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Abstract
Background: Financial toxicity, the material and psychological burden of the cost of treatment, affects 30-
50% of people with cancer, even those with health insurance. The burden of treatment cost can affect
treatment adherence and, ultimately, mortality. Financial toxicity is a health equity issue,
disproportionately affecting patients who are racial/ethnic minorities, have lower incomes, and are <65
years old. Patient education about treatment cost and patient-oncologist cost discussions are
recommended as ways to address �nancial toxicity; however, research shows cost discussions occur
infrequently1-4. Our overall goal is to address the burden of �nancial toxicity and work toward health
equity through a tailorable education and communication intervention, the DISCO App. The aim of this
longitudinal randomized controlled trial is to test the effectiveness of the DISCO App on outcomes in a
population of economically and racially/ethnically diverse cancer patients from all age groups.

Methods: Patients diagnosed with breast, lung, colorectal or prostate cancer at a NCI-designated
comprehensive cancer center in Detroit, Michigan will be randomized to intervention or usual care arms.
Intervention patients will receive the DISCO App before the second interaction with their oncologist, and
some patients will receive an intervention booster. The DISCO App, presented on an iPad, includes an
educational video about treatment costs, ways to manage them, and the importance of discussing them
with oncologists. Patients enter socio-demographic information (e.g., employment, insurance status, etc.)
and indicate their �nancial concerns. They then receive a tailored list of questions to consider asking their
oncologist. All patients will have up to two interactions with their oncologist video recorded and complete
measures at baseline, after the recorded interactions, and at 1, 3, 6 and 12 months after the second
interaction. Outcome measures will assess discussions of cost, communication quality, knowledge of
treatment costs, self-e�cacy for treatment cost management, referrals for support, short- and longer-term
�nancial toxicity, and treatment adherence.

Discussion: If effective, this intervention will improve awareness of and discussions of treatment cost
and alleviate the burden of �nancial toxicity. It may be especially helpful to groups disproportionately
affected by �nancial toxicity, helping to achieve health equity.

Trial registration: Clinicaltrials.gov - NCT04766190. Registered February 23, 2021

Background
Financial toxicity, the severe material and psychological burden of the cost of cancer treatment, affects
an estimated 30–50% of patients. 1–5 As cancer treatment costs escalate 6 and the cost burden
increasingly shifts to the patient, 7–10 more patients are experiencing severe material economic
consequences. Across cancer types, patients are, on average, responsible for $16,000 annually for out-of-
pocket direct and indirect treatment costs. 11 People with cancer are 2.6 times as likely to �le for
bankruptcy as people without cancer. 12,13 Recent studies of breast cancer survivors found that 24% used
all of their savings over a six-month period to pay for treatment,14 and 62% of colorectal cancer survivors
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incurred debt to pay for treatment with an average liability of $26,860. 15 Financial toxicity can also result
from indirect costs, such as loss of income. Breast cancer survivors reported losing an average of 42
work days per year, which translated to an average of $8,236 in lost wages. 16 Treatment costs can also
have deleterious psychological effects, with almost half of survivors reporting signi�cant, even
catastrophic, levels of cost-related distress. 17–19 We emphasize that the material and psychological
consequences of �nancial toxicity can be experienced both short-term during diagnosis and treatment
and longer-term into survivorship. 1,19,20

The burden of �nancial toxicity is a health equity issue, disproportionately affecting patients who are
racial/ethnic minorities,15,21−24 have lower incomes,13,15,18,22 and/or are < 65 years of age.13,22,25

Compared to White cancer patients, Black cancer patients are twice as likely to deviate from treatment,
have utilities turned off, and move out of their homes because they cannot afford to pay for treatment
and living expenses.21 Black survivors are more likely to report treatment-related debt (15%) than White
survivors (9%). Lower-income Black breast cancer patients spend a greater proportion of their income
(27–31%) on treatment expenses than lower-income Whites (9–13%).22 Survivors are 1.4 times as likely
to be unemployed (often due to extended time off for treatment/recovery) as people without cancer;
racial/ethnic minority survivors are twice as likely to be unemployed as White cancer survivors.26 The
disproportionate burden of �nancial toxicity experienced by racial/ethnic minorities remains even when
controlling for employment status and insurance status at diagnosis.22,23 Younger patients (< 65) are
also at greater risk for �nancial toxicity and bankruptcy than older patients, mainly due to insurance
status (i.e., Medicare).25 A study of colon cancer patients found being younger, nonwhite, and/or having a
low annual income increased the risk of �nancial toxicity.15 A study of breast cancer survivors found the
burden of �nancial toxicity was higher for younger patients with lower incomes.27

