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Abstract

Background: Cancer-related fatigue is a significant problem and is associated with poor quality 

of life. Behavioral interventions include exercise and cognitive-behavioral therapy, which 

survivors may be unwilling or unable to adopt. Pharmacologic interventions (e.g., selective 

serotonin reuptake inhibitors) have been disappointing. One potential therapy is the antidepressant 

bupropion, a norepinephrine-dopamine reuptake inhibitor that targets both inflammation and the 

hypothalamic-pituitary-adrenal axis. The current study is intended to provide a rigorous test of the 

efficacy and tolerability of bupropion for cancer-related fatigue.

Methods: A randomized, double-blind, placebo-controlled trial will examine the effects of 

bupropion on cancer-related fatigue. The trial will be conducted nationwide through the University 

of Rochester Medical Center (URMC) National Cancer Institute Community Oncology Research 

Program (NCORP). Disease-free breast cancer survivors (n=422) who completed chemotherapy 

and/or radiotherapy 12–60 months previously and report significant fatigue will be randomized 1:1 

to receive bupropion (300 mg/day) or placebo. Outcomes will be assessed at baseline and the 12-

week follow-up. The primary outcome, fatigue, will be measured with the Functional Assessment 

of Chronic Illness Therapy – Fatigue (FACIT-F). Secondary outcomes include quality of life, 

depression, and drug tolerability. Exploratory outcomes include cognition and symptomatology. 

Potential biological mechanisms and genetic moderators of cancer-related fatigue will also be 

explored.

Discussion: This study is the first placebo-controlled trial to our knowledge to evaluate 

bupropion for cancer-related fatigue. Positive results could revolutionize the treatment of cancer-
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related fatigue, as bupropion is safe, inexpensive, widely-available, and may be more tolerable and 

acceptable for many patients than current, limited treatment options.

Keywords

fatigue; bupropion; breast cancer; randomized controlled trial; protocol

1. Background

Fatigue is one of the most prevalent and distressing symptoms experienced by cancer 

patients.1–4 By recent estimates, moderate to severe fatigue (i.e., ≥4 on a 0–10 scale) occurs 

in up to 60% of cancer patients during treatment and in nearly 30% following treatment 

completion.2,5 Similar rates of fatigue have been reported in breast cancer patients,2,6 in 

whom fatigue has been studied most extensively. Longitudinal studies of breast cancer 

patients suggest fatigue often persists long after treatment completion; late-onset fatigue can 

also occur.7–10 Unlike normal fatigue, cancer-related fatigue tends to be more severe, 

distressing, and unlikely to be relieved by rest.11 Patients have described it as “devastating,” 

“never-ending,” and “totally consuming.”12,13 Fatigue is associated with worse quality of 

life and reduced likelihood of returning to work following cancer treatment.14–17 Effective 

treatment of cancer-related fatigue is a high priority.18,19

Treatment options for fatigued cancer patients are limited. Although exercise has been 

shown to reduce cancer-related fatigue,20,21 many patients are unwilling or unable to 

exercise consistently.22,23 Psychosocial interventions demonstrate benefit,24–27 although 

they tend to be time-intensive, limiting uptake, compliance, maintenance, and 

disseminability. Pharmacologic interventions such as paroxetine, sertraline, modafinil, and 

armodafinil have produced no benefit for cancer-related fatigue in randomized trials.28–33 

Evidence is mixed regarding the effects of methylphenidate34–37 and uptake has been 

limited, perhaps because methylphenidate can be habit-forming and is associated with side 

effects including agitation.38 Additional treatment options for cancer-related fatigue are 

clearly needed.

One potential therapy is bupropion, which is widely available as a generic and has a long 

history of safety. Since 1999, there have been repeated calls for investigation of bupropion as 

a treatment for cancer-related fatigue.19,39,40 Nevertheless, only two small, single-arm, 

open-label studies have been conducted to date.41,42 These pilot studies have demonstrated 

promising results. In 2004, Cullum and colleagues41 reported improvements in fatigue in 13 

of 15 cancer patients who were experiencing fatigue or depression with marked fatigue. In 

2006, Moss and colleagues42 reported significantly reduced fatigue in 21 cancer patients 

with fatigue with or without depression over four weeks of treatment with bupropion. These 

data are consistent with trials of bupropion for major depressive disorder (MDD).43 

Specifically, an analysis of six randomized, double-blind clinical trials comparing bupropion 

to an SSRI in individuals with MDD indicated that bupropion was superior to the SSRIs and 

placebo in reducing fatigue and hypersomnia.43 Moreover, bupropion has an excellent safety 

profile.44,45
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Bupropion has diverse actions that target pathways associated with cancer-related fatigue. 

