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Abstract
Background  Evaluation publications typically summarize the results of studies to demonstrate the effectiveness of 
an intervention, but little is shared concerning any changes implemented during the study. We present a process 
evaluation protocol of a home-based gait, balance, and resistance exercise intervention to ameliorate persistent 
taxane-induced neuropathy study according to 7 key elements of process evaluation.

Methods  The process evaluation is conducted parallel to the longitudinal, randomized control clinical trial 
examining the effects of the home-based gait, balance, and resistance exercise program for women with persistent 
peripheral neuropathy following treatment with taxanes for breast cancer (IRB approval: Pro00040035). The flowcharts 
clarify how the intervention should be implemented in comparable settings, fidelity procedures help to ensure the 
participants are comfortable and identify their individual needs, and the process evaluation allows for the individual 
attention tailoring and focus of the research to avoid protocol deviation.

Conclusions  The publication of the evaluation protocol plan adds transparency to the findings of clinical trials 
and favors process replication in future studies. The process evaluation enables the team to systematically register 
information and procedures applied during recruitment and factors that impact the implementation of the 
intervention, thereby allowing proactive approaches to prevent deviations from the protocol. When tracking an 
intervention continuously, positive or negative intervention effects are revealed early on in the study, giving valuable 
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Background
Breast cancer chemotherapy regimens vary, but many 
include taxane preparation [1]. Taxane-induced periph-
eral neuropathy is an important consequence of breast 
cancer therapy, leading to functional impairment and 
compromised quality of life. Chemotherapy-induced 
peripheral neuropathy (CIPN) occurs in up to 80–97% of 
patients with onset from week 1-101 with symptoms per-
sisting until around 57 months [2, 3].

The “Home-based Physical Activity Intervention for 
Taxane-Induced CIPN” (B-HAPI) study is two-group, 
16-week randomized clinical trial designed to address 
persistent taxane-induced peripheral neuropathy in 
women treated for invasive breast cancer. There have 
been only a limited number of original Randomized Con-
trolled Trials conducted concerning this topic [4], partic-
ularly on proposing an exercise intervention specifically 
targeted towards persistent taxane-induced peripheral 
neuropathy using authenticated measures of gait and bal-
ance assessment.

Process evaluation is a systematic method for collect-
ing, analyzing, and using data to examine the effective-
ness of programs. Most evaluation publications report 
the results of studies to demonstrate the efficacy of an 
intervention. However, little is shared about protocol or 
other changes implemented during the research process 
that may influence the study outcomes. Often the mecha-
nism of intervention delivery is overlooked as a critical 
aspect of evaluation, but instead should be treated as an 
important component of the overall intervention strat-
egy, including the planning phase [5].

Implementing and obtaining process evaluation data 
helps to identify factors responsible for maintaining 
study integrity that may be implicated in determining the 
effectiveness of the intervention, the success or failure of 
an intervention, and for whom and under what circum-
stances the intervention is effective [6, 7].

In this paper, we present a process evaluation proto-
col of a home-based gait, balance and resistance exercise 
intervention to ameliorate persistent taxane-induced 
neuropathy study according to 7 key elements of process 
evaluation [6–8]. The 7 key process evaluation compo-
nents that will determine intervention effectiveness are 
fidelity (quality), dose delivered (completeness), dose 
received on exposure and satisfaction, reach (participa-
tion rate), recruitment, and context.

Methods
Aim, design, and setting of the study
The process evaluation is conducted parallel to the longi-
tudinal, randomized control clinical trial (B-HAPI study) 
whose objective is to examine the effects of the home-
based gait, balance and resistance exercise program for 
women with persistent peripheral neuropathy following 
treatment with taxanes for breast cancer. The current 
process evaluation aims to: (1) monitor and assess the 
implementation of the home-based gait, balance, and 
resistance exercise program and (2) generate findings 
that aid in the interpretation and explanation of the pro-
gram effects obtained in the parallel controlled trial. This 
model provides a conceptual framework for understand-
ing the factors that affect the success or failure of a com-
plex intervention. Data collection is structured using a 
triangulation design model [9]. The protocol had under-
gone previous scientific peer review as part of the grant 
application.

Process evaluation data are collected throughout the 
study as factors related to the successful completion 
of monthly questionnaires using Research Electronic 
Data Capture (REDCap), an electronic data capture tool 
hosted by University of South Florida. This data capture 
system maintains the standardized contact frequency of 
participants with the research team via telephone or vid-
eoconference, and health issues that can influence study-
related processes. Results of the process evaluation are 
used to inform the intervention implementation and to 
perform midcourse corrections when fidelity of imple-
mentation is threatened (formative purposes). However, 
most process data will only be available following study 
intervention completion (summative purposes). Process 
data is ongoing and will be analyzed and interpreted 
prior to analysis of study outcomes. The hypothesis gen-
erated in the process evaluation derives from the adjust-
ments in the implementation of the process only, and 
does not apply to not the original study hypothesis or 
results. These changes lead to new insights and hypoth-
eses that can subsequently be statistically tested [5, 10].

