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Background: Cystic fibrosis (CF) is a chronic multi-systemic disease that requires a complex daily treatment regimen. Therefore, there is sub-optimal adherence to CF therapies, and it was shown to impact its clinical and economic burden. Cystic fibrosis transmembrane conductance regulator modulators (CFTRm) are high-cost medications that demonstrated significant benefit in clinical trials. The aim of this study was to evaluate the safety, usability, and efficacy of the ReX platform in medication management of CFTRm for the treatment of people with CF (pwCF).



Methods: ReX is a patient engagement platform consisting of a cloud-based management system and a cell-enabled handheld device intended to dispense oral medication into the patient's mouth, following a pre-programmed treatment protocol. It provides real-time adherence data to caregivers and timely, personalized reminders to patients. This is a prospective multi-center open study for pwCFs older than 12 years, who had been prescribed CFTRm [elexacaftor/tezacaftor/ivacaftor (ETI) or tezacaftor/ivacaftor (TI)], and provided consent to use ReX platform to receive CFTRm and record their health condition. Study duration was 12–24 months, with clinic visits where physical examination, body mass index (BMI), and pulmonary function tests were performed, and user experience questionnaires were filled in.



Results: Ten pwCFs from two CF centers in Israel were included. The mean age was 31.5 years (range 15–74 years); eight were taking ETI and two TI. Median adherence to CFTRm was 97.5% (range 70%–100%) in the first year and 94% (range 84%–99%) in the second year, which is higher than the previously reported CFTRm adherence of ∼80%. No adverse events related to the use of the platform were reported. Patients reported ReX to be valuable to their treatment management and user friendly. Estimated mean forced expiratory volume in 1 s (FEV1%) increased from 74.4% to 80.8% (p = 0.004) over 2 years. Similarly, estimated BMI percentile increased from 53.5 to 59.0 (p < 0.001).



Conclusions: Using the ReX platform in medication management of pwCF treated by CFTRm is safe, easy to use, and effective in improving the adherence to treatment and the clinical outcomes. Consequently, this device may potentially reduce costs to healthcare providers. Further larger and long-term studies are required to examine the clinical benefits of the ReX platform.
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Introduction

Cystic fibrosis (CF) is a chronic genetic multi-systemic disease, which requires daily time-consuming treatment regimen that includes airway clearance, oral and inhaled medication, nutritional support, and exercise. The complexity of care has increased for people with CF (pwCF) in parallel with increased life expectancy (1), leading to substantial burden of care and disease monitoring (2). Therefore, there is low to sub-optimal adherence to CF therapies, which was shown to impact the clinical and economic burden of the disease (3, 4). In the last decade, cystic fibrosis transmembrane conductance regulator (CFTR) modulator (CFTRm) therapies targeting the basic molecular defect in CF have been developed and have demonstrated significant improved health outcomes, including better respiratory function, nutritional status, and enhanced quality of life (5). Currently, CFTRm are high-cost medications that pose a significant strain on healthcare budgets globally and lead to delays in funding and disparities within the CF community (2, 6). According to a previous report, adherence to CFTRm, evaluated by mean proportion of days covered for three modulators was only around 0.8 (7).

ReX (Dosentrx Ltd., http://www.dosentrx.com/; Figure 1) is a platform composed of a cloud-based management system and a cell-enabled handheld device. Its primary purpose is to help patients remotely manage their daily medication intake. ReX engages patients utilizing a touchscreen interface and dispenses oral medication into the patient's mouth, following a pre-programmed treatment protocol. In addition, the device is designed to ask patients customized clinical questions to enable remote patient monitoring. ReX addresses sub-optimal adherence to medication therapy by providing real-time, reliable adherence data to caregivers and timely, personalized reminders to patients via text messages and a call center. A patient's treatment plan can be altered in real time based on the answers the patient provides. ReX's novel “tracking to the mouth” technology was found usable and accepted by subjects in a non-clinical feasibility study (8). The same technology was previously developed as a patient-controlled analgesia device and was proved to be a safe and effective means of administering an oral analgesic for hospitalized patients requiring pain therapy after operation (9, 10).


[image: Figure 1]
FIGURE 1
ReX platform.