One pathway is inflammation. Bupropion suppresses production of tumor necrosis factor 

(TNF),46,47 a potent mediator of inflammation through activation of nuclear factor-κB (NF-

κB), which in turn induces a wide variety of pro-inflammatory cytokines, chemokines, and 

receptors.48 A large body of literature, much of it in breast cancer, has demonstrated 

associations between cancer-related fatigue and increased circulating markers of 

inflammation including TNF, interleukin-1β (IL-1β), interleukin-6 (IL-6), C-reactive protein 

(CRP), and their receptors.49–57 Cancer-related fatigue is also associated with increased 

expression of NF-κB. Thus, bupropion may reduce cancer-related fatigue by dampening 

pro-inflammatory activity.58

A second pathway is the hypothalamic-pituitary-adrenal (HPA) axis. Bupropion increases 

synaptic availability of norepinephrine (noradrenaline) in the locus coeruleus, an area of the 

brain that activates the HPA axis.59,60 Norepinephrine is involved in the “fight or flight” 

response to stress, increasing alertness and arousal.61 Additionally, norepinephrine afferents 

from the locus coeruleus stimulate release of corticotropin-releasing factor (CRF) from the 

hypothalamus, inducing adrenocorticotropic hormone (ACTH) release from the anterior 

pituitary and in turn cortisol release from the adrenal glands. One of cortisol’s many 

functions is to promote alertness.62 The HPA axis may impact fatigue directly and indirectly 

through its effects on inflammation. Specifically, in combination with glucocorticoid 

receptor, cortisol blocks the transcriptional activity of NF-κB,63 suppressing the cascade of 

pro-inflammatory cytokines described above. Breast cancer patients with fatigue 

demonstrate dysregulated HPA axis functioning through flattened diurnal cortisol slopes 

(i.e., low in the morning, high in the evening).64–66 Two small randomized placebo-

controlled trials have examined the effects of bupropion on cortisol levels.67,68 One study 

conducted in healthy male athletes reported significant increases in circulating cortisol six 

hours after morning bupropion administration,67 around the time peak plasma concentrations 

of bupropion occur.69 Another study conducted in individuals with depression reported no 

differences in evening urinary cortisol 16 hours after morning bupropion administration.68 

These data suggest that morning administration of bupropion may elevate cortisol (and in 

turn, alertness) early in the day without affecting evening cortisol. Collectively, these studies 

provide support for a definitive randomized trial of bupropion for cancer-related fatigue.

The current study will determine the efficacy of bupropion versus placebo in reducing 

fatigue in a double-blinded, placebo-controlled, randomized clinical trial of breast cancer 

survivors with fatigue. Secondary aims are to assess the tolerability of bupropion and the 

efficacy of bupropion versus placebo on quality of life and depression. Exploratory aims are 

to: 1) assess the efficacy of bupropion versus placebo on symptomatology and cognition, 2) 

explore the effects of bupropion on putative mechanisms of cancer-related fatigue, and 3) 

explore associations of CYP2B6 genotype with bupropion metabolism and changes in 

fatigue.
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2. Study Procedures

2.1. Study Population

2.1.1. Recruitment—Inclusion and exclusion criteria are presented in Table 1. Patients 

(target N = 422) who report moderate to severe cancer-related fatigue in the past week (i.e., 

score ≥ 4 on the Fatigue Symptom Inventory)70 will be recruited through the University of 

Rochester Cancer Center (URCC) National Cancer Institute Community Oncology Research 

Program (NCORP). This program has extensive experience conducting multisite 

intervention studies,28,32,71,72 provides ready access to up to 20 sites with demographically-

diverse breast cancer patients, and offers an important opportunity to evaluate the efficacy of 

bupropion in a community oncology (“real world”) setting. Eligibility will be confirmed 

with the treating oncologist to rule out other medical conditions in which fatigue is a 

prominent symptom (e.g., anemia, autoimmune disease, chronic fatigue syndrome) and 

contraindications to receiving bupropion.