Study design
A two-group longitudinal randomized controlled trial 
(RCT) was designed to address persistent chemother-
apy induced peripheral neuropathy (CIPN) in women 
treated for invasive breast cancer with taxane-based 

insight into inconsistent results. Furthermore, a process evaluation adds a participant-centered element to the 
research protocols, which allows a patient-centered approach to be applied to data collection.

Trial registration  ClinicalTrials.gov NCT04621721, November 9, 2020, registered prospectively. Protocol version: April 
27, 2020, v2.
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chemotherapy. The B-HAPI study so far screened 1,889 
people, including 94 people who are at least 6 months 
post-treatment and suffer from CIPN with a visual analog 
scale pain rating of ≥ 3. Figure  1 shows the CONSORT 
flow diagram of the study.

The study has the goal of recruiting 312 women in total, 
156 in the intervention group and 156 in the attention 
control group. Power analyses determining the group 

sizes are described at the Statistical Analysis section. 
Breast cancer survivors are recruited from the regional 
community through breast cancer support groups, local 
institutions, social media campaigns, and recruitment 
flyers with the assistance of a local advertisement agency. 
Participants were randomized to either the intervention, 
consisting of a home-based exercise program, or an edu-
cational attention control group. Randomization to the 

Fig. 1  B-HAPI study CONSORT Flow Diagram. Displays the recruitment flow diagram for screening, randomized allocation per group, and follow up based 
on the Consolidated Standards of Reporting Trials (CONSORT).
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study group was achieved using the REDCap randomiza-
tion tool customized by the study statistician and RED-
Cap specialist hosted at the University of South Florida 
[11, 12]. Protocol dictated that participants in both 
groups were to complete a total of five (5) appointments 
over the course of a 16-week period. Two in-person 
study appointments occurred once at the beginning and 
once at the end of the four (4) months. In between the 
two in-person appointments, participants in both groups 
had monthly phone calls scheduled at the 4-, 8-, 12-, and 
15/16-week mark. The study finished recruiting and is in 
the last phases of the study with follow-up collection.

Setting
Following initial eligibility screening, the written 
informed consent, baseline data collection are conducted 
in person at the University of South Florida’s School of 
Physical Therapy and Rehabilitation Sciences Human 
Functional Performances Lab (HFPL) located on the uni-
versity campus. The HFPL is a 6500 square foot research 
facility with a private space for consent and nerve con-
duction studies. It is equipped to assess performance, 
impairments, and functional limitations of neuromus-
culoskeletal conditions. Equipment in the HFPL that is 
utilized for this study includes: the BIODEX 3.0 comput-
erized dynamometer to assess lower extremity muscle 
strength; the GAITRite System to assess gait; and the 
Neurocom Sensory Organization Test to assess balance. 
Nerve conduction studies are conducted at a private 
room in the HFPL by the collaborating study neurolo-
gist. Once baseline data are collected, group assignment 
(Exercise Intervention or Educational Attention Control) 
is revealed via RedCap. The data collector is blinded to 
study group assignment. Similarly, the 16-week (end of 
study) data collection is also performed in person with 
the same assessments as described above. All other data 
collection at 4, 8, and 12 weeks are done using a RED-
Cap link sent to all study participants where the ques-
tionnaires can be accessed. Data is collected only in the 
United States. The Principal Investigator and statistician 
are blinded to the groups allocated intervention. Because 
this study has been evaluated as low risk by the university 
IRB, no unblinding guidelines were deemed necessary.

Participants randomized to the exercise intervention 
are instructed by the interventionist in all the exercises 
in the HFPL. The participant is given a tote bag with 
the B-HAPI research logo and the resistance bands and 
a paper exercise booklet for referral. Exercises are also 
recorded by the research team’s physical therapist on a 
YouTube channel and the link is provided to the partici-
pant. The exercise diary is provided to the is electronic 
through a RedCap link.

Characteristics of the participants and measures
Population
Community-dwelling breast cancer survivors are 
recruited from the community. Female breast cancer 
survivors (≥ 21) who completed treatment for invasive 
breast cancer with taxane-based chemotherapy, and who 
have a peripheral neuropathy score of ≥ 3 by VAS rating 
were eligible for the study. Individuals with any disease 
(e.g. diabetes, HIV) that results in peripheral neuropathy 
or muscle weakness (chronic fatigue syndrome, multiple 
sclerosis, spinal cord tumors or injuries, stroke,); any dis-
ease that would preclude exercise (preexisting cardiopul-
monary disease)) symptomatic lymphedema or at high 
risk for pathologic fracture are excluded. The study was 
approved by the University of South Florida Institutional 
Review Board (Pro00040035) and registered at Clinical-
Trials.gov (Identifier: NCT04621721). If the study par-
ticipants scored higher than 10 on the PHQ-9 or GAD-7 
while answering the RedCap online forms, the Principal 
Investigator received an e-mail alert to inquire the reason 
for their high scores and make a decision about referral. 
Referrals to neurology, mental health professionals, and 
physical therapy were available through an affiliation with 
the University of South Florida healthcare network.

