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Abstract

Purpose: Patients undergoing a hematopoietic stem cell transplantation (HCT) have varied 

symptoms during their hospitalization. This study examined whether daily symptom reporting 

(with electronic patient-reported outcomes [PROs]) in an inpatient bone marrow transplant clinic 

reduced symptom burden on post-transplant days +7, +10, and +14.

Methods: A prospective, single-institution1:1 pilot randomized, two-arm study recruited HCT 

patients. HCT inpatients (N=76) reported daily on 16 common symptoms using the PRO version 

of the Common Terminology for Adverse Events (PRO-CTCAE). Fisher’s exact test was used to 

examine differences in the proportion of patients reporting individual symptoms. Multivariable 

linear regression modeling was used to examine group differences in peak symptom burden, while 

controlling for symptom burden at baseline, age, comorbidity, and transplantation type (autologous 

or allogeneic).

Results: HCT patients receiving the PRO intervention also experienced lower peak symptom 

burden (average of 16 symptoms) at days +7, +10, and +14 (10.4 vs 14.5, p =0.03).

Conclusions: Daily use of electronic symptom reporting to nurses in an inpatient bone marrow 

transplant clinic reduced peak symptom burden and improved individual symptoms during the two 

weeks post-transplant. A multi-site site trial is warranted to demonstrate the generalizability, 

efficacy, and value of this intervention.
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Introduction

Hematopoietic stem cell transplantation (HCT) often results in multi-week hospitalizations 

with a focus to cure disease and/or prolong life in patients with hematologic malignancies. 

Short and long-term treatment-related toxicities can lead to significant symptom burden 

during the peri-transplant period1. Toxicities are often a consequence of high-dose 

chemotherapy or radiation received as “conditioning” prior to stem cell infusion, during 

which patients are closely monitored for infection and other complications.2 Prevalent 

symptoms during the peri-transplant period include fatigue3, nausea4, vomiting4, diarrhea5, 

mucositis6, pain7, and sleep disturbance8, among others9. Because symptom burden is high 

and may fluctuate daily, clinical teams may under-recognize symptom burden and miss 

opportunities to better manage symptoms during inpatient stays.

Symptom burden in the early weeks after allogeneic or autologous transplantation is well 

documented and may be associated with long-term complications including persistent QOL 

impairments and treatment-related mortality9. The time to peak symptom burden is similar 

for most patients undergoing either autologous or allogeneic transplantation (typically 7–14 

days post-chemotherapy), but type and intensity of pre-transplant conditioning may affect 
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the severity and distribution of symptoms4. Moreover, little data currently exists about 

clinical and symptom management of hospitalized patients with HCT and there are likely 

missed opportunities to address these symptoms during hospitalization. Thus, there is a need 

to explore common treatment-related symptoms that may contribute to increased medical 

and nursing care of these patients.

In previous HCT research, there is only limited information on the feasibility and value of 

using standardized electronic patient-reported outcomes (PRO) symptom collection with 

automated feedback to the medical team.10–12 Existing literature has focused on graft vs. 

host disease13 and HCT-treatment related complications14 with little attention to symptoms 

and symptom monitoring during hospitalization. In our qualitative work, providers and 

nurses found value in electronic assessment of symptoms during inpatient clinical care and 

reported that communication about symptoms had improved.15 Emerging work highlights 

the value of collecting and using PROs to change clinical care.16–18 Developing an 

intervention to understand symptom burden and symptom reporting better in this population 

is an initial step to improved outcomes.

This pilot randomized trial tested whether daily use of electronic symptom reporting results 

automatically fed back to nurses in an inpatient bone marrow transplant clinic reduced peak 

symptom burden and improved individual symptoms more than usual care at post-transplant 

days +7, +10, and +14. Symptom burden was anticipated to peak between post-

transplantation +7 and +14 4 We defined “peak symptom burden” as the average of the 

available (not missing) symptom burden scores on days +7, +10, and +14. We hypothesized 

that integrating an electronic PRO system within the care delivery of hospitalized HCT 

patients would be associated with improved peri-transplant symptoms in the intervention 

group compared to the usual care group.