Patients who meet all eligibility criteria will be provided with a copy of the IRB-approved 

informed consent to review. If the patient decides to participate in the study, she will be 

asked to sign and date the informed consent document. All consented participants will be 

provided with a photocopy of the signed consent form.

2.1.2 Randomization and Stratification—Randomization will occur at the time of 

registration. A computer-generated randomization schedule will be used to randomize 

participants 1:1 to the two intervention conditions (bupropion XL or placebo) stratified by 

study site, previous receipt of chemotherapy, and current receipt of hormonal therapy with a 

random (50/50) block of 4 or 8. The schedule will be prepared by a URCC NCORP 

Research Base biostatistician.

2.2. Baseline Assessment

Eligible patients who provide informed consent will complete a study blood draw and a 

packet of self-report questionnaires in an outpatient clinic area under the supervision of a 

research associate. Participants will be randomized as described above. Participants will then 

be provided with study drug before the end of the baseline study visit. Saliva collection 

supplies, instructions, and a diary will be provided at the study visit for the participant to 

complete at home. A postage-paid mailer to return the samples and diary to the study site 

will also be provided. Alternately, participants can pick up the study drug and/or drop off 

saliva samples in person at a later date within the same week. Treatment notes will be 

collected at baseline for all consented participants.

2.3. Baseline Saliva Collection

Starting the day after the baseline study visit, participants will be asked to collect saliva 

three times per day for three days: upon awakening, between 4:00–6:30 pm, and at bedtime. 

Participants will be provided with instructions as well as a saliva collection diary/health 

behavior questionnaire that they will complete daily. Participants will receive text, phone, or 

email reminders for timely saliva collection. Texting will be the preferred method of 
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reminders for saliva collection as the timing of collection is important. Saliva samples will 

be used for analysis of salivary cortisol to assess the effects of bupropion on the HPA axis.

2.4. Baseline Blood Collection

Blood will be collected at baseline for analysis of serum cytokines, leukocyte gene 

expression, and CYP2B6*6 and *18 alleles. Up to 33 ml of blood will be drawn. Participants 

will be asked to complete a questionnaire asking about exercise, alcohol consumption, 

caffeine use, medication use (i.e., NSAID, steroid, opioid, beta-blocker) for the 24 hours 

prior to blood draws.

2.5. Study Agent

The URMC Investigational Drug Service will prepare encapsulated study drug to maintain 

blinding. Specifically, the active treatment group will receive capsules containing a 

bupropion XL 150 mg tablet and an inert substance (i.e., lactose); the placebo group will 

receive identical-looking capsules containing lactose only. Participants will be instructed to 

take one capsule every morning during week 1 (i.e., 150 mg in the bupropion group) and two 

capsules every morning during weeks 2–12 (i.e., 300 mg in the bupropion group). Bupropion 

XL is prescribed in dosages of 150 mg, 300 mg, or 450mg. A target dose of 300 mg was 

selected to balance tolerability with therapeutic efficacy across CYP2B6 genotypes.73 A 

duration of twelve weeks was selected based on a pooled analysis of studies of bupropion for 

MDD documenting improvements in fatigue that were still ongoing at the end of most 

studies at eight weeks.43 Participants will not take the study drug the morning of their week 

12 follow-up study visit. They will take their regularly scheduled study dose after their Week 

12 study visit. They will be instructed to take one capsule every morning in week 13 (i.e., 

150 mg in the bupropion group) and discontinue study drug in week 14. If they wish to 

receive bupropion after study completion they will be referred to their oncologist or primary 

care provider.

2.6. Follow-Up Study Visit

Participants will be scheduled for a follow-up study visit during week 12 in which they will 

complete a blood draw and self-report questionnaires. One week prior to their scheduled 

visit, participants will be mailed saliva collection supplies and asked to return the collected 

samples at the study visit. Saliva collection procedures will occur as described above. 

Participants will not take the study drug the morning of their week 12 study visit, so that the 

blood draw can occur at least 24 hours after their most recent dose. They will take their 

regular study dose after their Week 12 study visit. Up to 33 ml of blood will be drawn at the 

12 week follow-up assessment for analysis of serum cytokines, bupropion metabolites, and 

leukocyte gene expression. Participants will be asked to bring their pill bottle to the follow-

up study visit and a pill count will be conducted. The coordinator will leave the participants 

with enough study capsules to complete the study and will collect the extra capsules. 