Attention control protocol
The attention control group participants received an edu-
cational intervention designed to equalize exposure to 
the exercise intervention protocol. Participants in this 
group received a journal binder in which to record their 
clinic and research appointments, pamphlets used for 
the educational attention control condition were from 
the American Cancer Society (ACS) and pertained to 
post-cancer care with additional supplemental informa-
tion related to the ACS topics. Initially, the educational 
materials chosen consisted of (1) Nutrition: Eating Well 
After Treatment [13]; (2) Body Image and Sexuality After 
Breast Cancer [14]; (3) Life After Cancer/Follow-up Care 
[15]; and (4) Emotional and Social Issues After Can-
cer [16]. However, before the study was to commence, 
the SARS-CoV-2 pandemic struck the United States of 
America. As a result, the addition of COVID-19 Vac-
cinations: Myths vs. Facts and ‘Survivorship’ was added 
to the list of educational materials. In addition, partici-
pants were very interested in stress reduction techniques, 
so educational information on mindfulness-based stress 
reduction was also added. These topics were used as a 
substitute for those who chose to opt-out of any of the 
original topics.

The topics chosen were specially selected to provide 
relevant, timely information the individual can use in 
the cancer survivorship trajectory, while avoiding those 
related to exercise/physical activity to prevent contami-
nation. Each control group participant received phone 
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calls scheduled around data collection to equalize atten-
tion. Each phone call had a specific topic for that month 
and a trained member of the research team discussed 
the topic while providing additional insights in a semi-
structured interview process. These educational sessions 
lasted approximately 20–35 min and occurred at the 4-, 
8-, 12-, and 15-week mark. The attention control group 
members agreed to not begin a new exercise program or 
change their level of exercise during the study.

Exercise intervention protocol
The exercise intervention consists of a 16-week home-
based exercise program meant to improve the partici-
pant’s gait, balance and lower extremity muscle strength. 
All material related to the exercise protocol was provided 
to the intervention group participants. The strength 
training exercises used progressive resistance flat bands 
for performing a variety of resistive exercises for the 
lower extremities, such as leg curls, lunges, and calf 
raises. The gait and balance exercises consisted of move-
ments and postures that engaged varied sensory informa-
tion by having participants perform static and dynamic 
tasks with eyes open/closed (visual), head steady or with 
head turns (vestibular), on firm surface/on foam (somato-
sensory). The exercise program contains detailed easy to 
follow demonstrations for each gait/balance training and 
resistance exercise training led by a physical therapist via 
a YouTube link. In addition, a pictorial exercise instruc-
tion booklet is also provided to participants for their ref-
erence. All exercise sessions are recorded in an Exercise 
Diary to provide a quantitative measure of exercise, as 
the prescribed exercises cannot be collected via any avail-
able device. Participants are instructed to complete the 
exercise diary for review at every data collection encoun-
ter. The intervention length is comparable with previous 
studies of exercise in persons with peripheral neuropathy 
[17–36] Intervention group participants are provided the 
resistance training bands of varying levels for the pur-
pose of exercise progression, and wide, firm foam sur-
face for the balance exercises. The intervention protocol 
begins with light warm-up and stretching activities fol-
lowed by10 minutes each of gait/balance and 10 min of 
resistive (strength) training components. Telephone calls 
for follow-up to assist in surmounting barriers to exer-
cise are conducted according to a standard schedule. The 
research team also offered video calls with participants 
to ensure proper exercise performance. The intervention 
nurse called each exercise participant one week after the 
baseline appointment to ensure exercise understanding 
and exercise diary completion. The study physical thera-
pist also provided any needed consultations.

Data collection
Following informed consent, the following data is col-
lected: age, gender, race, marital status, income level, 
employment status. Information concerning breast can-
cer stage, and hormonal status, type of breast cancer-
related surgery, number of taxane cycles received, and 
current medications are also obtained.

Assessments of lower extremity muscle strength [31], 
gait/balance [19, 26, 35], nerve conduction [20, 36], neu-
ropathy symptoms [18], Brief Resilience Scale (BRS) [37], 
quality of life (QOL) [18], Generalized Anxiety Disorder 
(GAD-7) [38, 39], Patient Health Questionnaire (PHQ-9) 
[40, 41] are collected in person at baseline. At 4 weeks, 
8 weeks, and 12 weeks, measures of neuropathy symp-
toms, anxiety, depression, resilience and QOL are col-
lected online via RedCap at the end of the intervention 
(16 weeks) all in-person assessments are repeated as in 
the baseline measures. The assessments performed and 
instruments validity are described at Table  1 per time 
point. And Fig.  2 through the Standard Protocol Items 
recommended for Interventional Trials (SPIRIT) with the 
schedule of enrolment, interventions, and assessments.

