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Abstract

Toxicities after chimeric antigen receptor T cell (CAR-T) therapy are well known, yet the patient 

experience during and after CAR-T therapy has not been well described outside of the trial 

setting. We explored the patient experience after CAR-T therapy to inform the patient-reported 

outcomes (PRO) measurement approach for the Center for International Blood and Marrow 

Transplant Research (CIBMTR). We recruited (1) adult patients diagnosed with a hematologic 

malignancy 14 days to 6 months after receiving a commercial CAR T cell product who had 

agreed to be contacted by the CIBMTR, (2) caregivers of those patients, and (3) clinical 

experts in CAR-T therapy. Telephone interviews were conducted following a semistructured 

guide that included open-ended questions about symptoms and functioning. We conducted a 

systematic content analysis of each transcript using prespecified codes representing common 

domains of health, as well as open coding for emergent themes. Forty patients at 29 centers, 

15 of their caregivers, and 15 experts from 9 centers participated, representing diversity with 

respect to age, sex, race/ethnicity, and years in practice (experts). Patients, caregivers, and 

experts shared largely consistent impressions of the patient experience after CAR-T therapy. 

Commonly described themes included anxiety, cognitive dysfunction, depression, fatigue, pain, 

impaired physical function, gastrointestinal symptoms, sexual dysfunction, sleep difficulties, need 

for support, financial impact, hospitalization, communication with healthcare providers, and the 

COVID-19 pandemic. Limitations in patients’ ability to participate in social roles and activities 

was the most prevalent theme, found in nearly all interviews. In the setting of CAR-T therapy, 

a multidimensional approach to PRO measurement is needed that includes physical, mental, and 

social health, as well as the financial impact of this novel treatment. High-quality existing PRO 

tools are available to measure these concepts. Results will inform the CIBMTR measurement of 
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PROs after CAR-T therapy and may be applicable to other CAR-T studies that aim to represent 

patient experiences.
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Chimeric antigen receptor T cell therapy; Qualitative; Patient experience; Patient-reported 
outcomes

INTRODUCTION

Patient-reported outcomes (PROs)—patients’ reporting of their own symptoms and 

functioning without interpretation by anyone else [1]—is an important component of 

evaluating new therapies and optimizing patient care. In the setting of hematopoietic cell 

transplantation (HCT), a treatment option for cancers and other diseases, PRO measures 

have gained acceptance [2,3] as outcomes that complement traditional survival endpoints. 

The Center for International Blood and Marrow Transplant Research (CIBMTR) maintains 

a clinical outcome registry including longitudinal follow-up for more than 575,000 

transplantation and cellular therapy recipients [4]. The CIBMTR developed an infrastructure 

for the routine collection of PRO measures and solicited multidisciplinary expert input to 

inform a measurement strategy, which includes collection of a core set of domains and time 

points suitable for longitudinal measurement before and after transplantation [5].

Numerous PRO measures are available, and although different measures may be appropriate 

for different contexts, the proliferation of measures makes comparisons across studies and 

populations difficult. The Patient-Reported Outcomes Measurement Information System 

(PROMIS) is the NIH’s initiative to standardize measurement of common PROs in clinical 

research across chronic conditions [6], including oncology [6,7]. PROMIS offers a publicly 

available, flexible set of tools that use advances in qualitative [8], cognitive [9], and 

psychometric [10] research methodologies. A critical advantage of PROMIS is the ability 

to deliver measures using computerized adaptive testing (CAT) [11], where the questions a 

person answers are tailored individually based on previous responses, to reduce the response 

burden. In a context of long-term follow-up, where symptoms and functioning are expected 

to vary widely both over time and across individuals, CAT may better represent the full 

range of symptomatology and functioning (eg, reduced floor and ceiling effects) while not 

over-burdening patients with multiple long measures.