The aim of this study was to evaluate the safety, usability, and efficacy of the ReX platform in the measurement and management of medication adherence in pwCF receiving treatment with CFTRm. In addition, to assess clinical outcomes following treatment with CFTRm using the ReX platform, as compared to retrospective clinical data obtained during standard of care.



Materials and methods


Study design and participants

This was a prospective multi-center open study for pwCF, who had been prescribed CFTRm according to their CFTR mutations [elexacaftor/tezacaftor/ivacaftor (ETI) or tezacaftor/ivacaftor (TI)], and accepted to use ReX platform to receive these medications and simultaneously record their health condition. Two CF centers from Israel participated in the study between July 2020 and July 2023: Carmel Medical Center, Haifa (IRB: 023-20-CMC), and Hadassah Medical Center, Jerusalem (IRB: 0712-19-HMO). Inclusion criteria were pwCF ≥ 12 years old, not with end-stage lung disease (forced expiratory volume in 1 s, FEV1 ≥ 40%), treated with CFTRm, and able to swallow pills during training (successfully achieved two administrations of “demo” pills of Tic-Tac sweets by ReX).

Following informed consent and eligibility screening, subjects received training on the ReX platform including “demo” pill intake, how to perform cartridge exchange, and were set up in the system. Subjects received the ReX device to use at home and medication stored by pharmacy on the ReX cartridges for use for the following 8–12 weeks until the next visit, with several doses in their original package in case of a malfunction. Subjects were asked to bring their recently used ReX cartridges and the remaining extra pills for counting each following visit. The study duration was 12–24 months for each subject and included seven bi-monthly visits to the clinic in the first year, and four 3-monthly visits in the second year. In each visit, pill accountability was done to measure the subjects’ adherence. In addition, any adverse effects were registered, and physical examination was preformed, following measurements of body mass index (BMI) and pulmonary function test (PFT). User experience questionnaires were filled at 2, 6, 12, and 24 months by the patients, and questionnaires were also filled at the end of the treatment by the medical team. Retrospective clinical history of these subjects was extracted for 1 year prior to recruitment to the study. These data were compared to clinical data obtained during ReX use.



The ReX platform

The platform comprises of the following elements:


	(1)ReX device (ReX), portable medication dispenser with a touchscreen that communicates with the Remote Therapy Manager via the cellular network.

	(2)A locked disposable cartridge, supplied pre-loaded with tablets, filled by the pharmacy. The cartridge includes an integral mouthpiece, which releases the pill into the patient's mouth following application of a short inhalation by the patient.

	(3)ReX treatment manager, a web-based application used for the collection and management of real-time patients’ adherence and patient-reported outcome (PRO) data.

	(4)Reminders dispatched to patients and caregivers according to a predefined logic (email, SMS, or via support team call): take the CFTRm with a fatty meal, including personalized real-time reminders in any case of a “missed dose” event up to 2 h of delay.

	(5)PRO questions, tips, reminders, and groups of questions were presented to patients according to defined logic and are collated in the Remote Treatment Manager. This enables providing messages directly to patients. In this study, the subject answered short clinical surveys regarding dyspnea, cough level, fever, weight loss, phlegm (thickness, color, and amount), abdominal pain, and reminders for other treatments: inhalation and chest physiotherapy.

	(6)Thresholds in cases that patient reports exceed a certain threshold. Notifications via email and/or text messages are dispatched to the research team in real time according to a defined logic.



The ReX platform is designed to be used in delivering expensive drugs only. The ReX platform is currently under clinical development so pricing and reimbursement are not established yet, but the distribution model is that the pharmaceutical company will pay for its application with the relevant medication to enhance adherence and prevent drug waste.



Study assessments


	(1)Safety: patient's questionnaires were based on safety questions, on issues encountered regarding overdose incidents, pill dropping, pill deformation upon dispensing, or other incidents (see the Supplementary Material). Questions asked on the medical team questionnaires: Are you aware of a report of a significant event that did not arrive or arrived too late? Has a significant event related to medication administration through the device occurred? Have you received a communication from the patient regarding issues with the device? Have you received any comments or requests from the research pharmacist? Have you ever contacted a patient following a device-generated report?