Collection of follow-up data will be attempted from all participants who are randomized, 

including those who discontinued study medication early. Adverse events will be assessed 

by phone in weeks 4, 8, and 14. At each participant visit and phone calls, the site study staff 

will assess adverse events by recording all voluntary reports of the participant.
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For participants who wish to withdraw during the course of the study, they will begin 

tapering the study drug for one week. Participants may not resume bupropion during the 

study after stopping it. All efforts will be made to collect follow-up data, including the self-

report questionnaire, blood, saliva, and remaining study drug.

2.7. Study Measures

2.7.1. Demographic and Clinical Information—Demographic information will be 

obtained from all participants through the use of a standardized self-report questionnaire. 

Variables to be assessed include date of questionnaire completion, date of birth, race, 

ethnicity, marital status, living arrangement, education, current work status, occupation, 

spouse/partner’s occupation, and patient and household income. Participants will also be 

asked to list all non-prescription medications, vitamins and supplements, alcohol use, and 

history of tobacco use. Menopausal status will be assessed by items from the Menopausal 

Status Questionnaire.74 The following clinical variables will be assessed via medical record 

review for all participants: date of breast cancer diagnosis, disease stage, hormone receptor 

status, surgical treatment (dates and type), chemotherapy (agents, doses, start and stop dates, 

and number of infusions), radiotherapy (start and stop dates, number of treatments, and 

dose), hormonal therapy (previous/current/none, start and stop dates, agent), height (inches), 

and weight (pounds). Comorbidities will be abstracted from the medical record using the 

Charlson Comorbidity Index.75

2.7.2. Primary Outcome—The primary study outcome is fatigue as measured by the 

Fatigue subscale of the Functional Assessment of Chronic Illness Therapy – Fatigue 

(FACIT-F).76 The Fatigue subscale consists of 13 items asking about fatigue in the past 

seven days. Items are scored on a five-point scale (0=not at all, 4=very much). Negatively-

worded items are recoded and items are summed to produce a score ranging from 0–52 with 

lower scores indicating greater fatigue. The FACIT-F has extensive reliability and validity 

data in cancer patients.77,78 The FACIT-F demonstrates sensitivity to change in previous 

intervention studies to reduce fatigue in cancer patients.71,79,80 While change in fatigue 

(continuous variable) is the primary outcome we will also assess the clinically-important 

difference in fatigue (i.e., difference of 3 points on the Fatigue subscale; dichotomous 

measure).77

2.7.3. Secondary Outcomes—Secondary outcomes include quality of life, depression, 

and tolerability. Quality of life will be measured by the Total Score of the Functional 

Assessment Cancer Therapy – General (FACT-G) scale, which is included in the FACIT-F.81 

The FACT-G consists of four subscales: physical well-being (PWB), functional well-being 

(FWB), emotional well-being (EWB), and social well-being (SWB). Scores on the four 

subscales are summed to produce a total score ranging from 0 to 108 with higher scores 

indicating better quality of life. The FACT-G has extensive reliability and validity data and 

demonstrates sensitivity to change in cancer patients.71,77

Depression during the previous 7 days will be assessed using the eight-item PROMIS 

Depression Short Form 8a.82 Items are evaluated on a five-point Likert scale (1=never, 

5=always) and responses are summed to produce a total score ranging from 8 to 40 with 
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higher scores indicating greater depression.83 T scores standardized to the US general 

population can also be calculated.83 The PROMIS Depression 8a has previously been used 

to measure depression in cancer patients and found to be sensitive to change in this 

population.84–86 The PROMIS Depression 8a was selected because it does not include items 

overlapping with fatigue, unlike many other measures of depression.87–89

Drug tolerability and adherence will be measured by pill count, incidence of CTCAE grade 

2 or above toxicity, early medication discontinuation, and self-reported insomnia. Insomnia 

will be assessed using the Insomnia Severity Index (ISI)90 which consists of seven items 

assessing difficulty falling and staying asleep over the past week. Items are evaluated on a 

five-point Likert scale. Responses are summed to produce a total score ranging from 0–28 

with higher scores indicating greater insomnia. A cutoff of 8 is used to indicate clinically-

significant insomnia in cancer patients.91 The ISI is recommended for use in cancer patients 

and found to be sensitive to change.72,92

2.7.4. Exploratory Outcomes

Cognition:  Because cancer-related fatigue is often associated with self-reported cognition,
93,94 self-reported cognition will be assessed as an exploratory outcome using the PROMIS 