The CIBMTR is using PROMIS measures in the transplantation setting [12]; however, 

foundational methodological work has not been conducted in the context of newer cellular 

immunotherapies, such as chimeric antigen receptor T cell (CAR-T) therapy. In CAR-T 

therapy, a patient’s T cells are genetically engineered in vitro to be directed against 

cancer cells [13]. Although promising results have been noted in patients with hematologic 

malignancies [14-16], these therapies are associated with specific toxicities that may 

affect quality of life. A recent review of PRO measures in studies of patients receiving 

CAR-T therapy found that CAR-T clinical trials have used a variety of PRO measures, 

including the EORTC QLQ-C30, the FACT-Lym, the PRO-CTCAE, and PROMIS [17]. 

The review authors made recommendations for PRO measurements in future studies, 
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including that PROMIS measures be considered for physical functioning and disease 

symptoms complemented by items from the PRO version of the Common Terminology 

Criteria for Adverse Events (PRO-CTCAE) for measurements of symptomatic adverse 

events during the acute phase of treatment. Importantly, the review advocated for qualitative 

studies to include patients’ input on measured domains and instruments [17]. Qualitative 

studies also can provide evidence of a measure’s content validity, including its relevance, 

comprehensiveness, and comprehensibility [18].

The objective of the present study was to use qualitative methods to directly involve 

stakeholders in determining a PRO measurement plan for the CIBMTR and to evaluate 

the relevance and comprehensiveness of PROMIS domains previously selected for the 

transplantation setting in the new context of CAR-T therapy.

METHODS

This was a nonrandomized prospective cross-sectional qualitative interview study with 3 

groups of stakeholders: patients, caregivers of patients, and CAR-T experts. Eligible patients 

were English-speaking adults age ≥18 years diagnosed with a hematologic malignancy who 

had received a commercial CAR-T product and were between 14 days and 6 months post-

therapy. Patients who met these eligibility criteria and had consented to be contacted by the 

CIBMTR were sent an informational letter via email describing the study and inviting them 

to participate. Interested caregivers referred by their patients were approached by phone 

and/or email for participation. Eligible patients and caregivers who agreed to participate 

provided verbal consent.

CAR-T experts were defined as clinicians or researchers who had at least 2 years of 

experience treating or managing recipients of CAR-T therapy. These included physicians 

(some of whom were also trialists/clinical researchers), advanced practice providers, and 

registered nurses. Experts were identified in 2 ways; one half were identified by the research 

team through snowball sampling and the other half were identified via a systematic literature 

search for first or senior authors of manuscripts relating to CAR-T therapy published in 

leading journals between 2019 and 2021: Journal of Clinical Oncology, New England 
Journal of Medicine, Blood, Leukemia, and Blood Advances. Experts were recruited by 

email and screened for eligibility using a brief demographic questionnaire. An informational 

consent letter was emailed to participating experts.

Within each stakeholder group, we aimed for a diverse sample of participants with regard 

to age, sex, and race/ethnicity. For experts, we also aimed for diversity in terms of the role 

of provider (MD vs advanced practice provider) and years in practice. For patients, we also 

aimed for diversity with regard to infusion type, setting (inpatient and/or outpatient), and 

time since CAR-T therapy.

Data Collection

A trained interviewer conducted qualitative interviews by Zoom audio or phone following 

a semistructured guide aligned with standards for content validity as outlined by 

PROMIS, COnsensus-based Standards for the selection of health Measurement Instruments 
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(COSMIN), and ISPOR [8,19,20]. The guide included open-ended questions for concept 

elicitation and questions about the impact of CAR-T therapy on daily life (Table 1). For 

caregiver interviews, questions referenced the patient’s experience from the caregiver’s 

perspective. Expert interviews covered similar topics, with questions about patients in the 

aggregate. Stakeholders were interviewed once; no PRO assessments were administered. 

Interviews were audio recorded and transcribed. Compensation of up to $75 was offered to 

patients, caregivers, and experts for their time.

Statistical Methods

We conducted a systematic content analysis of each transcript using a combination of 

prespecified codes and open coding [21]. Prespecified codes included domains of life 

expected to be affected by CAR-T therapy and represented by PROMIS item banks [6] 

and the COST-FACIT measure [22]. Open coding included a catalog of any additional 

symptoms or experiences not reflected in the prespecified domains. We used published 

PROMIS domain definitions where applicable with some modifications, as noted in Table 

2. For financial impact, we built on the domain definition of the COST-FACIT [22], a 

PRO measure that assesses self-reported financial distress experienced by cancer patients to 

screen for financial toxicity, including out-of-pocket costs and loss of income or economic 

changes caused by treatments and disease. For our coding purposes, we included all 

mentions of costs and finances, not just financial toxicity.