Individual semi-structured interviews by group assign-
ment occurs on a regular basis at baseline, 4 weeks, 8 
weeks, 12 weeks, and 16 weeks with all participants. The 
intervention group is asked about their ability to engage 
in the exercise program over the past few weeks, any bar-
riers to exercise they have experienced, and strategies to 
overcome these barriers.

The attention control and intervention phone calls uti-
lize standardized scripts and take a similar length of time 
at the same time intervals to equalize contact with both 
groups and avoid attention bias. The attention control 
script consists of the educational topics as noted above 
about barriers and strategies in the survivorship tra-
jectory. The educational topics specifically avoid those 
related to exercise/physical activity to prevent contami-
nation. Educational pamphlets of these topics are placed 
in the planners given to the attention control group. A 
review the assigned topic is provided during the sched-
uled attention control phone call, and the participant is 
engaged in a discussion of the topic and any questions are 
answered.

COVID-19 pandemic impact
While the overall COVID-19 pandemic has been 
resolved, it remains important to discuss the impact 
of the pandemic on the study processes. The study 
start was delayed for 4 months due to the 2020 acute 
COVID-19 outbreak which resulted in the closure of 
in-person university research activities. Once the study 
could begin recruitment, the research team took steps 
to mitigate COVID-19 infection transmission, as this 
occurred before vaccine approval. These steps included 
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mask mandates for all research staff in contact with par-
ticipants, the provision of clean, disposable masks for 
patients upon arrival, hand sanitization stations, proce-
dures for sanitizing all surfaces and equipment before 
and after participant appointments, and the institution of 
a COVID-19 risk assessment questionnaire. For 2021 and 
2022, those measures continued to be implemented until 
masks were not mandatory in our clinics, approximately 
mid-2022. However, aseptic techniques continued to be 
implemented as needed.

Process description
Program implementations as planned
A graphical presentation of the recruitment and data 
collection is provided as flowcharts (Figs.  2 and 3). The 

flowcharts clarify how the intervention should be imple-
mented in comparable settings, revealing important 
aspects necessary to reach optimal performance and 
quick adjustments. Prior to starting recruitment, the 
research team assessed the fidelity of the intervention 
by use of a fidelity checklist developed by the PI. The 
fidelity checklist is utilized at regular weekly intervals 
throughout the study for training any new staff, for re-
training and ensuring compliance with the intervention 
procedures.

First, through social media marketing efforts, the par-
ticipant reaches out the research team to obtain addi-
tional study information and to assess for interest and 
study eligibility. The team then explains the study objec-
tives and requirements as well as triaging COVID-19 

Table 1  Instruments validity/reliability and time of measures
Variable Instrument Time of Measure *
Lower extremity 
muscle strength

Isokinetic dynamometry (Biodex 3.0) Hip flexors, hip abductors, knee flexors, knee extensors, and ankle 
dorsiflexors will be tested. A composite strength score for each lower extremity will be calculated for each 
extremity. R & V ICC = 0.91–0.99 [31]

Baseline & 16 
weeks

Gait and Balance Gait analysis will be performed using a GAITRite System with 3D motion capture with integrated force 
platform. Gait variables to be used in analysis are ankle plantar/flexor torque & power [19, 26, 35]
Sensory organization test (computerized dynamic posturography) for balance (Neurocom Balance Master, 
Clackamas, OR) [19]. The composite score comes from 6 conditions from eyes-open and eyes-closed 
derived from the sensory organization test through the computer algorithm that will be used as the bal-
ance variable in analysis. ICCs were 0.62 (95% CI: 0.04, 0.80) for the eyes open and 0.80 (95% CI: 0.62, 0.90) for eyes 
closed tests.

Baseline & 16 
weeks

Nerve conduction Nerve conduction studies of the sural & peroneal nerve action potentials will be tested at the USF Depart-
ment of Neurology. Tests of nerve conduction have been successfully used to monitor change over time in 
studies of peripheral neuropathy from taxanes [20, 36].

Baseline and 16 
weeks

Neuropathy 
Symptoms

FACT-Taxane Additional Concerns subscale53 Addresses symptoms specific to neuropathy. Likert scale: 0 (not 
at all) − 4 (very much). Symptom score can range from 0–4 with higher scores indicating more neuropathic 
symptoms. r = 0.84–0.88, concurrent validity established [18]

Baseline, 4, 8, 12, 16 
weeks

Quality of Life FACT-Taxane (version 4)18. A total Quality of Life score can be obtained by summing the subscale scores 
and will be used for in the data analysis. r = 0.84–0.88, concurrent validity established.