Cognitive Functioning 8a and Cognitive Abilities 4a measures.95 Both measures assess 

cognition over the past seven days. Functioning in mental acuity, concentration, verbal and 

nonverbal memory, verbal fluency, and perceived changes are assessed. The extent to which 

cognitive impairment interferes with daily functioning, whether other people observe 

cognitive impairment, and the impact of cognitive impairment on quality of life are also 

assessed. The PROMIS Cognitive Functioning 8a is an eight-item measure that assesses 

perceived deficits with regard to cognitive tasks. Items are evaluated on a five-point Likert 

scale (1=very often, 5=never) and responses are summed to produce a total score ranging 

from 8 to 40 with higher scores indicating better functioning. The PROMIS Cognitive 

Abilities 4a is a four-item measure that assesses perceived functional abilities with regard to 

cognitive tasks. Items are evaluated on a five-point Likert scale (1=not at all, 5=very much) 

and responses are summed to produce a total score ranging from 5 to 20 with higher scores 

indicating better functioning.

Symptom Inventory:  Patient-reported symptoms of cancer and its treatment will be 

assessed as an exploratory outcome using the M.D. Anderson Symptom Inventory (MDASI).
96 This measure consists of a series of 11-point Likert scales in which the severity of each 

symptom is indicated by filling in the appropriate circle on an 11-point scale, anchored by 

“0” = “Not Present” and “10” = “As Bad As You Can Imagine.” It will serve as a concurrent 

self-report measure of symptoms. Four symptom interference items assess the impact of 

symptoms on activities of daily living, general physical activity, exercise, and quality of life.

Salivary Cortisol and Inflammatory Biomarkers:  Salivary cortisol and circulating 

markers of inflammation will be evaluated as putative mechanisms of cancer-related fatigue. 

Assays of circulating markers of inflammation will be conducted on all serum samples; 

baseline and follow-up samples on a given individual will be assayed together on the same 

assay plate. Cytokine levels (e.g., IL-1β, IL-6, TNFα) will be determined by a high 
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sensitivity multiplex assay according to the manufacturer’s protocol. Additional cytokines 

(e.g., CRP) may be determined by a high sensitivity enzyme-linked immunosorbent assay 

(ELISA). All samples will be assayed in duplicate, and inter- and intra-assay variability will 

be monitored by inclusion of an internal laboratory quality control sample on all assay 

plates.

Plasma samples collected at the follow-up assessment from all participants will be analyzed 

for bupropion and metabolites (i.e., 4-hydroxybupropion, threohydrobupropion, erythro-

hydrobupropion). Analyses will be conducted using a novel, sensitive, and precise chiral 

liquid chromatography–tandem mass spectrometry (LC-MS/MS) method to separate and 

quantify bupropion enantiomers and diastereomers of 4-hydroxybupropion as well as threo- 

and erythro-hydrobupropion.97,98 Although our focus in this project will be the major 

metabolites of bupropion, as they are pharmacologically active, this method will be 

implemented if quantification of glucuronides are deemed important.

SNP Analysis:  DNA will be extracted from whole blood samples. Only active treatment 

samples will be analyzed. The CYP2B6*6 allele is characterized by the presence of two 

nonsynonymous single nucleotide polymorphisms (SNPs), 516G>T in exon 4 (rs3745274) 

and 785A>G in exon 5 (rs2279343). The CYP2B6*18 is characterized by the 983T>C SNP 

(rs28399499). DNA will be extracted from whole blood. Extracted DNA will be genotyped 

by laboratory-developed multiplex PCR-based assays followed by single base primer 

extension for variant detection by mass spectrometry.

Gene Expression Analysis:  RNA will be extracted from PaxGene tubes collected at 

baseline and follow up. RNA will be assayed following the manufacturer’s standard 

protocol, and analyzed using linear model analysis of quintile normalized log2-transformed 

gene expression values and subsequent Transcription Element Listening System (TELiS) 

bioinformatics analysis of genes showing > 1.2-fold differential expression.99 

Bioinformatics analyses will test the hypothesis that bupropion as measured by group 

assignment and bupropion metabolites reduce activity of the pro-inflammatory NF-κB 

signaling pathways.