Materials and Methods

Study Design and Sample Size

This prospective, single institution 1:1 pilot randomized, two-arm study recruited patients 

between May 2015 and June 2017 (ClinicalTrials.gov identifier: NCT 02574897). Adults 

with any hematological malignancy admitted for preparative chemotherapy for HCT were 

recruited at the North Carolina Cancer Hospital, the primary treatment facility of the 

University of North Carolina Lineberger Comprehensive Cancer Center. Eligible patients 

were adults 18–75 years old, who were within three days of being admitted for scheduled 

inpatient transplant care and had an expected hospital stay of at least two weeks. Participants 

also needed the ability to access and effectively navigate an email account. All study 

participants provided written informed consent. The study protocol was approved by the 

UNC Institutional Review Board.

To determine sample size, we conducted a power analysis. A sum symptom score of 16 for 

the control arm, a score of 10 for the intervention arm, and a common standard deviation of 

10 (based on previous work and the possible score range)19. The original planned sample 

size was 120 (60 per arm), and this led to 77% power to detect a difference in peak symptom 

burden between the intervention and control groups, using a two-sided, two-sample t-test 
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with an alpha of 0.05. However, we re-adjusted the sample size due to limited personnel staff 

to 76 (38 per arm), noticing that the actual standard deviation should be around 9, when we 

accrued 60 patients.

The control group had 76% myeloablative and 24% reduced intensity or non-myeloablative 

conditioning type, whereas the intervention group had 79% myeloablative and 21% reduced 

intensity or non-myeloablative conditioning. Majority of the sample, 78% had myeloablative 

conditioning. The graft versus host disease prophylaxis at this study site was tacrolimus and 

methotrexate.

Study Procedures

Two-hundred and forty-nine patients were screened for participation in the study through 

electronic abstraction. Fifty did not meet study eligibility criteria (Figure 1). An additional 

123 were eligible based on initial screening but not recruited, most often because of study 

personnel limitations (Figure 1). In total, 76 patients were recruited and randomized 1:1 into 

either the PRO or usual care groups, stratified by autologous vs allogeneic transplant, and by 

myeloablative vs reduced intensity conditioning. The HCT inpatients randomly assigned to 

the PRO group (N=38) had their PRO results automatically fed back to nurses on a daily 

basis, whereas their counterparts in the usual care group did not have this feedback 

mechanism after they reported the PRO symptoms.

After providing baseline demographic and patient-reported measures, patients were 

registered within the electronic symptom reporting system to receive PRO surveys daily for 

the PRO group and at days +7, +10, +14 for the standard care group, throughout the study 

period. Screening, enrollment, randomization, and study orientation were conducted by a 

research coordinator who was not a member of the clinical care team.

Patients were instructed to complete a PRO survey by either using a tablet provided by the 

study or on their personal tablet or smartphone. Patients were asked to do this once per day 

until discharge and nurses were asked to remind the patient every 12 hours. For those 

patients randomized to the PRO intervention arm of the study, the nurse would receive an 

email containing the symptom report when patients completed the survey. The nurse was 

then asked to print the report and present it at morning rounds. The report was discussed by 

providers and guided conversations with patients during rounds to help direct symptom 

related supportive care. Patients in the usual care group only completed the PRO assessment; 

they did not receive follow-up and feedback from the nurses or other providers in responding 

to their symptoms. The PRO surveys, email alerts and symptoms reports were generated and 

distributed via the University of North Carolina Patient-Reported Outcomes Core survey 

system.

Study Measures

PRO-CTCAE Survey.—The patient-reported outcome version of the Common 

Terminology for Adverse Events (CTCAE), developed by the National Cancer Institute 

(NCI), is a tool for patients to self-report symptomatic adverse events 19–12. The PRO-

CTCAE item library assesses different attributes (e.g., frequency, severity, interference, 
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presence of condition) of 81 symptoms that are represented in both the CTCAE (version 4) 

and the Medical Dictionary for Regulatory Activities (MedDRA) adverse event lexicons. 

Questions were comprehensively developed and validated in diverse samples of patients 

receiving anti-cancer therapy16.

Previous item response theory analyses for the PRO-CTCAE indicate that individual items 

can be selected to form custom questionnaires,.22 and thus we chose 16 items assessing 

common symptoms after HCT. In hospitalized HCT patients, based on the clinical expertise 

of the research team and literature.1,12,23 These 16 symptoms included shortness of breath, 

pain, vomiting, diarrhea, nausea, mouth/throat sores, constipation, cough, insomnia, 

heartburn, rash, decreased appetite, fatigue, anxiety, and depression.

