancer types. For each 
combination, we classified patients into a suspension 
group (who received OAA suspensions at least once 
during the treatment period) and non-suspension group 
(who never received OAA suspensions). We extracted 
the following data and compared overall survival (OS) 
between the two groups: age, sex, and cancer type at 
the time of initial OAA prescription; confirmed (non-
suspected) disease names, prescription records, and 
medical procedures from 180 days before the initial 
prescription; and disease name, prescription records, 
medical procedures, and mortality data following the 
initial prescription. The index date was defined as the 
start date of the OAA prescription, and the end of the 
observation period was defined as the date of death or 
censoring (Figure 1). OAAs were prescribed during the 
non-oral intake period; data on NGT, gastrostomy, or 
jejunostomy tube placement and feeding data during 
hospitalization were also obtained.

2.4. Definitions of the non-oral intake period and OAA 
suspensions

In this study, we utilized claims data from the Japanese 
medical insurance system, using procedure codes as 
indicators to indirectly identify patients' treatment status 
and clinical conditions. These codes are standardized 
classifications used by medical institutions for 
reimbursement purposes and are calculated based on 
specific medical procedures or patient conditions. 
In Japan, a meal fee is charged each time a patient 
consumes food orally during hospitalization. Similarly, 
when a patient is unable to eat orally and receives liquid 
nutrition via a tube, a different meal fee applicable to 
non-oral intake is applied.
	 The non-oral intake period was defined as the 
duration during which the procedure code indicating 
enteral nutrition through a feeding tube (Procedure Code 
J120 from the Japanese Health Insurance System) was 
recorded after NGT, gastrostomy, or jejunostomy tube 
placement (Procedure Codes J0342, K664, and K725). 
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was compared from the date of the initial prescription of 
the OAA until death or censoring.

2.6. Statistical analysis

We evaluated the prescription trends of OAA 
suspensions during hospitalization between April 2014 
and August 2023. Actual usage patterns based on the 
clinical characteristics of the patients at the time of the 
initial suspension administration were summarized 
using descriptive statistics. Continuous variables are 
presented as medians with interquartile ranges (IQR). 
Suspension and non-suspension groups were compared 
using the Mann–Whitney U test. Categorical variables 
are expressed as frequencies and percentages (n [%]). We 
conducted a survival comparison between the suspension 
and non-suspension groups using 1:2 propensity score 
matching for the three most frequently prescribed OAA 
suspensions (9). Kaplan–Meier survival curves were 
plotted, and the log-rank test was used for comparisons. 
All analyses were performed using EZR (version 2.9-
1; Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) (10). Statistical significance was set at p 
< 0.05.

2.7. Ethical approval

This study was conducted according to the principles 
outlined in the Declaration of Helsinki (as revised in 
2013) and was approved by the Ethics Committee 
of Meiji Pharmaceutical University (April 14, 2025/
No.202466).

Any OAA prescribed during this non-oral intake period 
was considered to be administered via suspension.

2.5. Outcomes

2.5.1. Survey of the real-world use of OAA suspensions 
in Japan

We assessed the clinical characteristics of patients who 
were administered OAA suspensions, including sex, 
age, cancer type, route of administration of the OAA 
suspension, and comorbidities at the time of suspension 
administration.

2.5.2. Review of alternative routes for OAAs

A summary of product characteristics (SPC) from Japan, 
European Medicines Agency (EMA), and U.S. Food and 
Drug Administration (FDA) was made. We reviewed the 
latest SPC issued by the Japanese regulatory authority, 
EMA, and FDA for each OAA administered as a 
suspension during the study period to determine whether 
suspension or crushing methods for administration were 
mentioned.

2.5.3. Impact of OAA suspension administration on 
survival

Among the combinations of OAA suspensions and 
cancer types, the three most frequently prescribed 
combinations were identified. Patients were categorized 
into the suspension and non-suspension groups, and OS 

Figure 1. Study design applied to the information in the commercial claims database with data observability lines to evaluate the impact 
of the administration of oral anticancer agent suspensions on overall survival.
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3. Results

3.1. Survey of the real-world use of OAA suspensions in 
Japan

Between April 2014 and August 2023, 25,252 patients 
registered in DeSC underwent NGT, gastrostomy, or 
jejunostomy tube placement. Among them, 126 patients 
were prescribed OAAs during the non-oral intake 
period (Figure 2), 62.0% underwent gastrostomy tube 
placement, and 38.0% underwent NGT placement. No 
patient who underwent jejunostomy tube placement 
received OAA suspensions. The median patient age was 
76.0 years and 53.2% were men. Brain tumors were the 
most common primary cancer (23.0%), followed by lung 
cancer (20.6%), leukemia (15.1%), and thyroid cancer 
(14.3%) (Table 1).
	 Thirty-one different OAAs were administered as 
a suspension. The most common drug suspensions 
included temozolomide (29 cases), lenvatinib (18 
cases), osimertinib (14 cases), imatinib (eight cases), 
and gefitinib, estramustine, and capecitabine (five each) 
(Table 2). The route of administration varied depending 
on the drug used. Temozolomide and imatinib were more 
typically administered via NGT, whereas lenvatinib, 
osimertinib, gefitinib, estramustine, and capecitabine 

were mainly administered via gastrostomy tubes.

