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The management of eosinophilic esophagitis (EoE) has not been completely established yet. There 
is a controversy over the universal maintenance therapy for EoE to prevent esophageal fibrostenotic 
complications. Using an employer-based insurance claim database from January 2005 to September 
2022, we investigated the treatment patterns of EoE and the occurrence of esophageal complications. 
The treatment patterns were analyzed at a 6-month interval from the diagnosis of EoE. The time to 
treatment discontinuation of proton pump inhibitor (PPI)/potassium-competitive acid blocker (P-CAB) 
was evaluated by the Kaplan–Meier method. Of 15,200,895 individuals, 615 patients with EoE were 
ultimately analyzed with the median follow-up time from the index date of 700 days. PPI/P-CAB and 
swallowed topical steroids accounted for 80% and 4.6% of the initial therapy, respectively. PPI/P-CAB 
use rapidly decreased by 40% in the first 6 months and afterwards reinitiation was rarely seen. The 
median time to treatment discontinuation were 172 days (95% CI 147–206 days) for PPI/P-CAB. Only 
1 EoE patient developed esophageal fibrostenotic complications after the diagnosis. With the low 
incidence of esophageal complications, the universal maintenance therapy may not be necessary for 
mild EoE patients often seen in Japan.
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Eosinophilic esophagitis (EoE) is a chronic immune-mediated disorder where eosinophil-predominant 
inflammation causes esophageal dysfunction-related symptoms1. This relatively new disorder emerged 
from the 1990’s, and since then the number of EoE patients has continued to rise2. Food allergens and/or 
aeroallergens trigger the type 2-associated esophageal inflammation and cytokine secretion (i.e. IL-4, IL-13, 
IL-5 and transforming growth factor-beta (TGF-β)). IL-4 and IL-13 induce eotaxin-3 that attracts and activates 
eosinophils in the tissue1 whereas TGF-β contributes to tissue remodeling that results in subepithelial fibrosis3–5. 
EoE impairs quality of life (QOL) due to bothersome symptoms. In addition, esophageal remodeling and fibrosis 
can cause food impaction and esophageal stricture.

The main treatments of EoE include acid suppressants (i.e. proton pump inhibitor (PPI) and potassium-
competitive acid blocker (P-CAB)), topical steroids, dietary therapy, and endoscopic dilation for esophageal 
stricture6–9. Other agents such as immune modulators, leukotriene antagonists, or antihistamines can also be 
used in clinical practice6,8. The Japanese eosinophilic gastrointestinal disorders (EGIDs) guidelines recommend 
PPIs for the first-line therapy and topical steroids and/or elimination diet for the second-line therapy6. However, 
the management strategy of EoE has not been globally established yet as other EoE guidelines equally recommend 
these therapeutic options as the first-line therapy.

Real world data demonstrated that PPI accounted for 50% of the first-line therapy in the US where more 
than half of the patients discontinued the treatment within two years10. In a European multi-center study, PPI 
was also most prescribed as the first-line therapy11. These studies indicate that PPI is the mainstream therapy 
of EoE in Western countries. The British guidelines recommend giving PPI at a double dose. However, there is 
a shortage of data about the appropriate dose and duration of the initial PPI treatment8. In addition, there is 
uncertainty over the universal maintenance therapy due to inadequate understanding of the natural history of 
EoE and the long-term cost-benefit balance2,6,12,13.

The management of EoE could differ between Japan and Western countries. In Japan, the mild phenotype 
is predominant, and P-CAB, the most powerful acid suppressant, is available besides PPI14. A previous single-
academic-center study with more than 300 Japanese EoE patients reported that PPI/P-CAB accounted for 93.5% 
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of the initial therapy, and 15% of which were later switched to swallowed topical steroid15. Only 1% of EoE 
patients required urgent endoscopy or endoscopic dilation during the observation period. This incidence is 
extremely low compared to the US where 20% of EoE patients required endoscopic dilation3. Thus, the Japanese 
real-world treatment pattern would provide an insight into the controversy about the management of EoE 
especially for mild phenotype. However, the current treatment patterns of EoE in Japan have not been widely 
evaluated to date.

Therefore, the aim of this study was to investigate the treatment patterns of EoE and their consequences 
related to esophageal complications in Japan using a large health care claim data.