The PRO-CTCAE recall period was changed from the previous 7 days to a 24-hour recall 

period to match the daily assessment schedule. Each symptom was scored from 0–4, where 

0 means not present and 4 means severe. The aggregate symptom score was defined as the 

“symptom burden” for each day, which is the sum of the severity of each symptom in one 

day. The total score ranged from 0–64, and higher scores indicated greater symptom burden.

Symptom burden was anticipated to peak between post-transplantation +7 and +14.4 We 

defined “peak symptom burden” as the average of the available (not missing) symptom 

burden scores on days +7, +10, and +14.

Hematopoietic Cell Transplantation-Comorbidity Index (HCT-CI).—This is a 

comorbidity index that comprises 17 categories of organ impairment for recipients of 

HCT24. We used this measure to determine their comorbidity index at baseline, for use as a 

control variable in multivariate analyses. The following categories received a score of 1 

point: arrhythmia, cardiovascular, inflammatory bowel disease, diabetes, cerebrovascular 

disease, psychiatric disorder, hepatic comorbidity, obesity, and infection. Rheumatological 

comorbidity, peptic ulcer, renal comorbidity, and pulmonary comorbidity receive a score of 

2. Prior malignancy and heart valve disease received a score of 3. Two comorbidity 

categories (pulmonary and hepatic) had 2 different levels of severity based on laboratory 

data. Scores ranged from 0–3. With higher overall HCT-CI scores comes an increased 

likelihood for more HCT related complications24.

Intervention and Attention Control

Patients assigned to the intervention arm completed the PRO-CTCAE items as a part of the 

baseline/admission visit and daily until discharged. The survey was available to be 

completed from 12noon-10pm. A daily report containing the most recent HCT patient 

reported symptom scores was generated on a study web page. Each morning, an email 

containing a link to the page was sent to the nurse (unblinded) caring for that patient(s) on 

the intervention arm of the study. Nurses used their institutional login to access patient 

symptom reports. These reports showed the most severe symptoms at the top. The nurse 

printed and presented the report at morning rounds and used it to guide conversations with 

patients and help direct plan of care with patients and help direct plan of care. In addition to 
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reporting their symptoms using PRO-CTCAE daily, patients also reported their symptoms to 

the nurse throughout the day.

Patients in the attention control arm completed PRO-CTCAE surveys as a part of the 

baseline/admission visit, and at days +7, +10, and +14 during their hospitalization. These 

survey results were not sent to the study team or BMT medical team of the patient. In 

addition to reporting their symptoms using PRO-CTCAE at days +7, +10, and +14, patients 

also reported their symptoms to the nurse throughout the day.

Statistical Analysis

Baseline patient, disease, and treatment-related variables were reported using descriptive 

statistics (mean, standard deviation, and percentages) for all subjects, and by intervention 

arm. Individual symptom items were on a 0–4 scale, with higher scores indicating greater 

symptom burden. Fisher’s exact test was used to examine differences in the proportion of 

patients reporting individual symptoms. Symptom burden was anticipated to peak between 

transplantation and days +7, +10, and +14, and thus we also calculated “peak symptom 

burden” as the average of 16 symptoms on those days. Multivariable linear regression 

modeling was used to examine group differences in peak symptom burden, while controlling 

for symptom burden at baseline, age, comorbidity, and transplantation type (autologous or 

allogeneic).

Four patients died during the study period and were not included in the analysis due to a lack 

of peak symptom burden data. Missing events were evenly distributed across the two arms, 

and only listwise deletion was employed to deal with missing data in the above analyses.

All tests were two-sided at significance level of 0.05, unless otherwise specified. Statistical 

analyses were performed using SAS 9.4 (SAS Institute, Cary, NC) software.

Results

Participant Sample

Patients included 76 adults (38 intervention and 38 control), with a mean age of 51.2 years 

(SD 13.6, range 19–75). Most (74%) were female, non-Hispanic white (70%), had a college 

or advanced degree (59%), and were married/partnered (69%) (Table 1). Hematopoietic cell 

transplantation-comorbidity index (HCT-CI) scores at baseline ranged from 2–7. The most 

common cancer diagnoses were leukemia, multiple myeloma, and lymphoma. Baseline 

characteristics between arms were similar in age, gender, and comorbidities (Table 1).