3.2. Review of alternative routes for OAAs based on 
SPCs from Japan, EMA, and FDA

There were no descriptions of alternative administration 
methods involving suspension or crushing for non-
oral routes in the Japanese SPCs for all 31 OAAs 
administered by the suspension method. For lenvatinib, 
osimertinib, imatinib, gefitinib, capecitabine, tepotinib, 
and nilotinib, the SPCs from the FDA and EMA included 
instructions on alternative administration methods. 
Ibrutinib and bosutinib had such instructions only in 
the FDA SPC, whereas afatinib had instructions only 
in the EMA documentation. Additionally, while case 
reports have documented the non-oral administration 
of t irabrutinib,  alectinib,  erlotinib,  TS-1, and 
venetoclax, the Japanese, FDA, or EMA SPCs did not 
include instructions for the preparation for non-oral 
administration.

3.3. Impact of the administration of OAA suspension on 
survival

The three most frequent combinations of OAA 
suspensions and cancer types were temozolomide 

Figure 2. Flowchart of patients included in the study.
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for brain and central nervous system (CNS) tumors, 
lenvatinib for thyroid cancer, and osimertinib for 
lung cancer. Patient backgrounds before and after 1:2 
propensity score matching for these three combinations 
are shown in Table 3. Using sex, age, and treatment 
duration as covariates, all standardized differences 
between the two groups were < 1 after matching. Figure 
3 presents the results of the survival analysis following 
propensity score matching. For temozolomide and 
lenvatinib, survival did not differ between the suspension 
and non-suspension groups. In contrast, the osimertinib 
suspension group had a shorter survival duration than the 
non-suspension group (p = 0.047).

4. Discussion

To our knowledge, this is the first study to clarify the real-
world use of OAA suspensions using a large Japanese 
administrative claims database. Temozolomide was the 
most commonly used agent, followed by lenvatinib and 

osimertinib, with most administered through gastrostomy 
tubes. No Japanese SPC included instructions for 
suspension, although FDA and EMA SPCs offered some 
guidance. OS did not differ significantly between the 
suspension and non-suspension groups for temozolomide 
and lenvatinib. However, for osimertinib, the suspension 
group showed significantly shorter OS compared to the 
non-suspension group. This finding should be interpreted 
with caution, as the selection of patients for suspension 
administration likely reflects a more advanced disease 
status, poor performance status, or terminal-stage care. 
These potential confounding factors were not fully 
adjusted for in the propensity score matching. Therefore, 
this result should be viewed as an observational 
finding, rather than as evidence of harmful impact or 
ineffectiveness of suspension administration.
	 P a t i e n t s  w h o  r e c e i v e d  s u s p e n s i o n s  w e r e 
predominantly older adults (median age 76.0 years), 
aligning with the findings of Sako et al., who reported 
a median age of 80.0 years among patients undergoing 
gastrotomy or jejunostomy tube placements (11). They 
also noted cerebrovascular disease, aspiration pneumonia, 
dementia, neuromuscular disease, and malignancy as 
the key underlying conditions. Similarly, in this study, 
many patients who underwent NGT or gastrostomy 
tube placement were found to have comorbidities other 
than malignancies, including cerebrovascular accidents, 
metastatic cancer, peptic ulcers, congestive heart failure, 
and pulmonary disease. In contrast, only two patients 
(1.6%) had dementia during the initiation of OAA 
suspension, possibly indicating a reluctance to administer 
chemotherapy to patients with dementia. Boakye et 
al. reported that dementia was the comorbidity most 
strongly associated with non-receipt of chemotherapy 
compared to other conditions, such as heart failure or 
stroke (12).
	 Temozolomide suspension, the most frequently 
used agent, remains physically and chemically 
stable for up to 14 days under refrigeration (13). The 
temozolomide suspension developed by Annereau et 
al. by decapsulating the capsule contents is suitable 
for administration via NGT (14). However, SPCs for 
temozolomide from Japan, the FDA, and EMA do not 
include information regarding alternative administration 
methods for patients who cannot orally consume the 
drug. This omission may be attributed to the availability 
of an injectable formulation of temozolomide developed 
specifically for such patients (15). Nevertheless, only 
one of the 29 patients receiving oral temozolomide in 
our study was switched to the injectable form. Given its 
proven stability (13,14), temozolomide suspension may 
retain sufficient efficacy. Survival analysis comparing the 
suspension and non-suspension groups of patients with 
brain and CNS tumors revealed no significant differences 
in OS. Prophylactic gastrostomy tube placement in 
patients with head and neck cancer helps in maintaining 
adequate nutritional status (16). Therefore, in this study, 