	(2)The device's usability was evaluated using a Likert-like scale in questionnaires, grading the usability between 1 and 5 (1 being user-friendliest and 5 the lowest) regarding screen instructions, inhale release, replacement of cartridge, device charging, and incident reporting with the device (see the Supplementary Material). These questionnaires were handed on the first year of trial only.

	(3)General opinion was evaluated using a Likert-like scale in the patient's questionnaires grading their opinion between 1 and 5 (1: don't agree to 5: most agree) on the following questions: I was able to report incidents easily; Got sense of confidence; Reminders helped me take medications on time; My treatment is more efficient with the device vs. without; Want to continue using the device; Will recommend other patients to use it. Similarly, the medical team also graded their perspectives on the following questions: I felt that the system allows me to closely and efficiently monitor the patient's medical condition compared to routine treatment; I am comfortable knowing that if a patient reports a significant event, I will receive a notification in real-time; I have gained benefits from tracking and/or data regarding the patient's adherence level; I feel that my service to the patient is more efficient with the device than without; I would be interested in continuing to use the system; I would recommend other teams to try the system. These questionnaires were handed in at the end of the first and second years.



We evaluated the relative change in the following parameters (1/2 years after commencing CFTRm via ReX platform vs. a year before, mean values for both time periods were analyzed):


	(1)Adherence to treatment: subject's adherence was monitored by the ReX platform. Data from each dose event were saved and transmitted to the cloud. These data were double checked by the pill accountability during each visit. Data on the adherence to CFTRm in the year prior to the use of the ReX platform were based on patients’ self-reports and multi-disciplinary care team assessment ranging from very low, low, medium to high.

	(2)PFTs were performed according to American Thoracic Society/European Respiratory Society standard (11). Percent predicted values of FEV1% were measured using the Global Lung Function Initiative (GLI) equations (12).

	(3)BMI was calculated for all patients. For those <20 years of age, BMI was presented as percentile for age, and for those ≥20 years, the corresponding BMI percentile was calculated, facilitating comparisons (13).





Statistical analysis

FEV1% and BMI percentiles for each timepoint were presented as medians (Me) with the first (Q1) and the third (Q3) quartile due to small number of observations. However, means with standard deviations (SD) were also presented for informative purposes only. Comparison across different timepoints was performed using paired Wilcoxon signed rank test, with Holm adjustment for multiple comparisons. Data were visualized using boxplots for paired observations (with connected points belonging to the same patient). The mixed-effect model was fitted to the data with the patient as the random effect to account for correlation of several measurements taken for the same patient and timepoint as a fixed effect. In the case when patients switch medication during the study, such information was added to the model to adjust the effect of using the device in the FEV1% and BMI percentile. Then estimated means from the model with standard errors were calculated for each timepoint, adjusted for any changes in medications, with p-values calculated using Tukey’s honestly significant difference test. Analysis was performed using R 4.3.1 (A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria, 2023).




Results

Ten pwCFs from two CF centers were included in the study: mean age 31.5 years (range 15–74 years), four patients <18 years, all men by chance (most were low to medium adherent), with variant CFTR mutations. The patients’ demographics and characteristics at baseline are presented in Table 1. Six of the patients were pancreatic insufficient. One patient was naive to CFTRm at the study beginning, but the other nine were previously treated by a CFTRm and switched between them as described in Table 1. During the study period, eight were taking mostly ETI, and two were taking mostly TI. Five subjects completed 2 years in the study, four completed 1 year in the study (two due to late recruitment and end of study, one due to irregular visits to clinic, and one due to a prolonged hospitalization), and one patient withdrew after 8.5 months due to personal request unrelated to the study.


TABLE 1 Baseline characteristics of pwCFs treated in the study.

[image: Table 1]

Regarding safety, a total of 128 safety questions were answered by the 10 patients, and 36 questions were answered by the two medical teams, showing no adverse events related to the use of the ReX platform. Usability was evaluated by 141 questions to patients at the end of the first year and demonstrated a median of 1.4 (1 being user-friendliest) (Figure 2A). The median general opinion upon conclusion of the trial was scored “5” by patients (Figure 2B) and “4.75” by care teams (Figure 2C).