Baseline, 4, 8, 12, & 
16 weeks

Exercise Diary Intervention participants report frequency and perceived intensity Baseline, 4, 8, 12, & 
16 weeks

Anxiety Generalized Anxiety Disorder 7-item (GAD-7) scale reflects on anxiety symptoms over the prior 2-week 
period. The cut-off scores of 5, 10, and 15 correspond to mild, moderate, and severe anxiety symptoms, 
respectively [38]. Reliability among cancer patients: Cronbach’s α = 0.88 [39].

Baseline, 4, 8, 12, & 
16 weeks

Depression Patient Health Questionnaire (PHQ-9) reflects on depression symptoms over the prior 2-week period [40]. 
A score over 10 indicated potential depression. Reliability among cancer patients: Cronbach’s α = 0.84 [41].

Baseline, 4, 8, 12, & 
16 weeks

Resilience Brief Resilience Scale (BRS) provides a total score of resilience. A score of 1.00-2.99 indicates low resilience, 
3.00-4.30 indicates normal resilience, and 4.31-5.00 indicates high resilience. Reliability in various popula-
tions: Cronbach’s α ranging from 0.80 to 0.91 [37].

Baseline, 4, 8, 12, & 
16 weeks

Control Variables
Age
Taxane cycles and 
interval

Will be obtained by patient report
Number of taxane cycles received and interval since last treatment will be collected.

Baseline
Baseline

Medications
Pain
BMI
Current resistance 
exercise
Falls or near falls in 
last month

Medications used for neuropathy pain will be monitored and documented throughout the study, and 
coded into drug classifications, and dosage change/no change tracked for analysis.
Brief Pain Inventory assesses severity of pain, impact of pain on daily function, location of pain, pain medica-
tions and amount of pain relief in the past 24 h. Cronbach alpha 0.77 to 0.91 [21].
A portable Tanita Body Composition Analyzer will be used to obtain each participant’s weight and BMI 
through bioelectrical impedance [23, 33].
Self–report (yes/no)
Self-report (yes/no) [25, 34, 47]

Baseline, 4, 8, 12, & 
16 weeks
Baseline, 4, 8, 12, & 
16 weeks
Baseline & 16 
weeks
Baseline
Baseline, 4, 8, 12, & 
16 weeks
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symptoms/risks during the active COVID-19 infection 
and quarantine period to ensure participants and team 
safety. Upon confirming eligibility (Fig.  3), the partici-
pants baseline lab visit is scheduled for data collection 
(Fig. 4).

The physical therapy lab team performing data collec-
tion, the study statistician and the primary investigator 
are blind to whether the participant is allocated to the 
intervention or control group at baseline and follow ups. 
Only the study research manager and research assistants 
are aware of the participants allocation as they proceed 
with the instructions and implementation of the exercise 
diary and educational materials for the attention group.

The participants provide data via a fidelity instrument 
(Tables 2 and 3, according to the designated group) and 
the research team members proceeded with debriefing. 
These procedures beyond the data collection helps to 
ensure the participants are comfortable and identify any 
of their individual needs, which helps building relation-
ship rapport and avoid attrition rates.

The fidelity instrument is administered according to 
the designated group assignment. (Tables  2 and 3) This 
procedure allows structured data collection from par-
ticipants in both the intervention and control groups 
concerning perception of the intervention or control 
conditions, with an opportunity for any comments about 
the session.

The team members debriefing was done initially at the 
end of the each follow up until the staff were comfortable 

with the procedures. Currently a debriefing concern-
ing the fidelity measure is conducted bi-weekly at the 
research team meeting. The meeting time ensures reflec-
tion and alignment to study focus and procedures, pro-
viding an opportunity for feedback meetings. During 
those meetings, the primary investigator receives a sta-
tus update on the research study as well as additional 
details regarding additional aspects of the research, such 
as logistics for collecting data and returning data to the 
research team. Team members were ready to correct the 
implementation of the intervention if needed to ensure 
fidelity to the intervention. They kept track of the dis-
cussion topics and changes for evaluation purposes. The 
study has not yet experienced any significant protocol 
deviations.

Process evaluation
Throughout the research process shown in the flowchart 
(Fig.  3), different elements of the process evaluation 
components are implemented and used to collect pro-
cess data. The tools to collect process data are based on 
the nature of the process evaluation questions (Table 4), 
this includes how to acquire valid, reliable information 
efficiently and with the least burden on those involved. 
In Table 4, the tools/procedures for collecting data, data 
sources and process evaluation questions are indicated 
for each process evaluation component.

Quantitative data will be analyzed using the soft-
ware package SPSS for windows computing descriptive 

Fig. 2  Standard Protocol Items recommended for Interventional Trials (SPIRIT) with the schedule of enrolment, interventions, and assessments. Displays 
Timeline for application of the standard protocol items. *Only intervention group, ** only control group. Note: reminders are sent
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statistics with means and frequencies, the attrition rate 
and follow-up contacts. We will compare both groups 
and test the efficacy of the 16-week delivered program of 
gait/balance training plus resistance exercise in increas-
ing muscle strength, improving gai/balance and nerve 
induction parameters, decreasing neuropathy symptoms, 
increasing quality of life and resilience, and decreasing 
anxiety and depression while controlling for age, BMI, 
number of taxane cycles and intervals, neuropathic pain, 

neuropathy/pain medications, current resistance exercise 
participation and falls/near falls experienced.