We coded patient interviews with regard to whether the experience happened in the previous 

week in order to examine experiences of symptoms at different time points after CAR-T 

therapy. Four members of our team, representing both clinical and methodological expertise, 

read 2 transcripts and discussed a high-level summary of themes to develop a preliminary 

codebook. To facilitate team-based coding, our code-book included a code name, a 

definition, inclusion and exclusion criteria to help distinguish codes from one another, and 

examples [23]. In general, we coded the presence of symptoms, such that if a patient said 

they felt depressed, this was included under the code of depression, but if a participant 

mentioned that they did not feel depressed, this was not coded under depression. The 

exception to this was the code for financial impact, which we used to categorize comments 

related to costs and insurance, regardless of whether or not the participant described it as a 

negative impact. We independently double-coded 10% of transcripts, meeting regularly as 

a team to identify coding discrepancies and adjust the preliminary code-book as needed 

to create a final codebook. Meaningful changes were related to new codes that were 

added. Three team members coded all transcripts using the final codebook. Transcripts 

were managed using NVivo (release 1.5) qualitative analysis software. Herein we describe 

the themes represented in the interviews along with the similarities and differences within 

and across stakeholder groups based on prevalence of codes by role, and for patients we 

also report prevalence of codes by duration of time since CAR-T treatment. This study 

was approved by the National Marrow Donor Program/Be The Match Institutional Review 

Board.
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RESULTS

Recruitment occurred between April 1, 2021, and December 15, 2021. Participants included 

40 patients at 29 centers who received a commercial CAR-T product for a hematologic 

malignancy during 2020 or 2021, 15 caregivers, and 15 experts from 9 centers. Participants 

were diverse with respect to sex, age, race/ethnicity, caregiver relationship to patient, and 

expert role and years in practice (Table 3). Patients described a wide range of experiences 

after CAR-T therapy, ranging from very difficult experiences with many side effects to 

very few side effects. Patients, caregivers, and experts shared consistent impressions of the 

patient experience after CAR-T therapy, as evidenced by the codes generally being used 

consistently across roles (Table 2). Other than the codes that were unique to either caregivers 

(caregiver perspective) or experts (PRO measures and treatment procedures), there were no 

codes that were used exclusively by a particular role. Representative quotations for each 

code by role are available in the Supplementary Data.

Mental Health

Mental/cognitive health was an important theme. Cognitive problems, particularly 

forgetfulness, were common overall although varying somewhat by role, with all experts 

(100%) referencing cognitive function and somewhat fewer patients (60%) and caregivers 

(47%) mentioning it. Cognitive function was mentioned as a recent issue (ie, experienced 

within the last 7 days) for some patients at 2 to 4 months post-CAR-T therapy and 

4 to 6 months post-CAR-T therapy, but not by any patients at 14 days to 2 months 

post-CAR-T therapy. Depression was mentioned in approximately 40% of interviews. One 

caregiver described their spouse’s mental health experience with cognitive dysfunction and 

depression, “He kind of didn’t have any interest in interacting with anyone else. I think 

that he kind of got into a…I guess, depression. He was frustrated with himself all the time 

because he couldn’t remember anything." Depression was mentioned as a recent issue by 

patients at all time points since CAR-T therapy. Anxiety was common, mentioned by a total 

of 17 patients (~40%), but only 3 patients mentioned it as a recent issue, all of whom were at 

2 to 4 months post-CAR-T therapy and had upcoming positron emission tomography scans. 

One of these 3 patients also described anxiety specifically related to financial stress from 

being unable to work and disability compensation providing only approximately $100 per 

month. Psychosocial illness or treatment impact was one of the most frequently mentioned 

concepts, coded in >75% of interviews, with people describing how the experience changed 

them; for example, “it affected me for the better, I think, because it opened my eyes to see 

not everything is rainbows and roses.”