[image: Figure 2]
FIGURE 2
Ease of use and general opinion questionnaire results of the ReX platform. (A) Average ease of use questionnaires during the first year of study. 1 = most user friendly (n = 10). (B) General opinion of patients, last available observation at 12 or 24 months. 5 = most valuable to the treatment management (n = 9, one patient withdrew before completing the first year). (C) General opinion answered by different care team members upon trial ending. 5 = most valuable to the treatment management (n = 6).


A total of over 14,500 tablets were taken through the device. This represents a median adherence to CFTR modulators of 97.5% (range 70%–100%) in the first year of study and 94% (range 84%–99%) in second year, which are higher treatment rates compared to pre-ReX clinical assessment of compliance (Table 2) and are higher than the previously reported CFTRm adherence of ∼80% (7).


TABLE 2 Adherence to CFTR modulators.

[image: Table 2]

Increases in both FEV1% and BMI percentile were observed over time, with the most prominent change being the increase in FEV1% in 80% of the analyzed subjects from a year prior to the study to the first year of the study (Table 3, Figure 3). Similar increase in BMI percentile was observed among 60% of the participants (Figure 4). After adjustment for changes in CFTRm during the study, estimated average FEV1% increased from 74.4% to 80.8% (p = 0.004) over the course of the study. Similarly, estimated BMI percentile increased from 53.5 to 59.0 (p < 0.001) (Table 4). Results were adjusted for change in medication, which was not significant in any of the models with FEV1 increase by 3.2% (SE: 2.1%, p = 0.12), and BMI percentile decreased by 1.5 (SE: 1.4, p = 0.30) after the change.


TABLE 3 Changes in FEV1% and BMI percentiles over time (n = 10).
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FIGURE 3
Changes in FEV1% over time (n = 10).
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FIGURE 4
Changes in BMI percentiles over time (n = 10).



TABLE 4 Changes in FEV1 and BMI percentiles over time adjusted for change in CFTR modulators (n = 10).

[image: Table 4]

The platform enhanced communication between the patients and the caregivers: two patients were called into the clinic in real time and then hospitalized due to reports on ReX of abdominal pain and worse cough. Others were contacted by their CF physician when they did not adhere to their everyday regimen.



Discussion

In this pilot study, we demonstrated that the use of the ReX platform by remote patient control in pwCFs treated by CFTRm is safe, easy to use, and effective in improving the adherence to this chronic and expensive treatment. To our knowledge, this is the first pilot report of the usage of the ReX platform in the medication management of a chronic disease.

Consensus on how to measure adherence is lacking, and the quality of studies addressing adherence in the CF population is generally poor. Overall, studies using self-reported measures yielded higher adherence scores than those that used objective measures (3). Current digital medication management methods of adherence assessment include reminder apps for mobile phone, embedded chip in packaging to detect pill removal, dispensing machines, and even a sensor incorporated in the pill itself to confirm it has been swallowed (14). There is also digital monitoring to inhaled therapies via chipped nebulizers plus tailored support via an online platform, which probably improves adherence and reduces treatment burden in pwCF (15). Using technological interventions for children with chronic lung disease suggest better adherence to treatment (16). However, such solutions focus on one aspect of the treatment cycle and have limitations. ReX is an innovative medication management platform designed to address the whole treatment cycle that involves several stages: packaging the medication in a safe mode; dispensing to the patient at the right time and in the right dose; and reminding patients to take their medication and monitoring impact of the medication on the patient's wellbeing. In this way, ReX assures the patient engagement with the process and consequently better adherence to the prescribed regimen. Improving adherence is a key factor in refining patient safety and quality of care tailored to patients’ needs, in reducing unused and improper medications, increasing the effectiveness and cost-effectiveness of healthcare, and consequently, improving the financial sustainability of health systems.