The qualitative data collected by open-ended question 
in the fidelity checklist and teams notes throughout the 
process evaluation will be used for the individual atten-
tion tailoring and focus of the research to avoid pro-
tocol deviation. Content analysis on the notes about 
participants commons concerns will allow major themes 
to emerge from the data [42]. A narrative report will 
summarize the description of the procedures.

Fig. 3  Recruitment. Reports detailed information and transcript for recruitment and enrollment in the study
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Statistical analysis
Power analyses were performed through a Monte Carlo 
simulation approach with the software Mplus to calculate 
sample size [43, 44], incuding recommended variance of 

the population parameters. Observations were spaced 
at 0, 4, 8, 12, and 16, weeks with the number of weeks 
since baseline as the time metric to evaluate the effi-
cacy of the 16-week intervention. To reflect an effective 

Table 2  Fidelity instrument - intervention group
ID#:_____________ Date: __________________ Week #:___________
Did not 
cover

Covered 
partially

Covered 
fully

A. Introduction
1 2 3 Inquire about how the study is going for participants.
1 2 3 Answer any questions participant had regarding surveys or exercise diary.

B. Stretching
1 2 3 Discuss about stretching prescription
1 2 3 Ask if participant feel any pain during stretching routine and, if yes, assisted in brainstorming ways 

to alleviate pain.
1 2 3 Remind participant to fill out their exercise diary.

C. Gait and Balance (G&B)
1 2 3 Discuss barriers and strategies to overcome issues with performing G&B.
1 2 3 Ask if participant feel exertion during G&B exercises and adjust exercise prescription accordingly.
1 2 3 Ask if participant feel pain during G&B routine and assist in brainstorming ways to alleviate pain.

D. Strength Training
1 2 3 Discuss barriers and strategies to overcome issues with performing strength exercises.
1 2 3 Ask if participant feel exertion during strength exercises and adjust exercise prescription accordingly.
1 2 3 Ask if participant feel pain during the strength routine and assist in brainstorming ways to alleviate 

pain.
E. Additional Questions

1 2 3 Discuss any changes in participants health.
1 2 3 Discuss any additional questions or concerns by the participant.
1 2 3 Remind participant to fill out their exercise diary.
1 2 3 Remind participant to fill out the last two pages of the exercise diary if the participant has done any 

other exercises or if the participant had experienced any illnesses/injuries.
E. Other Aspects of the Session

1 2 3 Registered comments about the session

Fig. 4  Baseline and follow-up flowcharts. Displays detailed information of the procedures during baseline and follow-up appointments. Both groups has 
the same baseline and final follow-up procedure (16 weeks), but differ in the follow-up for the 4,8,12, and 15 weeks
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randomization of participants to conditions, we modeled 
no mean difference between treatment and control con-
ditions at baseline, and the difference in slopes between 
the treatment and control conditions during the inter-
vention period (γ11) is the focal parameter to be ade-
quately powered. Given α = 0.05, a two-tailed hypothesis 
test, and the view that a power value of 0.80 will be ade-
quate to detect a treatment effect, a minimum sample of 
N = 312 participants (based on recruitment of 2 or more 
participants per week for 3 years) with 20% attrition, 
10% periodic non-response. A full-information maxi-
mum likelihood approach for an intent-to-treat analy-
sis, a Monte Carlo simulation with 10,000 replications 
suggests we will be able to detect a minimum standard-
ized effect of 0.30 with a probability of correctly reject-
ing a false null (power) of 0.81. If the recruitment rate 
is closer to 3 per week resulting in a sample of N = 468, 
the minimum detectable standardized effect is 0.25. By 
including additional control variables (all ES’s = 0.10), the 
minimum-detectable effect sizes decrease to 0.27 and 
0.22, respectively. Topic relevant meta-analyses reported 
effect sizes for exercise intervention effects on similar 
outcomes to range between ES = 0.30 to ES = 0.0.84 [45]. 
The prospective power analysis suggests that our study 
is well positioned to detect effect sizes even at the lower 
end of this reported range.

In order to test the efficacy of the 16-week-delivered 
program of gait/balance training plus resistance exercise, 
we will use a intent-to-treat (ITT) analyses to evaluate 
the effect of the intervention using the Exercise Diary for 

change in outcomes at post-intervention and at follow-
up and a structural equation modeling (SEM) to explore 
the covariates of the intervention effect. The aforemen-
tioned analyses provide a generalized mixed model that 
allows to modeling both time-varying covariates (e.g., 
pain, medications, BMI, falls) and individually varying 
covariates (e.g., age, taxane cycles, years since treatment 
completion, baseline resistance exercise); adjust for loss 
of power and bias derived from attrition and periodic 
non-response; utilize a non-normal link function from 
non-normally-distributed outcomes; and, consider indi-
vidual differences in baseline outcomes and improved 
outcomes from the intervention by allowing initial sta-
tus and change over time to be random (latent) variables. 
The intention-to-treat analyses are based on differential 
improvement outcomes between the treatment and con-
trol conditions during the 16-week intervention efficacy 
period.