2.7.5. Potential Covariates—Patient-reported physical activity will be assessed as a 

potential covariate using the International Physical Activity Questionnaire (IPAQ).100 The 

IPAQ consists of seven questions asking participants to estimate how much time over the 

previous seven days they engaged in vigorous activity, moderate activity, walking, and 

sitting. The IPAQ has been shown to be a valid measure of physical activity in cancer 

patients.101

3. Statistical Considerations

3.1. Sample Size Justification

The primary outcome will be the FACIT-F Fatigue subscale. Based on sedentary breast 

cancer survivors, the standard deviation is assumed to be 10.79 The minimal clinically 

important difference is assumed to be 3 points,77 which corresponds to an effect size of 0.3 

(standardized mean difference). We will use ANCOVA and assume a conservative pre-post 
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correlation of 0.5. At 90% power and a 0.05 significance level, we will need 176 subjects per 

group.102 Including 20% attrition, this gives 211 subjects per group, or 422 subjects total.

3.2. Analytic Plan

3.2.1. Preliminary Analyses—Before conducting the analyses described below, 

outcome variable distributions will be assessed using histograms and density estimates to 

determine if variance stabilizing or normalizing transformations should be applied, or the 

analyses should be done with nonparametric or robust methods. Participants who complete 

the study will be compared to those who do not to identify predictors of attrition. Study arms 

will be compared on baseline demographic (e.g., age), clinical (e.g., time since treatment, 

history of radiation), and behavioral (e.g., physical activity, alcohol consumption, caffeine 

use) variables.

3.2.2. Primary Aim—This objective is to determine the efficacy of bupropion versus 

placebo in reducing fatigue as measured by the FACIT-F Fatigue subscale at 12 weeks. We 

will use ANCOVA with group as the main factor and baseline fatigue as a covariate. Study 

site will be included as a random effect independent of residual error. This initial linear 

mixed model (LMM) will be fit using Restricted Maximum Likelihood (REML) estimation. 

The significance of the variance due to study site will be tested using a 95% profile 

likelihood confidence interval. If this variance is statistically significant, we will include site 

in the final model and also investigate the individual study sites by calculating the Empirical 

Best Linear Unbiased Predictions of each site.103 An F test will be used to test whether the 

group difference in mean change is significantly different than zero. The mean between arm 

difference including 95% confidence intervals via marginal means. We will also examine the 

effect of clinically relevant covariates (e.g., smoking status, current receipt of hormonal 

therapy, time since treatment, etc.) on the results. Model’s linearity assumption will be 

evaluated based on normality of the model’s residuals. In case of the major deviation from 

the linearity, we will also conduct sensitivity analysis using either transformation 

semiparametric or parametric modeling. In addition to viewing fatigue as a continuous 

measure, we will examine a dichotomized version of the fatigue based on the MCID of 3 

points specified by the measure developer.77 This outcome will be evaluated using a 

generalized linear mixed model (GLMM) with a logit link function to determine whether 

rates of clinically meaningful improvement differ as a function of group assignment.

3.2.3. Secondary Aims

Secondary Aim 1.: The objective is to assess the efficacy of bupropion versus placebo in 

improving depression (measured by PROMIS Depression Short Form) and quality of life 

(measured by FACT-G) at 12 weeks (Secondary Aim 1a), and to evaluate whether the 

beneficial effects of bupropion on fatigue will be independent of its effects on depression 

(Secondary Aim 1b). Secondary Aim 1a will be performed using the same analytic approach 

described for the Primary Aim. Secondary Aim 1b will be performed using a mediation 

model (see Figure 1). MPlus104 will be utilized to estimate the indirect (mediation) and 

direct effects and to obtain bootstrap-based 95% confidence intervals for these effects.
105–108

Jim et al. Page 9

Contemp Clin Trials. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Secondary Aim 2.: This objective is to assess the tolerability of bupropion in breast cancer 

survivors with fatigue. We hypothesize that adherence as measured by pill count, incidence 

of CTCAE grade 2 or above toxicity, self-reported insomnia, and early discontinuation will 

be similar between the bupropion and placebo groups. These variables will be evaluated as 

separate analyses using the same analytic approach as the primary analysis. For insomnia, 

the model will assume a Gaussian response. The same analysis will be used for pill count, 

but a log transformation may be required. For toxicity, we will assume a Bernoulli 

distribution and a logit link. LMMs will be used for insomnia and pill count. GLMMs will 

be used for toxicity and early discontinuation.