Patient-reported symptoms

Unadjusted analysis: Univariate analyses (Wilcoxon tests or Chi-square tests) showed 

that patient characteristics, including age, gender, race, symptom burden, disease status or 

intervention (condition, transplant type) were all evenly distributed between the two arms. 

On day +7, 92% of patients in the intervention group reported fatigue vs. 100% in usual care 

(p=.045). (Table 2). There were no group differences for pain, appetite, diarrhea, and other 

symptoms. On day +10, there was a large difference in the proportion of patients reporting 

vomiting. No patients in the intervention group reported vomiting vs. 36% in usual care 
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(p=.002). There were no group differences on other symptoms. On day +14, there were no 

significant differences in symptoms among the arms. HCTs patients receiving the PRO 

intervention also experienced lower peak symptom burden (average of 16 symptoms) at days 

+7, +10, and +14 (10.4 vs 14.5, p =0.03). (Table 2).

Peak symptom burden at baseline was significantly lower in the intervention group (M=10.4, 

SD = 6.2), compared to the control group (M = 14.5, SD = 7.5), (p=0.03). (Table 3). Figures 

2 illustrate changes over time between the autologous and allogeneic transplantation and 

control and intervention groups for days +7, +10, and +14. Overall, the severity of 

symptoms were greater in the autologous group vs allogeneic HCT across days +7, +10, and 

14, specifically fatigue, pain, vomiting, appetite, and diarrhea. The intervention group had 

lower symptom scores in the above stated symptoms compared to the control group at days 

+7, +10 and 14. Day +7 fatigue and day +10 vomiting were statistically significant (Table 2).

Multivariate analysis: After controlling for possible confounders including age, 

transplant type, conditioning type, HCT-CI, and symptom burden at baseline, the control 

group still had higher (difference = 4.38) average peak symptom burden compared to that of 

the intervention group, but the difference was only marginally significant (p-value = 0.08). 

(Table 3).

Discussion

Little is known about PROs in HCT inpatients, and our study presents an in-depth 

investigation of HCT patients’ symptoms that are typically at their highest peak at days +7, 

+10, and +14 post-transplant. This single site, pilot randomized trial showed that HCT 

inpatients who electronically self-reported their symptoms on a daily basis and received 

feedback from the clinical care team had improved symptom scores compared to the 

attention control group. To date, no other studies have assessed daily self-reporting of 

symptoms of inpatient HCT patients with reports to the medical team. A definitive trial 

using larger sample size from multi-sites is warranted to examine generalizability of 

findings, efficacy and value of the findings.

We focused on peak symptom burden +7, +10 and +14 days post-SCT as a measure of the 

aggregate symptomatic experience because synergies between side effects can worsen the 

overall symptomatic experience;25,26 we focused on peak symptom burden (day +7, +10 and 

+14) as a measure of the aggregate symptomatic experience. For example, vomiting was 

higher in the usual care group at day +10 compared to the intervention group. We have little 

explanation for this significant difference. Routine symptom assessment and feedback from 

providers in response to the symptoms can lead to a better appreciation of peak symptom 

burden in regular practice and may stimulate the development of interventions that can 

reduce symptoms and improve health related QOL. In addition to receiving the HCT, 

patients take medications for GVHD prophylaxis including Tacrolimus and Methotrexate 

which may impact their symptom burden during hospitalization. As oncology nurses are 

integral team members in the management of transplant symptoms, nursing-directed 

interventions are a logical place to start for peri-transplant symptom burden management.
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Our work is similar to that of Wood et al9, who found that it was feasible and acceptable to 

collect electronic PROs routinely on patients during and beyond the HCT period. Bevans et 

al23 found prevalent transplant symptoms of fatigue and decreased appetite in the first 100 

days following an allogeneic HCT. Fatigue was particularly notable in all studies, and this 

has been found in several prior studies to be a persistent and bothersome symptom during 

and post transplantation12,25,26. With this information, early identification and management 

of fatigue in the transplant period may represent an opportunity to reduce long-term fatigue 

in transplant survivors through physical activity interventions and clustering care to conserve 

their energy. survivors through physical activity interventions and clustering care to conserve 

their energy.