In the current study, we also found that by using the ReX platform, a statistically significant improvement in the clinical outcomes was achieved: FEV1% improved by 8.6% and BMI percentile by 10.2% after 2 years of treatment. Our cohort included pwCFs with different CFTR mutations and changes in CFTRm over time, and still found a significant improvement in FEV1%. This improvement is comparable to the absolute percentage change in FEV1 seen in phase 3 trials on pwCFs aged 12 years or older treated by ETI [14.3% by 6 months in pwCFs with a single Phe508del allele (17) or 10% by 4 weeks in pwCFs homozygous to Phe508del (18)] and on TI treatment [6.8% by 4 weeks in residual-function heterozygous (19) or 4% by 24 weeks in pwCFs homozygous to Phe508del (20)]. In these clinical studies, strict follow-ups and adherence diaries are maintained; therefore, adherence levels are high and resemble the adherence achieved by using the ReX platform.

There are some advantages in the current study: first is the double-step process of measuring adherence (record on cloud by the platform + pill accountability by team), which assures supreme precision; second is the long-term follow-up of a year to two, regarding adherence and clinical outcomes to CFTRm treatment by the novel ReX platform. However, our study has several limitations. First is the the heterogeneous and small group size. Second, a selection bias might have been inadvertently made by choosing subjects with relatively low–medium adherence and ending with all subjects being men. Another disadvantage was that the adherence to CFTRm in the year prior to the use of the ReX platform was based on patient self-reports and care team assessment. These are known to be unreliable methods. Also, adherence to other CF treatments including chest physiotherapy during the trial was made by patient and team assessments and not by the ReX platform.

In conclusion, we demonstrated that using the ReX platform to monitor the CFTRm treatment in pwCFs is safe, easy to use, and effective in improving adherence to this chronic and expensive therapy, and consequently, in improving some clinical outcomes. It seems that it may potentially reduce costs to healthcare providers and prevent drug waste. Further larger and long-term studies are required to examine the clinical benefits of the ReX platform for other therapies in other chronic diseases.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by 023-20-CMC (Carmel Medical Center) and 0712-19-HMO (Hadassah Medical Organization). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

KY-B: Supervision, Writing – original draft. MC-C: Data curation, Writing – review & editing. DS: Conceptualization, Data curation, Writing – review & editing. TL: Data curation, Writing – review & editing. AO: Data curation, Writing – review & editing. MS: Data curation, Writing – review & editing. GL: Conceptualization, Supervision, Writing – review & editing.



Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article.

Dosentrx Ltd. provided ReX medication delivery devices and financial support. Dosentrx won a grant from the Israel Innovation Authority under “The Government-tech track: digital innovation in the public sector” (approval number: 67032, file number: 1001242044). This grant enabled the funding for the current research, which was endorsed and supervised by the Israeli Ministry of Health. Dosentrx Ltd. together with comments of principal investigators from both sites were responsible for study conception and design. The sites were responsible for data collection, analysis and interpretation of results, and manuscript writing and preparation independent from the sponsor.



Conflict of interest

MS declares grants from GSK, during the conduct of the study; personal fees and non-financial support from GSKÐ grants; personal fees from Novartis; personal fees and non-financial support from Bohringer- Ingelheim; personal fees from Astra Zeneca; personal fees from Kamada; personal fees from Teva; non-financial support from Actelion; grants, personal fees, and non-financial support from GSK; grants from Novartis; non-financial support from Rafa; personal fees from Zambon; personal fees from Airphysio; personal fees from Bonus Biogroup; and personal fees from Syncrony medical, outside the submitted work.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1300968/full#supplementary-material



References

1. Cohen-Cymberknoh M, Shoseyov D, Kerem E. Managing cystic fibrosis: strategies that increase life expectancy and improve quality of life. Am J Respir Crit Care Med. (2011) 183(11):1463–71. doi: 10.1164/rccm.201009-1478CI

2. Bell SC, Mall MA, Gutierrez H, Macek M, Madge S, Davies JC, et al. The future of cystic fibrosis care: a global perspective. Lancet Respir Med. (2020) 8(1):65–124. doi: 10.1016/S2213-2600(19)30337-6

3. O’Donohoe R, Fullen BM. Adherence of subjects with cystic fibrosis to their home program: a systematic review. Respir Care. (2014) 59(11):1731–46. doi: 10.4187/respcare.02990