3.2.4. Exploratory Aims

Exploratory Aim 1:  The objective is to assess the efficacy of bupropion versus placebo in 

improving cognition (measured by PROMIS Cognitive Functioning 8a and Cognitive 

Abilities 4a) and symptomatology (measured by the MDASI) at 12 weeks (Exploratory Aim 

1a). The analysis for Exploratory Aim 1a will be performed using the same analytic 

approach described for the Primary Aim. Because this aim is exploratory, results of the 

analysis will be considered hypothesis generating, subject to verification in independent 

studies.

Exploratory Aim 2:  The objective is to explore the effects of bupropion on putative 

mechanisms of cancer-related fatigue. It is hypothesized that the relationship between group 

assignment and reductions in fatigue will be mediated by cytokines (e.g., IL-1B, IL-6, TNF-

A, CRP) and cortisol slope (Exploratory Aim 2a). It is further hypothesized that the 

relationship between bupropion metabolites (e.g., bupropion, 4-hydroxybupropion, threo-

hydrobupropion, erythro-hydrobupropion) and fatigue within the bupropion arm will be 

mediated by cytokines and cortisol slope (Exploratory Aim 2b). To assess these aims, we 

will perform mediation analyses following the conceptual framework as shown in Figure 2. 

We will use same estimation approach as in Secondary Aim 1b. Because of the number of 

hypotheses tested for this aim, we will adjust for multiplicity using the false discovery rate 

(FDR) procedure of Benjamini and Hochberg with target rate of 0.10.109 Because this aim is 

exploratory, results of the analysis will be considered hypothesis generating, subject to 

verification in independent studies.

Exploratory Aim 3:  It is hypothesized that major metabolites of bupropion (i.e., 4-

hydroxybupropion, threohydrobupropion, erythro-hydrobupropion) and improvements in 

fatigue will be greater in patients with no copies of CYP2B6*6 and *18 (i.e., normal 

metabolizers) compared to patients with one or two copies of *6 and/or *18 (i.e., reduced 

metabolizers). Analyses will focus on the bupropion arm only. The SNPs that compose 

CYP2B6*6, rs3745274 and rs2279343, and *18 (rs28399499) will be tested for Hardy-

Weinberg equilibrium. We will use ANCOVA (with the same structure as the Primary Aim) 

with normal vs. reduced metabolizers as the group and baseline fatigue as the covariate. 

Differences in bupropion metabolites and toxicity between normal vs. reduced metabolizers 

will be evaluated. Relatively few drugs inhibit or induce CYP2B6,110 but we will collect 

data regarding other medications taken by participants and include them as control variables 
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if they are CYP2B6 inhibitors or inducers (i.e., clopidogrel, carbamazepine, rifampin, 

voriconazole). Statistical significance will be assessed after applying a FDR adjustment.

3.2.5. Missing Data—Differential attrition by group will be analyzed. Missingness in 

the data will be addressed as follows. First, trained research personnel who are aware of the 

difficulties posed by missing data will oversee data collection. Second, assuming that 

missing values are missing at random (MAR) (i.e., the probability of missing data is not 

affected by unobserved variables) multiple imputation will be used to obtain parameter 

estimates and standard errors.111,112 These will be compared with the estimates obtained by 

omitting subjects that had missing data. If the results are very similar, we will report the 

latter for simplicity. The possibility that data are missing not at random (MNAR) would 

reflect a situation in which the probability of missing data is affected by unobserved 

variables (e.g., participants are too fatigued to participate post-intervention). There has been 

no evidence of MNAR in previous URCC NCORP trials and it is not expected to occur in 

the current study. However, if MNAR is suspected after examining the reasons for dropout, 

etc., sensitivity analyses will be conducted with pattern-mixture models to assess its impact. 