Lastly, our findings support ongoing efforts to implement routine symptom monitoring into 

the care of all oncology patients. Basch et al17 demonstrated that routine electronic symptom 

reporting and intervention in patients receiving outpatient care for advanced solid tumors 

was associated with decreased health care utilization, improved QOL, and prolonged 

survival. Nipp et al18 also found that hospitalized patients with cancer were able to complete 

the symptom assessments. Adults receiving inpatient care for HCT have different trajectories 

of symptom burden than those in outpatient care (e.g., receiving chemotherapy for solid 

tumors). Similarly, trial endpoints for inpatient care (transplant) need to be carefully 

considered. Basch et al16,17 found decreased emergency room use among outpatient cancer 

patients, but this endpoint is not applicable to inpatient settings. Trial endpoints for inpatient 

oncology care would likely include survival, symptom trajectories, function, quality of life, 

and days hospitalized. Other measures of acuity care include transfer to the medical 

intensive care unit (MICU) and use of rapid response teams but me useful endpoints if the 

sample was larger. HCT trials would also need to continue to assess these trial endpoints in 

the early post-transplant period. Currently, daily symptom reporting is not standard of care 

in the U.S. and warrants further research before it becomes a routine component of inpatient 

care.

While this study is unique in its innovative acquisition and use of electronic patient reported 

symptoms in the inpatient setting, it has a few limitations. First, it was undertaken at a single 

comprehensive cancer center, thereby limiting its generalizability Second, we had 30% 

missing data from electronic symptom reporting and this may be due to high symptom 

burden. While the omissions were evenly distributed between the two arms, this is a 

significant logistical challenge that should be addressed before undertaking a larger study. 

Third, gender was evenly distributed between arms, but men were significantly 

underrepresented. One plausible explanation is that an NCI funded exercise study was being 

undertaken concurrently with this trial in an overlapping patient population. That study 

competed with this one and since more males engaged in the exercise study, a higher number 

of female HSCT recipients were available to participate in this trial. Fourth, although 

relevant symptoms were identified through expert opinion and extant literature, the 

aggregate PRO-CTCAE symptom score used in this study has not been specifically 

validated. not been specifically validated.

In conclusion, our findings suggest that routine daily electronic symptom monitoring and 

intervention in patients hospitalized for HCT may lead to reductions in peak symptom 
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burden and improve individual symptoms during inpatient hospitalization. A multi-site trial 

is warranted to examine the generalizability and overall value of this intervention during 

inpatient hospitalization. Further studies are also needed to examine daily PRO monitoring 

(or daily patient reported symptoms) during the post-transplant period. If this approach 

proves successful, integration of symptom reporting within the electronic health record 

could support dissemination of this approach throughout the practice of HCT
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Figure 1. 
Screening process in choosing eligible patients
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Figure 2. 
Peak Symptom Burden Groups

Upper left: Mean symptom severities at days 7 (n=40), 10 (n=25), and 14 (n=20) of patients 

under ‘Autologous’ transplant.

Upper right: Mean symptom severities at days 7 (n=23), 10 (n=17), and 14 (n=19) of 

patients under ‘Allogenic’ (right) transplant.

Lower left: Mean symptom severities at days 7 (n=28), 10 (n=14), and 14 (n=15) of patients 

under ‘Control’ (no feedback).

Lower right: Mean symptom severities at days 7 (n=35), 10 (n=28), and 14 (n=24) of 

patients under ‘Intervention’ (with feedback)
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Table 1.