4. Narayanan S, Mainz JG, Gala S, Tabori H, Grossoehme D. Adherence to therapies in cystic fibrosis: a targeted literature review. Expert Rev Respir Med. (2017) 11(2):129–45. doi: 10.1080/17476348.2017.1280399

5. Mall MA, Mayer-Hamblett N, Rowe SM. Cystic fibrosis: emergence of highly effective targeted therapeutics and potential clinical implications. Am J Respir Crit Care Med. (2020) 201(10):1193–208. doi: 10.1164/RCCM.201910-1943SO

6. Palla JB. Disparities and therapeutic advances in cystic fibrosis. Pediatr Pulmonol. (2023). doi: 10.1002/PPUL.26445

7. Mehta Z, Kamal KM, Miller R, Covvey JR, Giannetti V. Adherence to cystic fibrosis transmembrane conductance regulator (CFTR) modulators: analysis of a national specialty pharmacy database. J Drug Assess. (2021) 10(1):62–7. doi: 10.1080/21556660.2021.1912352

8. Shtrichman R, Conrad S, Schimo K, Shachar R, Machluf E, Mindal E, et al. Use of a digital medication management system for effective assessment and enhancement of patient adherence to therapy (ReX): feasibility study. JMIR Hum Factors. (2018) 5(4):e10128. doi: 10.2196/10128

9. Wirz S, Conrad S, Shtrichman R, Schimo K, Hoffmann E. Clinical evaluation of a novel technology for oral patient-controlled analgesia, the PCoA® acute device, for hospitalized patients with postoperative pain, in pilot feasibility study. Pain Res Manag. (2017) 2017. doi: 10.1155/2017/7962135

10. Wirz S, Seidensticker S, Shtrichman R. Patient-controlled analgesia (PCA): intravenous administration (IV-PCA) versus oral administration (oral-PCA) by using a novel device (PCoA® acute) for hospitalized patients with acute postoperative pain—a comparative retrospective study. Pain Res Manag. (2021) 2021. doi: 10.1155/2021/2542010

11. Graham BL, Steenbruggen I, Barjaktarevic IZ, Cooper BG, Hall GL, Hallstrand TS, et al. Standardization of spirometry 2019 update. An official American Thoracic Society and European respiratory society technical statement. Am J Respir Crit Care Med. (2019) 200(8):e70. doi: 10.1164/RCCM.201908-1590ST

12. Cooper BG, Stocks J, Hall GL, Culver B, Steenbruggen I, Carter KW, et al. The global lung function initiative (GLI) network: bringing the world’s respiratory reference values together. Breathe (Sheffield, England). (2017) 13(3):e56–64. doi: 10.1183/20734735.012717

13. Boëlle PY, Viviani L, Busson PF, Olesen HV, Ravilly S, Stern M, et al. Reference percentiles for FEV1 and BMI in European children and adults with cystic fibrosis. Orphanet J Rare Dis. (2012) 7(1):64. doi: 10.1186/1750-1172-7-64

14. Browne SH, Peloquin C, Santillo F, Haubrich R, Muttera L, Moser K, et al. Digitizing medicines for remote capture of oral medication adherence using co-encapsulation. Clin Pharmacol Ther. (2018) 103(3):502–10. doi: 10.1002/cpt.760

15. Smith S, Calthorpe R, Herbert S, Smyth AR. Digital technology for monitoring adherence to inhaled therapies in people with cystic fibrosis. Cochrane Database Syst Rev. (2023) 2023(2). doi: 10.1002/14651858.CD013733.pub2

16. Faiçal AVB, Mota LR, Correia D, Monteiro LP, de Souza EL, Terse-Ramos R. Telehealth for children and adolescents with chronic pulmonary disease: systematic review. Rev Paul Pediatr. (2023) 42:e2024111. doi: 10.1590/1984-0462/2024/42/2022111

17. Middleton PG, Mall MA, Dřevínek P, Lands LC, McKone EF, Polineni D, et al. Elexacaftor-tezacaftor-ivacaftor for cystic fibrosis with a single Phe508del allele. N Engl J Med. (2019) 381(19):1809–19. doi: 10.1056/NEJMOA1908639