For the mediation models, Full Information Maximum Likelihood Estimation (FIML) will 

be used. FIML is robust to missing data under the MAR assumption. In the event of MNAR, 

sensitivity analyses will again be performed with pattern-mixture models.111,113

4. Discussion

This study is the first rigorous trial of bupropion for cancer-related fatigue. Positive results 

from the current study of breast cancer survivors would form the basis for future trials to 

determine the efficacy of bupropion for fatigue in other cancer populations and in patients on 

active treatment. American Society of Clinical Oncology (ASCO) and National 

Comprehensive Cancer Network (NCCN) guidelines recommend routine screening for 

fatigue in cancer patients,18,114 but current treatment options for fatigued patients are 

suboptimal. Thus, randomized controlled trials of pharmacologic interventions for cancer-

related fatigue have been identified as a high priority for research,19 including within the 

NCORP.115 If found to be efficacious, bupropion would be a safe, low-cost, widely-available 

treatment that could revolutionize management of cancer-related fatigue.

The study will also be among the first randomized, placebo-controlled pharmacologic trials 

to assess biological mechanisms underlying changes in cancer-related fatigue. Measurement 

of biological data enhances the scientific rigor and transparency of the study. It also 

represents a significant advance beyond the association studies that form the basis of current 

knowledge. The interventional nature of the study, combined with a rich dataset of biological 

parameters, will allow for detailed exploration of mechanistic pathways involved in cancer-

related fatigue. Findings that bupropion exerts a beneficial effect on fatigue through 

inflammation and/or HPA axis pathways would spur examination of additional therapies 

targeting these pathways. Findings of no relationship between the efficacy of bupropion and 

inflammation and HPA axis pathways would suggest a role for other mechanisms, spurring 

future research to uncover these mechanisms. Thus, exploration of inflammation and HPA 

axis pathways will be a significant scientific contribution regardless of whether bupropion is 

found to be efficacious. Study limitations should also be noted. For example, the sample will 
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be relatively heterogeneous in terms of time since treatment and treatment received, 

although this design decision will increase the generalizability of results. In addition, to 

reduce participant burden, we will assess fatigue only at baseline and follow-up. Therefore, 

we may miss circadian changes in fatigue (e.g., morning fatigue, evening fatigue. 

Nevertheless, successful completion of the current research is expected to yield important 

new knowledge regarding a potential treatment for cancer-related fatigue as well as exciting 

new avenues for future research.

Exploration of CYP2B6 as a moderator of bupropion efficacy further enhances the current 

project. Significant results would suggest that tailored dosing of bupropion should be 

considered. Genotype-guided drug dosing is becoming increasingly common in oncology 

and in some cases is recommended by the FDA (e.g., mercaptopurine).116 With the falling 

cost of genotyping and greater understanding of the human genome, it is likely that genetic 

information will become part of routine clinical care and increasingly important in clinical 

decisions. Thus, the current project anticipates precision medicine in supportive cancer care.
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Figure 1. 
Study flow diagram
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Figure 2. 
Model examining Exploratory Aims 2 and 3: cortisol-inflammation pathways mediating the 

relationship between bupropion exposure and change in fatigue.
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Table 1.

Inclusion and exclusion criteria

Inclusion criteria

Age at least 18 years

Female

Diagnosed with stage I-III breast cancer

No evidence of current breast cancer

Report moderate to severe fatigue in the past week (i.e., a score ≥ 4 on a 0–10 scale)

Attribute their fatigue to cancer and/or its treatment

Completed surgery, radiation, standard dose chemotherapy, and/or targeted therapy 12–60 months previously

Able to read and speak English

Women of child-bearing potential must agree to use contraception prior to study entry and for the duration of study participation

Be capable of providing written informed consent

Exclusion criteria

Another medical condition in which fatigue is a prominent symptom (e.g., anemia, autoimmune disease, sleep apnea)

Currently taking bupropion, Wellbutrin, Forfivo, Aplenzin, or Zyban (i.e., bupropion prescribed for other indications), an anti-depressant 
including but not limited to an MAOI inhibitor, anti-psychotic, a systemic anti-TNF agent, linezolid, methylene blue, or a systemic 
corticosteroid

History of renal impairment (i.e., glomerular filtration rate < 45)

History of cirrhosis (i.e., Child-Pugh score ≥ 5)

History of seizures

History of bulimia or anorexia nervosa

History of sensitivity to bupropion

Allergic to lactose

Have psychiatric or neurological disorder(s) that would interfere with study participation (e.g., schizophrenia, alcohol use disorder)

Be currently pregnant or breastfeeding or plan to become pregnant in the next four months, due to unknown teratogenicity of bupropion
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