Physical Health

Within the theme of physical health, the most commonly coded topic across all stakeholders 

was fatigue, with almost three-quarters of experts and caregivers mentioning it, as well 

as 60% of patients. Most commonly noted by patients were physical limitations and pain, 

although the experience of pain seemed related to past damage from the underlying disease 

(eg, bone pain). Fatigue, physical limitations, and pain were all mentioned as recent issues 

by patients at all time points post-CAR-T therapy. More than one-half of participants 

mentioned gastrointestinal (GI) symptoms, in particular lack of appetite. GI symptoms were 
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mentioned as a recent issue for some patients at 2 to 4 months post-CAR-T and 4 to 6 

months post-CAR-T but not by any patients at 14 days to 2 months post-CAR-T. Difficulty 

sleeping (often because of pain), as well as sleeping more than usual and needing to nap, 

were mentioned by nearly all caregivers but by fewer patients and experts. Sexual function 

and fertility were mentioned in the fewest interviews (<10%).

Social Health

Almost all participants acknowledged impacts to social roles and activities as a result of 

receiving CAR-T therapy; for example, the patient who explained that needing to nap means 

“I have to take extra breaks. And it’s impacted the level of work that I’m able to accomplish. 

So I’m not able to get to as many clients throughout the day as I did pre-CAR-T.” Impacts 

on social roles were mentioned as a recent issue for patients at 2 to 4 months post-CAR-T 

but not at 14 days to 2 months or 4 to 6 months post CAR-T.

Similarly, the overwhelming majority of patients, caregivers, and experts acknowledged 

social support was impacted by CAR-T therapy. One patient explained “I think in some 

cases, the relationships are better. They’ve stepped up to help take care of me and be there 

for me on days when I’m sad.” According to one expert, “most of our patients have really 

good support groups. They understand support systems. They understand that they need a 

constant companion directly after CAR-T therapy. And for most patients, they have that. 

And I think the families are very supportive.” Although impacts were mostly expressed 

as positive, participants also referenced the patient’s inability to physically connect with 

family and friends owing to the Coronavirus disease 2019 (COVID-19) pandemic and the 

lower immunity of the patient. One patient mentioned that “I talk and I communicate by 

Zoom, and by phone, and Whatsapp videos. So it’s another kind of communication. Of 

course, it’s not a hug that I can give to my friends but at least we are communicating. 

But I can deal with it because we have other means of communication.” Some caregivers 

mentioned that it was stressful caring for the patients especially during the pandemic, with 

one caregiver explaining “…especially during COVID when you don’t have any help, and 

I can’t bring people into the house, when family can’t visit to take the load off of you. It’s 

all-encompassing.” Social support was mentioned as a recent experience by patients at all 

time points post-CAR-T therapy.

Financial Impact

The financial impact of CAR-T therapy was noted by >80% of participants overall, although 

not as a recent issue except by 1 patient at 2 to 4 months post-CAR-T therapy. Participants 

described concerns about out-of-pocket costs and loss of income or economic changes 

caused by treatments and disease. One patient explained, “you need to have somewhere to 

stay. I had to continue to pay for car insurance, pay for my vehicle, pay for activities that my 

child has. So, it was very difficult.”

Other

Under Emergent Symptoms, we coded any symptoms or experiences that participants 

mentioned that were not represented by the already-defined symptom/function codes. Fever 
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was mentioned the most frequently, followed by dizziness and/or hypotension and balance 

issues. Multiple patients experienced hair loss that came as a surprise.

Open-coding resulted in 3 codes regarding experiences of CAR-T therapy. Communication 

with the care team was coded in all patient interviews (100%) and the majority of caregiver 

interviews (80%) but in only 1 expert interview (7%). Patients described predominantly 

positive communication with providers, referencing the help communicating with their care 

team provided. Some patients described problems communicating with care team members, 

including difficulty knowing how to approach a topic. Hospitalization was coded in 56% of 

all interviews, with 80% of patients acknowledging hospital and/or intensive care unit stays. 

Because of the timing of these interviews, COVID-19 and the pandemic were frequently 

mentioned.