Results
Characteristics of study population
Of 15,200,895 individuals, 1,218 patients were diagnosed with EoE in the database (Fig. 1). Ultimately, 615 
patients were analyzed in the main analysis according to the exclusion criteria. After the further exclusion of 
patients who had any treatment regimens for EoE within 2 months before the index date, 346 patients remained 
in the sensitivity analysis. The median (IQR) follow-up time from the index date was 700 days (335–1157) for 
the main analysis population and 730 days (365–1188) for the sensitivity analysis population. Table 1 shows the 
demographic and clinical characteristics of EoE patients. Most EoE patients were adult in both the main and 
sensitivity analysis. The sensitivity analysis population had a lower proportion of allergic conditions than the 
main analysis population.

Initial treatment for EoE
The initial treatment for patients with EoE is shown in Table 2 (all drug combinations in eTable 2). Overall, 
33.6% (310/923) of EoE patients were not treated with any regimens. Out of 615 EoE patients with any of the 
five treatment regimens in the main analysis, PPI/P-CAB was prescribed predominantly (80%). In contrast, 
swallowed topical steroids accounted for 4.6% of the initial treatment, and 80% of which were combined with 
PPI/P-CAB. Oral steroid (i.e. prednisolone) was used for 5.7% of EoE patients with the average dose of 22.5 mg 
per day. Similar treatment patterns were observed in the sensitivity analysis.

Treatment patterns for EoE
Figure 2 shows the treatment patterns of patients with EoE in the main analysis from the initial treatment. The 
proportion of PPI/P-CAB use rapidly decreased in the first 6 months from 80% to 48%, and a gradual downward 

Fig. 1. Flowchart of the study population. Abbreviations: EoE, eosinophilic esophagitis; GVHD, graft-versus-
host disease; PPI, proton pump inhibitor; P-CAB, potassium-competitive acid blocker.
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trend continued in the following period. The proportion of swallowed topical steroids therapy also reduced over 
the course of time from 4.6% to 2% in 24 months. Out of 95 patients who discontinued PPI/P-CAB treatment in 
the first 6 months, reinitiation was only seen in 8 patients (8.4%) in the next 6 months. In addition, switch from 
PPI/P-CAB to swallowed topical steroids was rare (2% in the first 6 months, and 1.6% in the second 6 months). 
Overall, 30.7% of EoE patients who underwent the initial therapy discontinued pharmacological treatments at 
6 months after the diagnosis, and their proportion increased to 37% at 24 months. The sensitivity analysis of 
the treatment patterns for EoE patients is shown in eFigure 1, which demonstrates similar patterns to the main 
analysis.

Duration and dose of the initial EoE treatment using PPI/P-CAB or swallowed topical steroids
Figure 3A and B show the time to discontinuation of the initial therapy using PPI/P-CAB or swallowed topical 
steroids. The median time to treatment discontinuation were 172 days (95% CI 147–206 days) for PPI/P-CAB 
and 43 days (95% CI 1–113 days) for swallowed topical steroids. PPI/P-CAB was continuously prescribed for at 
least 990 days in 28.9% of EoE patients. Whilst most swallowed topical steroids were terminated within a year as 
the retention rate was 13.2% (95% CI 4.7–37.3) at 6 months and 8.8% (95% CI 2.4–32.7) at 12 months.

In PPI/P-CAB treatment, PPIs (322/543, 59.3%) were more frequently prescribed than P-CAB (Table 3). 
PPIs were administered at half, standard, or double doses, in which the most common dose was standard (i.e. 
esomeprazole 20mg/day, rabeprazole 10mg/day, lansoprazole 30mg/day, or omeprazole 20mg/day) (270/322, 
83.9%). As for P-CAB, vonoprazan was more frequently prescribed at 20mg per day (150/221, 67.9%) than 
10mg/day.

Occurrence of esophageal complications
Out of 615 patients with EoE, 12 patients (2.0%) had a history of esophageal foreign body or stricture (Table 1). 
The esophageal complications mostly occurred before the index date of EoE diagnosis (11/12, 88.3%). One EoE 
case developed esophageal foreign body within a month after the index date. The patient received PPI/P-CAB 
treatment for less than 6 months and did not subsequently develop esophageal stricture. Regarding 310 patients 
with no treatment, only one case developed esophageal foreign body after the diagnosis of EoE.