We will also evaluate for differences in muscle strength, 
gait/balance, sensory (sural) and motor (peroneal) nerve 
conduction, peripheral neuropathy symptoms, qual-
ity of life (QOL), resilience (BRS), anxiety (GAD-7), and 
depression (PHQ-9) between groups (exercise-interven-
tion vc educational-intervention, control group) while 
controlling for age, Body Mass Index, taxane cycles and 
intervals, neuropathic pain, neuropathy/pain medica-
tions, current resistance exercise participation and falls/
near falls experienced.

Additional parameters are included to evaluate the 
time-varying controls (pain, medication use, BMI, fall) 

Table 3  Fidelity instrument - attention control
ID#:________________ Date: ______________________ Week #:__________________
Did not 
cover

Covered 
partially

Covered 
fully

A. Introduction
1 2 3 Inquire about how the study is going for participants.
1 2 3 Answer any questions participant had regarding surveys
1 2 3 Ask whether the participant has read the educational material
1 2 3 Answer any questions the participant had regarding the educational material

B. Educational Topic
1 2 3 Introduce the topic
1 2 3 Assess comfort level discussing the topic

C. Summary of Topic
1 2 3 Give brief summary of topic along with asking questions imbedded within the summary
1 2 3 Ask about and discuss any concerns or barriers the participant experiences regarding the topic
1 2 3 Review strategies to overcome these barriers

D. Additional Resources
1 2 3 Review additional helpful resources available in the area related to the topic
1 2 3 E. Post-Educational Session Questions
1 2 3 Discuss any changes in participants health.
1 2 3 Discuss any additional questions or concerns by the participant.
1 2 3 Remind participant to review the materials for the next educational session prior to the phone call

E. Other Aspects of the Session
1 2 3 Registered comments about the session
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and time-invariant controls (age, taxane interval/cycles, 
baseline resistance exercise). Control for these poten-
tial covariate effects reduces potential bias to the slope 
parameters central to the test of study aims and increases 
statistical power.

A certified research associate and statistician are 
dedicated to the role of data management. The process 
evaluation is periodically analyzed through descriptive 
statistics analysis (quantitative data) and content analysis 
(qualitative data). The process evaluation analysis allows 
individual attention while focusing on research to avoid 
protocol deviation. This study has been evaluated as low 
risk by the university IRB and no stopping guidelines to 
terminate the trial were deemed necessary.

Discussion
This paper describes the process evaluation protocol 
plan for the B-HAPI study: Home-based physical activ-
ity intervention for taxane-induced CPIN: A randomized 
controlled trial (RCT). Beyond focusing on publish-
ing the outcomes, publishing the process flow diagram 
and evaluation model favors replication of a complex 

longitudinal clinical trial study. This allows midcourse 
correction when fidelity of the implementation is threat-
ened with data analysis and interpretation before the out-
comes of the effect of the study. Considering that most 
summative process data is not processed or available 
until after completion of the proposed intervention [6], 
the process evaluation is critical for the success and repli-
cation of the study.

The incorporation of process evaluation elements in 
the process supports the implementation of the interven-
tion key components. After all, it ensures that quantita-
tive and qualitative data supports an understanding and 
assurance of the quality and process of the implementa-
tion are gathered [46].

The process evaluation allows the team to systemati-
cally register information and procedures applied dur-
ing the recruitment process and factors influencing the 
intervention implementation, which allows a proactive 
approach to avoid protocol deviations. This allows a 
seamless documentation of midcourse correction, non-
participation and drop-outs during recruitment, inter-
vention, and follow-up.

Table 4  Process Evaluation Model
Key Process Evalua-
tion Components

Process Evaluation 
Topic

Process Evaluation Questions Data Collection Tools

Intervention Fidelity
(Quality of 
Implementation)

1. Implementation as 
planned

1. To what extent were all elements of the 16-week-delivered pro-
gram implemented as planned?

1. Flow diagram checklists, 
team member debriefs, 
intervention script, attention 
control script

Dose delivered 
(Completeness)

2. Steps of the protocol 
followed by research 
team

2. To what extent did the research team follow all steps of the proto-
col (depicted at flow diagrams)?

2. Flow diagram checklists,

Dose received 
(Exposure)

3. Compliance of par-
ticipants to follow-up 
actions

3. To what extent were participants compliant with follow-up ac-
tions formulated in the intervention (exercise) plan and attention 
control plan?