We used a caregiver perspective code to note the unique perspectives of caregivers. Multiple 

caregivers mentioned feeling unprepared by their care team for the difficulty taking care of 

the patient. We also applied the caregiver perspective code to comments from caregivers that 

highlighted issues they noticed that the patients did not. For example, one caregiver noted 

a change in the patient’s personality, “I don’t know if he realizes his patience has been 

shorter.”

Two codes were unique to experts: use of PRO measures in practice or research and CAR-T 

treatment procedures. First, we asked providers about whether they used PRO measures in 

practice and/or research. Most did not have PRO measures available to guide clinical care, 

though 1 physician expert reported institution-wide PROs used for clinical care (using the 

PRO CTCAE) and remarked on its usefulness, “it also helps to guide the conversation for 

them, because sometimes I’m like, ‘Oh, how are you doing?’ And the patient is like, ‘I’m 

fine.’ And they don’t bring up anything. [laughter] And then I’m like, ‘Well, on the form 

that you filled out, you mentioned that you have decreased appetite or trouble drinking 

fluids. Can you tell me about that?’ So it has clinical impact.” A nurse practitioner expert 

mentioned wishing they had information about patients’ social determinants of health: “a 

resource question would be helpful to ask, such as resources for food, transportation, and 

housing.”

We asked experts about CAR-T therapy procedures regarding inpatient/outpatient treatment 

options. Most experts mentioned having both options at their centers with treatment being 

dependent on the regimen the patient received. Experts acknowledged that current treatment 

procedures have a significant impact on patients’ social and financial health. For most 

centers, inpatient treatment procedures require patients to stay in the hospital for 7 to 14 

days after CAR-T therapy. One expert mentioned that “we ask patients to stay within an 

hour of our treatment center, as do just about all places—within 1 to 2 hours. Patients who 

come from far away have to pick up and move to be close by, at least for 4 to 6 weeks.”

Measurement Gaps

In general, the existing CIBMTR PRO measurement system is well-poised to capture the 

symptoms and functioning of patients after CAR-T therapy, with a measurement approach 

that includes anxiety, cognitive function, depression, fatigue, pain, physical function, sexual 
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function, sleep, social roles and activities, emotional support, and financial impact (Table 2). 

There are additional concepts identified by these interviews that could be measured using 

either existing PROMIS banks (eg, GI symptoms) and/or with PRO-CTCAE items (eg, dry 

mouth, rash). A small number of symptoms were mentioned that could not be measured with 

either PROMIS or PRO-CTCAE (eg, sensitivity to sound).

DISCUSSION

In this large qualitative interview study with patients, their caregivers, and CAR-T experts, 

we explored the patient experience after CAR-T therapy. Patients described the effects 

of CAR-T therapy on their physical, mental, and social health; the financial impact; and 

communication with healthcare providers. Caregivers and experts also described the effects 

of CAR-T therapy on patients, providing similar accounts as those of the patients.

The physical, mental, and social health of patients in our study were impacted after CAR-T 

therapy, with patients experiencing pain, fatigue, GI symptoms, physical limitations, and 

difficulties with cognitive, emotional, and social functioning. Our findings are similar to 

those of Cheng et al. [24], who conducted a focus group with 18 adult patients who were 

further from their CAR-T therapy (6 months to 2.5 years) than our patients (2 weeks 

to 6 months) but nevertheless described impairments in social, emotional, and physical 

functioning following CAR-T therapy, with participation in social roles and activities the 

concept most frequently mentioned in both samples [24]. A qualitative interview study of 10 

patients and 4 caregivers identified 3 themes associated with the CAR-T therapy experience: 

(1) communication with healthcare professionals, (2) social isolation, and (3) wide variation 

in treatment toxicities, with common side effects including fever, fatigue, reduced appetite, 

and memory/cognition problems [25], each of which was a key theme in our study as well.

Because the CIBMTR intends to measure PROs longitudinally before and after CAR-T 

therapy, we intentionally explored the patient experience at varying time points from when 

patients received their CAR-T infusion. Our findings echo those of Whisenant et al. [26], 

who found that recipients of CAR-T therapy experienced numerous physical and emotional 

symptoms as well as interference with social activities and relationships, but that these 

experiences varied depending on time since CAR-T therapy. Fatigue, pain, depression, and 

physical limitations were consistently affected in the months following CAR-T, whereas GI 

symptoms, anxiety, cognitive function, and social roles were more often reported by patients 

further out from treatment (2 to 6 months).