Demographic Characteristics Clinical Characteristics

Control (N=38) Intervention (N=38) All

Age (years) mean(SD) 51.1(13.7) 51.3 (13.6) 51.2 (13.6)

Gender

 Male n(%) 12 (31.6) 8 (21.1) 20 (26.3)

 Female n(%) 26 (68.4) 30 (78.9) 56 (73.7)

Race

 White n(%) 29 (78.0) 28 (76.0) 57 (77.0)

 African American n(%) 8 (22.0) 6 (16.0) 14 (18.9)

 Pacific Islander n(%) 0 (0.0) 1 (3.0) 1 (14)

 Other n(%) 0 (0.0) 2 (5.0) 2 (2.7)

Ethnicity

 Hispanic or Latino n(%) 1 (2.6) 2 (5.4) 3 (4.0)

 Non-Hispanic n(%) 37 (97.4) 35 (94.6) 72 (96.0)

Education, n=54

Missing 13 ( 34.2) 7 ( 18.9) 20 ( 26.7)

 High school graduate/GED n(%) 12 ( 31.6) 10 (27.0) 22 ( 29.3)

 College Degree n(%) 8 ( 21.1) 12 ( 32.4) 20 ( 26.7)

 Advanced Degree n(%) 5 (13.2) 8 ( 21.6) 13 ( 17.3)

Household Income, n=64

Missing 12 ( 31.6) 7 ( 18.9) 19 ( 25.3)

 <20,000 n(%) 2 ( 5.3) 2 ( 5.4) 4 ( 5.3)

 20,001–40,000 n(%) 0 ( 0.0) 7 ( 18.9) 7 ( 9.3)

 40,001–60,000 8 ( 21.1) 4 ( 10.8) 12 ( 16.0)

 60,001–80,000 n(%) 0 ( 0.0) 1 ( 2.7) 1 ( 13)

 80,001–100,000 n(%) 3 ( 7.9) 6 ( 16.2) 9 ( 12.0)

 >100,000 n(%) 7 ( 18.4) 6 ( 16.2) 13 ( 17.3)

Prefer Not to Say n(%) 6 ( 15.8) 4 ( 10.8) 10 ( 13.3)

Marital Status

 Single/Never married n(%) 5 (13.2) 5 ( 13.5) 10 ( 13.3)

 Married/Partnered n(%) 26 ( 68.4) 26 ( 70.3) 52 ( 69.3)

 Separated/Divorced n(%) 6 ( 15.8) 6 ( 16.2) 12 ( 16.0)

 Widowed n(%) 1 ( 2.6) 0 ( 0.0) 1 ( 13)

Type of Transplant

 Autologous n(%) 22 ( 57.9) 23 ( 60.5) 45 ( 59.2)

 Allogeneic n(%) 16 ( 42.1) 15 ( 39.5) 31 ( 40.8)

Height (cm) 172.0 (9.3) 176.1 (8.7) 174.1 (9.1)

Weight (kg) 96.8 (24.3) 89.7 (23.0) 93.0 (22.7)

Body Mass Index 32.7 (7.8) 28.8 (6.2) 30.7 (7.3)
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Control (N=38) Intervention (N=38) All

Length of Stay (days) 21.7 (15.0) 21. 7 (8.1) 21.7 (11.9)
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Table 2.

Commonly Reported Symptoms (Proportions in intervention vs control), days +7, +10, and +14

Symptoms Day 7 Day 10 Day 14

Usual
Care

PROs p-value Usual
Care

PROs p-value Usual
Care

PROs p-value

Fatigue 100% 92% 0.045 100% 79% 0.103 93% 83% 0.540

Pain 75% 57% 0.518 86% 61% 0.216 53% 54% 0.311

Vomiting 36% 26% 0.704 36% 0% 0.002 33% 13% 0.306

Appetite 93% 83% 0.687 93% 79% 0.439 87% 79% 0.338

Diarrhea 86% 77% 0.421 57% 64% 0.500 67% 63% 0.738

Note: P-values are based on Fisher’s exact test with symptoms being categorical outcomes.
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Table 3.

Linear mixed effects model analysis of Symptom Burden Over Time

Parameter Estimate Standard
Error

t Value Pr > |t|

Peak Symptom Burden (intervention) 10.4 - - -

Peak Symptom Burden (control ) 14.5 - - -

Intercept −2.15 6.46 −0.33 0.74

Control (Intervention as ref) 4.69 2.19 2.14 0.04

Baseline Burden 0.54 0.18 3.00 0.006

Age 0.01 0.12 0.09 0.93

Autologous 0.62 2.30 0.27 0.79

(Allogeneic as reference)

Myeloablative 2.15 3.48 0.62 0.54

(Reduced Intensity Conditioning 2 as reference)

Comorbidites (HCT-CI) 1.82 1.25 1.45 0.16

Days 0.31 1.15 0.27 0.79
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