3. Exercise diary
4. Attention Control Script

Dose received 
(Satisfaction)

4. Satisfaction of 
participants
5. Benefit to 
participants

4. To what extent were participants satisfied with the follow up 
actions?
5. To what extent did participants benefited from follow-up actions 
of the intervention (exercise) plan and attention control plan?

4. Participant satisfaction 
survey
5. Participants satisfaction 
survey

Reach (Participation 
Rate)

6. Number of partici-
pants enrolled
7. Reasons 
non-participation
8. Completion steps 
protocol
9. Reasons drop-out

6. What proportion of the intended target population participated?
7. What were the reasons for non-participation?
8. What proportion of the participants people completed all steps of 
the intervention (exercise) plan and attention control plan?
9. What were the reasons for drop-out of participants enrolled?

6. Trial database, CONSORT 
flow diagram
7. CONSORT flow diagram, 
Intervention script and atten-
tion control script, research 
member debriefing
8. Intervention script and at-
tention control script, adher-
ence rates from exercise diary
9. CONSORT flow diagram, 
Intervention script and atten-
tion control script, research 
member debriefing

Recruitment 10. Recruitment 
procedures

10. What procedures were used to recruit female breast cancer survi-
vors who completed taxane-based chemotherapy for participation?

10. Research Protocol

Context (General) 11. Implementation 
issues
12. Contamination

11. What barriers and facilitators influenced implementation of the 
intervention (exercise) plan and attention control plan?
12. To what extent did the control group receive the intervention or 
similar types of exercises (contamination)?

11. research team debriefing, 
Notes research team
12. research team debriefing, 
Notes research team
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By following the flow diagram consciously incor-
porating the process evaluation key components, the 
team gathered valuable information. Whenever there 
were conflicting opinions regarding adjustments of the 
process, the research team revisited the study hypoth-
esis/objective. The research financial institution and 
IRB should be consulted for any potential significant 
adjustment.

Regarding the breast cancer chemotherapy regimens, 
taxanes are known to induce peripheral neuropathy 
toxicity leading to lower extremity muscle weakness, 
impaired balance, pain, numbness, and decreased vibra-
tion or touch sensation [47–49]. Currently, there is no 
evidence-based preventative or treatment strategies 
available [50, 51] and a limitation of current publications 
is the lack of a clear theoretical framework in the devel-
opment process [52]. Studies in this field may benefit 
from a thorough process evaluation publication to deter-
mine factors that facilitate or hinder the intervention.

Lastly, by tracking the implementation of an interven-
tion continuously, favorable, or unfavorable intervention 
effects can be clarified early on in the study, which leads 
to valuable insights into contradictory results. The use 
of a mixed methods approach provides a key strength to 
the process evaluation by providing an understanding of 
the processes and experiences of participants with both 
interventions. As a general principle, combining quanti-
tative and qualitative methods increases validity more so 
than utilizing either one alone [46].

In conclusion, the publication of the process evalua-
tion plan adds transparency to the findings of clinical tri-
als and favors process replication in future studies. The 
authors believe every study and intervention manage-
ment follows a structured protocol procedure, barriers, 
and adjustments as part of the studies ethics and proce-
dures. However, adding transparency by publishing the 
process implemented and not only the outcomes validity 
and reliability is a practice that still needs to be instilled 
in the research community.

A process evaluation has many uses depending on the 
main objective, the available resources, the type of inter-
vention, and where it will be implemented. It also adds 
a participant-centered component into the research, 
bringing the patient-centered model into data collec-
tion. While executing the process evaluation, one chal-
lenge is to consider whether interim adjustments and 
changes can be made to ensure that the exercise and 
educational intervention will be implemented with fidel-
ity without jeopardizing the study protocol’s integrity. 
The team ensured fidelity through consultation with the 
study physical therapist co-investigators, statistician and 
study neurologist prior to any significant adjustments. In 
addition, physical therapists not part of the study team 
were used to assess features of the exercise protocol 

for the intervention group and suggest and necessary 
adjustments.

For dissemination, the team plans to publish the data in 
publications and presentations in several venues, includ-
ing national and international professional meetings. 
For the patients, we communicate with them routinely 
through the newsletter, which is published periodi-
cally every month, and will publish a final newsletter in 
December 2024.

Limitations
A limitation is the execution of the process evaluation 
by the research team, which may introduce bias. How-
ever, acknowledging this possibility and introducing con-
sultation to experts on the decision-making process of 
adjustments (a peer review by an independent researcher 
component) helps to reduce this risk.

Randomized clinical trials are only designed to test 
interventions with a positive effect, making generaliza-
tion of results difficult because the study population dif-
fers greatly from the population treated in normal life. 
Additionally, trials are not usually able to answer the 
questions practitioners, decision-makers, or consumers 
ask. For an insight into long-term outcomes and endur-
ance of the outcomes at 16 weeks, follow up should 
extend beyond 16 weeks.
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