Main analysis (n = 615) Sensitivity analysis (n = 346)

Medication n (%) n (%)

PPI/P-CAB 492 (80.0%) 296 (85.5%)

Swallowed topical steroids + PPI/P-CAB 24 (3.9%) 5 (1.4%)

Swallowed topical steroids 4 (0.7%) 1 (0.3%)

Oral steroid 35 (5.7%) 18 (5.2%)

Others 60 (9.8%) 26 (7.5%)

Table 2. Initial treatment for EoE in the main and sensitivity analyses Others include only antihistamines and/
or leukotriene receptor antagonists. Abbreviations: EoE, eosinophilic esophagitis; PPI, proton pump inhibitor; 
P-CAB, potassium-competitive acid blocker

 

Variable Main analysis (n = 615) Sensitivity analysis (n = 346)

Age (years), Median [IQR] 45.00 [36.00, 52.00] 44.00 [37.00, 51.00]

Adult (≥ 20 years) 592 (96.3%) 336 (97.1%)

Female 173 (28.1%) 82 (23.7%)

Comorbidities

 Asthma 113 (18.4%) 36 (10.4%)

 Atopic dermatitis 61 (9.9%) 22 (6.4%)

 Allergic rhinitis 224 (36.4%) 88 (25.4%)

Esophageal complications

 Pre-EoE diagnosis

  Esophageal foreign body 4 (0.7 %) 3 (0.9 %)

  Esophageal stricture 8 (1.3 %) 6 (1.7 %)

 Post-EoE diagnosis

  Esophageal foreign body 1 (0.1%) 1 (0.3%)

  Esophageal stricture 0 (0.0%) 0 (0.0%)

Table 1. Demographic and clinical characteristics of patients with EoE Variables distributions are reported as 
n (%) unless otherwise specified. Abbreviations: IQR, interquartile range; EoE, eosinophilic esophagitis
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Fig. 3. Time to treatment discontinuation of the initial therapy for EoE in the main analysis. (A) PPI/P-CAB. 
(B) Swallowed topical steroids. Abbreviations: EoE, eosinophilic esophagitis; PPI, proton pump inhibitor; 
P-CAB, potassium-competitive acid blocker; TTD, time to treatment discontinuation; CI, confidence interval

 

Fig. 2. Treatment patterns of EoE in the main analysis. PPI/P-CAB, STS+PPI/P-CAB, STS, and oral steroids 
could include concomitant use of antihistamines and/or leukotriene receptor antagonists. Others included 
only antihistamines and/or leukotriene receptor antagonists. Abbreviations: EoE, eosinophilic esophagitis; PPI, 
proton pump inhibitor; P-CAB, potassium-competitive acid blocker; STS, swallowed topical steroids.
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Discussion
EoE is characterized by a chronic allergic condition with eosinophilic infiltration. As is the case with other 
conditions, several issues need to be taken into consideration for the treatment decision (e.g. disease course, 
treatment durability, cost-effectiveness, etc.). However, the natural course of EoE has not been completely 
understood because of few long-term observational studies. In addition, there have been no head-to-head 
clinical trials pertaining to pharmacological therapies. Thus, there are still controversy over the management of 
EoE. Many guidelines nonhierarchically recommend either PPIs, topical steroids, or diet therapy for the initial 
and maintenance therapy6–9. Since transcription profiles revealed three different EoE phenotypes associated with 
endoscopic findings (e.g. fibrostenosis) and treatment response, it is likely that the management of EoE should 
be tailored accordingly16. For instance, mild EoE phenotype may not necessarily require long-term therapy 
owing to the low likelihood of developing stricture or food impaction as such EoE patients tend to poorly adhere 
to treatments17,18. Given the difficulty in examining transcription profiles in all EoE patients, the real-world data 
can contribute to getting an insight into the pragmatic approach to EoE. Therefore, we analyzed a large health 
care claim database to find out the treatment patterns of EoE and the occurrence of esophageal complications in 
Japan. This study found that 1) PPI/P-CAB and swallowed topical steroids accounted for 80% and 4.6% in the 
initial pharmacological treatment for EoE, respectively, 2) half of the initial PPI/P-CAB treatment was short-
term (i.e. < 6 months) and afterwards rarely reinitiated, 3) the long-term PPI/P-CAB treatment (i.e. for at least 3 
years) were provided to 25% of EoE patients, 4) switch from PPI/P-CAB to swallowed topical steroids were rare, 
and 5) esophageal foreign body or stricture rarely occurred in EoE patients after the diagnosis.