Table 1. Patient characteristics

Male sex
Age: median (IQR)
Type of cancer
     Brain and central nervous system
     Lung
     Leukemia
     Thyroid
     Non-Hodgkin lymphoma
     Prostate
     Stomach
     Gastrointestinal stromal tumor
     Multiple myeloma
     Breast
     Liver
     Uterine leiomyosarcoma
     Esophagus
     Renal
     Larynx
     Colon
Route of administration
     Gastrostomy
     Nasogastric tube
CCI on the index date
     Cerebral vascular accident
     Metastatic cancer
     Peptic ulcer
     Congestive heart failure
     Pulmonary disease
     Diabetes
     Renal disease
     Liver disease
     Acute myocardial infarction
     Paraplegia
     Diabetes complications
     Peripheral vascular disease
     Connective tissue disorder
     Dementia
     Severe liver disease

Total, n (%)
126

   67 (53.2)
76.0 (71.0–80.0)

   29 (23.0)
   26 (20.6)
   19 (15.1)
   18 (14.3)
     7 (5.6)
     6 (4.8)
     5 (4.0)
     4 (3.2)
     4 (3.2)
     2 (1.6)
     1 (0.8)
     1 (0.8)
     1(0.8)
     1 (0.8)
     1 (0.8)
     1 (0.8)

   78 (61.9)
   48 (38.1)

   41 (32.5)
   38 (30.2)
   37 (29.4)
   31 (24.6)
   31 (24.6)
   19 (15.1)
   11 (8.7)
     7 (5.6)
     4 (3.2)
     4 (3.2)
     3 (2.4)
     3 (2.4)
     2 (1.6)
     2 (1.6)
     1 (0.8)

IQR, interquartile range; CCI, Charlson comorbidity index.
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prophylactic gastrostomy tube placement may have 
enabled continued treatment with suspensions, thereby 
contributing to survival.
	 Lenvatinib suspension has been administered via 
NGT with favorable outcomes in patients with thyroid 
cancer (17,18). This may explain the frequent use 
of lenvatinib in our thyroid cancer cohort. The FDA 
and EMA SPCs describe this method, although no 
randomized trials or bioequivalence data are available. 
In our study, OS did not differ significantly between 
the lenvatinib suspension and non-suspension groups 
among patients with thyroid cancer. Multiple case reports 
support the effectiveness of enteral lenvatinib in thyroid 
cancer (17,18). In particular, for anaplastic thyroid 
cancer, rapid tumor growth in the neck may prevent 
oral intake of medications, and enteral administration 
of lenvatinib suspension reduces the tumor size and 
improves prognosis (18). Similar to previous case reports, 
we found that among patients receiving lenvatinib, the 
median duration from treatment initiation to the start of 
suspension administration was 2.5 days (IQR: 0.0–59.8), 
suggesting that oral intake challenges often emerged at 
an early stage during therapy. Despite early difficulties 
in oral intake, treatment may be continued through 
alternative administration of suspensions. This potential 
continuation of therapy may have contributed to no 
significant differences in OS between the suspension and 
non-suspension groups, suggesting that suspension did 
not adversely affect survival.
	 Cases of osimertinib administration via suspension 
have been reported (19,20). This method is described 
in SPCs by the FDA and EMA, similar to lenvatinib. 
However, the efficacy and bioequivalence of osimertinib 
suspension have not been validated. Notably, patients 
with lung cancer receiving osimertinib suspension had 
significantly shorter survival compared to those receiving 
it intact. The median time from treatment initiation to 
suspension administration was longer in the osimertinib 
group (median: 668.5 days; IQR: 106.2–1129.8) than in 
the temozolomide (median: 17.0 days, IQR: 8.0–72.0; p 
value = 0.005) and lenvatinib (median: 19.0 days, IQR: 
0.5–158.8, p value = 0.049) groups. Furthermore, brain 
metastases were observed in four of the 10 patients in 
the osimertinib suspension group. Considering the high 
CNS penetrability and efficacy of osimertinib against 
leptomeningeal metastases (21), many patients in this 
group were likely unable to receive the medication 
orally because of terminal disease progression and 
poor general health. Patients with lung cancer and 
leptomeningeal metastases frequently present with poor 
performance status (PS) and dysphagia (20), which may 
contribute to their shorter survival. These background 
factors underscore the importance of not attributing the 
shorter survival observed in the osimertinib suspension 
group to the administration method itself. Rather, they 
highlight the need for clinical awareness of the severe 
condition of such patients. This study was a descriptive 
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investigation of the nationwide use of the suspension 
method for OAAs and was not designed to directly 
assess the efficacy or safety. Nonetheless, by leveraging 
large-scale claims data, it evaluated treatment practices 
in under-represented populations in real-world settings, 
such as those with dysphagia and poor general health. 
Suspension administration may enable continued therapy 
when oral intake is difficult, provided the patient's overall 
condition is carefully considered. Multidimensional 
patient assessments and pharmacotherapeutic strategies 
tailored to individual preferences and treatment goals are 
essential. Insights from this study may support informed 
decision-making in complex clinical scenarios.
	 Regarding imatinib, adequate plasma concentrations 
were achieved via suspension through a gastrostomy 
tube (22). Case reports have documented that gefitinib 
administration via either a gastrostomy tube or NGT 
causes tumor shrinkage (23-25). No serious adverse 
events were reported. Pharmacokinetic studies 
demonstrated no significant differences in the area 
under the curve and maximum plasma concentration 
between the suspensions and intact formulations (26). 
The pharmacokinetics, efficacy, and safety of imatinib 
and gefitinib were evaluated when administered via 
suspension through enteral feeding tubes, and the 
results support suspension as an alternative route. 
Conversely, although estramustine and capecitabine are 
frequently administered as a suspension, case reports or 
pharmacokinetic studies on the efficacy or safety of their 
suspension are lacking. For drugs such as TS-1, alectinib, 
ibrutinib, erlotinib, tirabrutinib, and venetoclax, case 
reports where suspensions were administered via enteral 
routes have shown treatment efficacy in tumor reduction 
or improvement in PS (27-36). However, these reports 
were limited to individual cases, and comprehensive 
data on the stability, absorption, and long-term safety of 
suspensions are lacking. Therefore, from a pharmacist's 
perspective, proactively recommending a suspension of 
OAAs is challenging.