18. Heijerman HGM, McKone EF, Downey DG, Van Braeckel E, Rowe SM, Tullis E, et al. Efficacy and safety of the elexacaftor plus tezacaftor plus ivacaftor combination regimen in people with cystic fibrosis homozygous for the F508del mutation: a double-blind, randomised, phase 3 trial. Lancet. (2019) 394(10212):1940–8. doi: 10.1016/S0140-6736(19)32597-8

19. Rowe SM, Daines C, Ringshausen FC, Kerem E, Wilson J, Tullis E, et al. Tezacaftor–ivacaftor in residual-function heterozygotes with cystic fibrosis. N Engl J Med. (2017) 377(21):2024–35. doi: 10.1056/nejmoa1709847

20. Taylor-Cousar JL, Munck A, McKone EF, van der Ent CK, Moeller A, Simard C, et al. Tezacaftor–ivacaftor in patients with cystic fibrosis homozygous for Phe508del. N Engl J Med. (2017) 377(21):2013–23. doi: 10.1056/NEJMOA1709846



OPS/images/fped-11-1300968-g001.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Optimizing CFTR modulator therapy management for cystic fibrosis through the ReX platform

		Introduction



		Materials and methods



		Study design and participants



		The ReX platform



		Study assessments



		Statistical analysis











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Optimizing CFTR modulator
therapy management for cystic
fibrosis through the ReX platform





OPS/images/fped-11-1300968-g003.jpg
FEV1

110%

100%

90%

Prior to the study

st year

2nd year





OPS/images/fped-11-1300968-g002.jpg
~ ) ~ & . @ ~
1eaf 35| 85N Jo Bse3 o O |esauaD) swes)| aied)

<~ ™
uoluidQ |esauan





OPS/images/fped-11-1300968-g004.jpg
BMI Percentile

-
P
Prior to the study 1st year

2nd year





OPS/images/fped-11-1300968-t001.jpg
No. First Second | Pancreatic | Age at |CFRD PA | Other infections or ReX CFTRm Tx | CFTRm Tx in

mutation | mutation status study issues (months) | during the | the prior
(PI/PS) Held study year
(years) period
Nocardia; highly TI switched to | LT with poor
unbalanced CFRD; ETI after compliance.
depression 4 months Switched to T
after 8 months
2| GSSE DII52H s 15 N N N | One episode of elevated 2 TI switched to | TI
CPK on ETI ETI after
45 months
3| GSSE DII52H s 16 N N N | One episode of elevated 2 TI switched to | TI
CPK on TI, and one ETI after
episode on ETI 4.5 months
4 | DFs08 DF508 Pl 33 Y N Y | Unbalanced CFRD; 23 ETI ETI

bronchial artery
embolization due to
severe hemoptysis

5 | D579G c2399A>C | PS 6 |N N N | None 12 ETI No
6 | GssE G8SE I 15 16T [N N | Intermittent PA 12 ETI ETI
7 A455E 2326-1 G>C | PI 74 4 N Y Post CVA, 14 TI switched to | TI
hyperlipidemia, ETI affer
hypertension, 9 months
osteoporosis, glaucoma,
retinal detachment,
Ischemic heart disease
8 3849+ L138ins | PS 53 N N N | Obesity, hypertension, 2 I I
10kbC>T OSA, hyperlipidemia
9 |wisx | DEsos I 9 [N Y (Post | Y | Chronic immune 85 ETI ETI
Lty suppressive Tx
10| Gsa2x DF508 I u [N Y (Post | N | Chronic immune 2 ETI ETI
Lw'2) suppressive Tx

CFRD, CF related diabetes; CFLD, CF liver disease; F, female; M, male: PA, chronic infection with Pseudomonas aeruginosa; Pl, pancreatic insufficient; PS, pancreatic
sufficient; Tx, treatment; N, no; Y, yes: IGT, impaired glucose tolerance; CPK, creatine phosphokinase; CVA, cerebrovascular accident; Lix, liver transplant; OSA,
obstructive sleep apnea

*Gender: all 10 subjects were men.
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For subject 5 (CFTRm naive), the overall CF treatment adherence was assessed by
him and the care team.
“Based on patient self-reports and care team assessments.
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