In the initial EoE therapy, PPI/P-CAB was the most common option. This treatment pattern is consistent 
with the Japanese guidelines as well as the previous observational study by a single academic center in Japan6,15. 
A large European cohort similarly demonstrated a high frequency of PPI use (76.5%)11, whereas the US showed a 
much lower proportion of PPI (50%) in the initial therapy10. It might reflect the inconsistency between guidelines 
where American Gastroenterological Association makes a strong recommendation only for topical steroids7. 
Also, over-the-counter PPIs are prevalent in the US. The topical steroids use further highlights the different EoE 
management between Japan and Western countries. The ratio of swallowed topical steroids to PPI/P-CAB was 
6% in this study whereas 17% in Europe11 and 90% in the US10. The high efficacy of PPI/P-CAB for Japanese EoE 
could result in the infrequent use of topical steroids as symptom and histological improvement can be achieved 
in 81% and 75% of Japanese EoE patients, respectively19,20. This study demonstrated less frequent switch from 
PPI/P-CAB to swallowed topical steroids compared to the previous Japanese academic center study (15%)15. It 
might be attributed to the inclusion of primary and secondary centers that see relatively mild EoE patients in 
this database. Interestingly, 33.6% of EoE patients did not undergo any pharmacological treatment. EoE patients 
with very mild symptom might have been willing to wait and watch the disease activity on their own. In addition, 
EoE patients can reduce symptoms substantially by modifying their eating habits (chew more, avoid tough meat, 
drink more liquids)12.

Currently there is a paucity of evidence pertaining to the appropriate dose of PPI/P-CAB for EoE despite the 
latest guidelines’ recommendations (i.e. omeprazole at a dose of 20-40 mg two times per day)8,9. In this study, 
standard-dose PPIs were predominant, followed by P-CAB 20mg per day. Step-down approach can be pragmatic 
given dose-dependent efficacy of PPIs for EoE in Western countries as well as the influence of CYP2C19 genotype 
on the loss of response to the long-term PPI therapy21,22. However, standard or half dose of PPI may be enough 

Main analysis (n = 615)

Medication n (%)

PPI (n=322)

 Esomeprazole

  20mg/day 198 (32.2%)

  10mg/day 24 (3.9%)

 Rabeprazole

  20mg/day 4 (0.7%)

  10mg/day 58 (9.4%)

 Lansoprazole

  30mg/day 12 (2.0%)

  15mg/day 22 (3.6%)

 Omeprazole

  20mg/day 2 (0.3%)

  10mg/day 2 (0.3%)

P-CAB (n=221)

 Vonoprazan

  20mg/day 150 (24.4%)

  10mg/day 71 (11.5%)

Table 3. Dose of PPIs and P-CAB for the initial treatment of EoE Abbreviations EoE, eosinophilic esophagitis; 
PPI, proton pump inhibitor; P-CAB, potassium-competitive acid blocker
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for the initial therapy in Japan as the strength of acid suppression does not correlate to their efficacy in Japanese 
EoE19.

Maintenance therapy for EoE is generally recommended in the guidelines for prevention of esophageal 
subepithelial fibrosis resulting in esophageal complications6–9,23,24. Indeed, EoE can recur clinically, 
endoscopically, and histologically after treatment discontinuation5,25. However, there is a shortage of evidence 
to support the universal maintenance therapy12. In addition, there are concerns about potential adverse events 
of the long-time use of PPI/P-CAB and topical steroids26–28. We found that PPI/P-CAB and swallowed topical 
steroids treatment discontinued in half of EoE patients within 6 and 2 months, respectively. The much shorter 
treatment period with topical steroids suggests that most of their treatment may not have been substantial 
due to mild EoE activity in Japan. This is further supported by approximately 30% of EoE patients having no 
pharmacological treatment from 6 months after the index date onwards. This pattern matches the previous 
hospital-based study by Yamamoto, et al. pertaining to the clinical course of Japanese EoE where 66% of EoE 
patients were continuous type (i.e. symptom or treatment duration > 6 months)29. Interestingly, the American 
population data also showed that 46% of pharmacological treatment was discontinued within approximately 
16 months30. These real-world data suggest two possibilities. Firstly, the maintenance therapy is not required 
for all EoE patients. Secondly, patients are not willing to continue the treatment due to mild symptoms and 
the cost incurred. Straumann, et al. demonstrated that dysphagia and eosinophilic infiltration persisted but 
not exacerbated for over 7 years in approximately 80% of EoE patients without pharmacological treatment4. In 
addition, nearly 80% of young EoE patients reported symptom improvement during 8-year follow-up despite 
67% of the patients not receiving active treatment31. Furthermore, Abe, et al. showed very mild or asymptomatic 
EoE patients did not worsen endoscopically and histologically in approximately 7 years without any treatment32. 
Since this study also demonstrated rare esophageal complications in Japanese EoE as previously15,29,32,33, 
maintenance therapy may not be necessary for mild EoE patients. Along with genetic and environmental 
factors, health check-ups could contribute to a relatively high proportion of mild EoE in Japan. Further study is 
warranted to evaluate the long-term data.