Patients in our study who were 14 days to 2 months from CAR-T therapy did not report 

any recent cognitive function or GI side effects. Previous studies have shown that cognitive 

function and GI side effects typically begin within the first week after receipt of CAR-T 

therapy, with most patients recovering by 1 month post-therapy [27-30]. Because patients in 

this study were invited to participate via email, one possible explanation for the lack of GI 

and cognitive function side effects in the group who was less than 2 months post-CAR-T 

is that patients who had more serious side effects were more unwell and thus less likely to 

respond to our outreach attempts.
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Our study also included caregiver and expert perspectives and found them to be similar to 

patients’ accounts of their experience. Expert perspectives were important for ensuring that 

the planned CIBMTR measurement approach meets the needs of the research community.

As hypothesized, the majority of the symptoms and functioning described by patients, 

caregivers, and experts are measurable by the PROMIS measurement system selected 

by the CIBMTR and already included in its PRO infrastructure. These results provide 

evidence of the content validity of the CIBMTR’s measurement approach in the context of 

CAR-T therapy. We identified few gaps in CIBMTR’s PRO measurement plan. Additional 

concepts that were mentioned by multiple participants that the CIBMTR will consider 

adding to its PRO battery for CAR-T recipients are headache, dizziness, neuropathy, 

diarrhea, and nausea/lack of appetite. All of these could be measured with PROMIS or 

the PRO-CTCAE. Although some have recommended that PRO measures be administered 

before lymphodepletion, at least weekly after CAR-T therapy, monthly until 1 year, and 

yearly thereafter [17]; this frequency of data collection is not currently feasible for the 

large-scale data collection effort at the CIBMTR. The time points for PRO measurement 

for HCT recipients are pretransplantation and 100 days, 180 days, and yearly thereafter 

post-transplantation, coinciding with the time points at which clinical data are collected. 

The CIBMTR added an additional earlier time point for CAR-T recipients at 1 month, as 

initial recovery is quicker after CAR-T therapy than after transplantation. Future adjustments 

to customize the content included at each time point will be considered as PRO data are 

collected and analyzed.

This study has some limitations. Our sample included patients who agreed to be contacted 

by the CIBMTR and were comfortable speaking English, and thus it is not generalizable to 

all patients who receive CAR-T therapy. We aimed to enroll a diverse sample of patients and 

caregivers to represent the population of CAR-T recipients as much as possible, although it 

was more difficult to recruit patients who had received treatment more recently (2 weeks to 

2 months post-therapy) because fewer of these patients responded to our outreach attempts. 

Some of the physical and emotional symptoms reported by patients in our sample might 

have been experienced before CAR-T therapy, because of the patient’s underlying disease or 

previous treatments. We asked questions about symptoms experienced after CAR-T therapy, 

but we purposefully did not ask patients to attribute their symptoms to CAR-T therapy, their 

underlying disease, or anything else, while recognizing that it may be difficult for them to do 

so.

The patient experience after CAR-T therapy is widely variable but marked by difficulties 

with mental and cognitive health, social health, and financial concerns. Physical symptoms 

are also an issue for many patients. Existing patient-reported measurement systems, 

PROMIS in particular, are appropriate for capturing the predominant symptom and function 

domains impacted by CAR-T therapy. These results will inform the CIBMTR strategy for 

PRO measurement and are applicable to other CAR-T studies that aim to represent patient 

experiences using PRO tools. Furthermore, they may help guide consistency in the field 

regarding PRO assessment in the setting of CAR-T therapy.
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Data use statement:

The CIBMTR supports accessibility of research in accordance with the National Institutes of 

Health’s Data Sharing Policy and the National Cancer Institute’s Cancer Moonshot Public 

Access and Data Sharing Policy. The CIBMTR only releases deidentified datasets that 

comply with all relevant global regulations regarding privacy and confidentiality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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