	 Suspension of OAAs is an important alternative route 
for patients who cannot swallow because of dysphagia 
or other medical conditions. Several case reports have 
supported its efficacy (17-20,23-25,27-36), and some 
SPCs explicitly describe alternative administration 
procedures. However, the risks of exposure to healthcare 
providers and caregivers during preparation remain 
understudied. When capsules or tablets are opened and 
crushed, drug particles may become airborne, risking 
contact with skin, mucosa, or inhalation (37), which 
is particularly concerning for highly toxic agents. The 
National Institute for Occupational Safety and Health 
and the American Society of Health-System Pharmacists 
strongly recommend the use of biological safety cabinets 
and personal protective equipment when preparing these 
agents (38,39). In Japan, the SSM minimizes exposure 
risk by avoiding tablets. However, studies evaluating the 
extent of exposure associated with the preparation and 
administration of OAA suspensions using this method 
are lacking. Therefore, careful handling is warranted 
during preparation and administration. Future research 
should address the stability of each suspension and the 
associated exposure risks to establish safe preparation 
methods and administration protocols.
	 This study has some limitations. First, the claims 
database lacks detailed information on cancer stage, PS, 
and rationale for suspension administration, limiting 
casual interpretation. Second, we could not identify 
patients who received anticancer suspensions orally 
without tube placement, or those receiving enteral 
therapy alongside total parenteral nutrition. Third, data 
on suspension methods (e.g., use of SSM, medium used, 
preparation steps, or tube type) were unavailable. In 
addition, the definition of "suspension administration" 
in this study was inferred based on the overlap between 
the health insurance procedure codes for enteral nutrition 
and records of oral anticancer agent prescriptions. 
However, direct confirmation was not possible as 
specific prescription orders or procedure records were 
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Figure 3. Kaplan–Meier curves for overall survival. (A) Patients with brain and central nervous system tumors treated with temozolomide; (B) 
Patients with thyroid cancer treated with lenvatinib; (C) Patients with lung cancer treated with osimertinib.
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not available. This indirect classification method may 
have introduced misclassification bias and limited the 
precision of identifying true suspension administration. 
Therefore, these results should be interpreted taking 
into account the potential for exposure misclassification 
inherent in claims-based analyses. These limitations are 
inherent in claims-based studies. Future studies using 
clinical records are warranted to validate these findings.
	 In summary, for patients with cancer experiencing 
dysphagia, suspension administration offers a valuable 
treatment option. However, drug stability, safety, and 
exposure risk must be considered. Scientific evidence 
remains limited for many agents, highlighting the need 
for careful, individualized clinical judgement. Healthcare 
professionals must manage suspension therapy 
comprehensively, including indication, preparation, 
safety measures, and caregiver education. Accumulating 
pharmacological evidence and developing evidence-
based guidelines tailored to clinical practice will be 
essential for safe and effective implementation.
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