Oral steroid used to be prescribed for EoE patients29,34 as the previous EoE guidelines from American College 
of Gastroenterology suggested using systemic steroid for topical steroids-refractory cases. Although the latest 
guidelines do not recommend systemic steroid for EoE7,8, we confirmed that approximately half of prednisolone 
was prescribed after 2020. Due to similarity of oral steroids prescription between main and sensitivity analysis, 
oral steroids were likely to be prescribed for EoE in this study. Systemic steroid could be replaced with novel 
treatments including biologics in the future12. The prescription of antihistamines and/or leukotriene receptor 
antagonists solely increased from 9.8% to 20.1% in this study. These drugs might be used as the maintenance 
therapy, or alternatively for concomitant allergic conditions.

This study has some limitations. All the treatment regimens analyzed in this study are off-label for EoE in 
Japan, and for this reason the use of these drugs might not capture the treatment for EoE. For instance, steroid 
inhalers could have been prescribed for concurrent asthma although short-period prescriptions are uncommon 
for managing the condition. On the other hand, a large health claim data enabled us to analyze the large 
sample size, and the similar treatment patterns to the previous hospital-based study validate this study’s data15. 
Moreover, the sensitivity analysis excluded the prescription of treatment regimens for other conditions than 
EoE as much as possible. It is possible that some patients underwent diet therapy with or without simultaneous 
pharmacological treatment, which cannot be identified in the claim database. Nonetheless, diet therapy for EoE 
is unusual in Japan because of limited accessibility to dietitians15,29,34. Follow-up period was relatively short in 
this study for the assessment of esophageal complication. However, esophageal food impaction and stenosis have 
rarely occurred in the previous Japanese EoE study with over 7-year follow-up period32. Along with genetic and 
environmental factors, health check-ups could contribute to a relatively high proportion of mild EoE in Japan. 
Apart from esophageal complications, the database could not evaluate treatment outcomes including symptoms, 
endoscopic findings and histology. Regarding EoE patients with no prescription, on-demand treatment could be 
classified as no prescription in the sanky diagrams.

In conclusion, a large health care claim database demonstrated that PPI/P-CAB accounted for 80% of the 
initial EoE treatment whereas swallowed topical steroids use was rare in Japan. Half of the initial PPI/P-CAB 
treatment was discontinued in the first 6 months and 30% of EoE patients were constantly off pharmacological 
treatments after the initial treatment. Given the very low incidence of esophageal complications, universal 
maintenance therapy may not be required for mild EoE patients often seen in Japan.

Methods
Data source
This real-world retrospective cohort study used the Japanese employer–based health insurance database from 
January 2005 to September 2022 provided by a commercial database vendor (JMDC inc., Tokyo, Japan)35. The 
JMDC database consists of insurance claims issued from health care providers to health insurance societies that 
insured relatively large company employees and their dependents in Japan. The database covered approximately 
10% of the Japanese population36. The insurance claims contain medical conditions and prescription on the basis 
of the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-
10) and Anatomical Therapeutic Chemical Classification System, respectively. In addition, medical procedures 
coded according to the Japanese claim codes were included. In the JMDC database, all claims of the patients can 
be followed longitudinally regardless of medical facilities they visited and inpatient or outpatient care unless they 
withdraw from their health insurance. This study was performed in accordance with the Declaration of Helsinki. 
The ethical board review was waived by the Osaka Metropolitan University ethics committee because all data 
provided by JMDC were already anonymized. Thus, the need to obtain informed consent was waived by the 
Osaka Metropolitan University ethics committee.
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Study population and follow-up
Patients newly diagnosed as EoE between January 2005 to July 2022 were included in the analysis. EoE was 
identified on the basis of the ICD-10 diagnostic code of K20.0 in the database. EoE diagnosis in the database 
was previously validated37. To adequately capture the new onset of EoE, patients with EoE diagnosis in the first 
or second month of enrollment into the database were excluded. In addition, patients with EoE were excluded if 
they had the preceding or simultaneous diagnosis of eosinophilic gastroenteritis (EGE), or conditions related to 
secondary esophageal eosinophilia including candida esophagitis, achalasia, malignant lymphoma or leukemia, 
or complications of transplanted organs and tissues including graft–versus–host disease (GVHD)38,39. Lists of 
ICD-10 codes for these conditions of exclusion criteria are shown in eTable 1–1. The month of the first diagnosis 
with EoE was set as the index date, and the follow-up period was from the index date to the end of record. EoE 
patients who had no prescription within 2 months from the index date or had less than a 2-month follow-up 
period were also excluded.

Therapeutic options for EoE
To investigate the treatment patterns of EoE, we analyzed the prescription of the following drugs according to 
the Japanese EGIDs guidelines6. PPI/P-CAB, swallowed topical steroids (inhaled budesonide or fluticasone), 
oral steroid (prednisolone), and others (antihistamines and/or leukotriene receptor antagonists). Lists of 
medication codes for these drugs are shown in eTable 1–2. The Japanese guidelines recommend PPI/P-CAB and 
swallowed topical steroids as the mainstream treatment similar to guidelines from other countries7–9. This study 
categorized these options into the following five regimens:

 (1)  PPI/P-CAB
 (2)  swallowed topical steroids
 (3)  a combination of swallowed topical steroids and PPI/P-CAB
 (4)  oral steroid
 (5)  others (antihistamines and/or leukotriene receptor antagonists)

The regimes (1) to (4) could include concomitant use of antihistamines and/or leukotriene receptor antagonists.

Study outcomes
Treatment patterns of EoE
The treatment patterns for EoE were visualized using Sankey diagrams. The initial therapy for EoE was identified 
as a treatment regimen prescribed for patients with EoE within 2 months from the index date. Due to the great 
heterogeneity in the duration of the initial and following treatments, we analyzed the treatment patterns in 
every 6-month period after the index date of EoE except the first 6 months that divided into the first 2 months 
for identification of the initial therapy and the following 4 months. There were two treatment patterns in each 
period, 1) switch to other drugs, or 2) no prescription. Switch to other drugs was defined when the treatment in 
the last period switched to any of other regimens in a period. No prescription was defined when any treatment 
regimens had not been prescribed for at least 6 months since the end of the last treatment.

To eliminate the possibility of the regimens being prescribed for other pre-existing disorders, the sensitivity 
analysis excluded patients who had prescriptions of any regimens within 2 months before the index date of EoE 
from the main analysis.

Duration of the initial EoE treatment using PPI/P-CAB or swallowed topical steroids
The time to treatment discontinuation evaluated the duration of the initial treatment with each PPI/P-CAB and 
swallowed topical steroids, the most established medications for the treatment of EoE. The time to treatment 
discontinuation was defined as the time from the first prescription of the treatment to any of the following events 
that determined the end of the treatment: (a) no prescription of each regimen following an over 90-day gap for 
the initial treatment, or (b) the last date of the observable period.

Occurrence of esophageal complications
The number of EoE patients with esophageal foreign body or esophageal stricture was investigated. Lists of ICD-
10 codes for these conditions are shown in eTable 1–3.

Statistical analysis
Demographic and clinical characteristics of patients were summarized using median and interquartile range 
(IQR) for continuous variables and numbers (percentage) for categorical variables. Treatment patterns were 
analyzed descriptively and illustrated using Sankey diagrams. The Kaplan–Meier method was used to estimate 
medians and 95% confidence intervals (CIs) for the time to treatment discontinuation. Data handling and 
statistical analyses were conducted using R version 4.3.1 (R Core Team). Study design was summarized in 
eFigure 2 according to a structured template for planning and reporting on the implementation of real world 
evidence studies (STaRT-RWE)40.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author upon reasonable request.
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