Cancer treatment costs and related material and psychological burden in�uence treatment
recommendations,28 treatment decisions,29–32 adherence,1,3,20,32 and mortality.25 A majority of
oncologists report that cancer drug costs (56%) and patient out-of-pocket costs (84%) in�uence their
treatment recommendations.28 Costs also in�uence patients’ treatment decisions,29–32 including whether
to participate in clinical trials.30,33 Patients with lower incomes are more likely to choose treatments with
lower costs even if those treatments have lower survival and higher toxicity.31 To offset cost, patients
may deviate from treatment (including treatment for side effects)3,34,35 and/or forgo treatment
altogether.32 A study of 254 patients being treated with either chemotherapy or hormonal therapy found
that 20% of patients took less than the prescribed amount of medication, partially �lled, or avoided �lling
prescriptions due to the out-of-pocket costs.3 Another study of patients being treated for solid tumors
found that 45% of patients were non-adherent to treatment due to cost.20 A study of 1556 cancer
survivors found that those who reported �nancial problems were more likely to delay (18.3% vs. 7.4%) or
forgo treatment (13.8% vs. 5.0%) compared to respondents without �nancial problems.36 In a study of
more than 22,000 women with early-stage breast cancer, higher copayments were associated with greater
non-adherence to treatment by Medicare and non-Medicare patients. Indirect costs (e.g., travel distance)
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also reduce the likelihood of receiving or completing treatment.37 Severe �nancial distress resulting from
cancer treatment may itself be a mortality risk factor.25

Health insurance, whether public or private, does not protect patients against �nancial toxicity.1,4 The
American Cancer Society conducted a national poll of 1,000 + adults who reported they or a member of
their household had cancer or a history of cancer.4 Regardless of insurance, 20% of respondents had
di�culty paying for basic necessities, 15% used up all or most of their savings, and 11% incurred
thousands of dollars of debt due to treatment expenses. This survey found that 26% of respondents who
were insured during their cancer diagnosis and treatment experienced problems with their coverage.4 A
study of 10,000 patients with Medicare or private insurance found higher copayments were related to
prematurely stopping oral chemotherapy.38

Including costs as part of patient-oncologist treatment discussions could help raise awareness and
prepare patients to manage treatment costs. A major contributor to the burden of �nancial toxicity is
patients’ lack of awareness of potential costs they may incur during treatment and survivorship and how
to manage those costs.2,39−42 Patients are often unprepared when out-of-pocket costs arise.43 Patient-
oncologist treatment cost discussions could improve patients’ knowledge of what costs to
anticipate2,39,41,42,44 and connect patients with vital �nancial resources.43 Most patients express a desire
to discuss cost with their physicians.45–47 However, a rich body of research, including our own, shows
that cost discussions occur infrequently.48–50 In a study of video-recorded treatment discussions (n = 
103), we (Hamel et al. 2017) found that cost discussions occurred in only 45% of treatment discussions.
When cost was discussed, it was mostly patient-initiated (63%) and focused more on indirect costs (e.g.,
time off work) than on direct costs (e.g., copayments).48

In an attempt to increase patient awareness and communication about cost, the American Society of
Clinical Oncology (ASCO) developed tools, including ASCO Answers: Managing the Cost of Cancer Care;51

ASCO’s Value Framework;2 and ASCO’s Patient-Clinician Communication Consensus Guidelines.52 These
materials are intended to educate patients on the types of treatment costs they may incur, to encourage
physicians to discuss patient cost concerns directly, and refer patients to a social worker or �nancial
navigator, if needed. Unfortunately, ASCO’s current materials are static, text-heavy, and do not provide
patients with speci�c actions they can take to manage cost. Though they encourage discussions, the
guidelines are overly general and do not provide patients and physicians with speci�c strategies to
initiate such discussions.

Increasing patient active participation during oncology interactions has the potential to improve the
frequency and quality of patient-oncologist treatment cost discussions.53,54 Research on clinical
interactions in many medical settings shows patient active participation (e.g., asking questions,
expressing concerns, making assertions) plays an important role in short-, intermediate-, and long-term
outcomes.55,56 Patient active participation in�uences the amount of information physicians provide,57–59

the treatment physicians recommend,60 topics patients and physicians discuss,54,61,62 patient healthcare
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decisions,63 and patient psychosocial and physical health outcomes.64,65 In this proposal, we build on
prior research on patient active participation by providing education along with prompting for active
participation in clinical interactions. Research shows that, in the short term, cost education and patient-
oncologist discussions can improve patient self-e�cacy for managing cost,44,66 increase referrals for
support (e.g., social work),43 and reduce cost distress and perceived material hardship.67 Longer-term
effects include improved �nancial toxicity67 and treatment adherence.68

There is a great need for tools to improve patient treatment cost education and to prompt patient-
oncologist treatment cost discussions. Question prompt lists (QPLs) are communication tools designed
to enhance patient active participation in interactions with physicians. QPLs are lists of questions that
patients might consider asking their healthcare provider during a clinical interaction,62,69−72 and have
been shown to improve patient active participation in interactions,53 psychological outcomes (e.g.,
anxiety),61 cognitive outcomes (e.g., information recall),69 patients’ report of their role in treatment
decisions,70 and trust in their oncologist.69,71,72 Our own research demonstrated the success of QPLs in
increasing patient active participation among Black patients with cancer discussing treatment with
oncologists.53 We improve upon the effectiveness of currently published QPLs in three ways: 1) we
include education on issues of costs, so patients are aware of the need to ask questions about cost to
gain information and support; 2) we speci�cally address treatment costs in the list of questions; and 3)
we use an electronic format that is scalable and can be tailored to a speci�c patient’s needs. We propose
to address the limitations of current ASCO tools by increasing knowledge of costs and discussions
through an intervention comprised of an “app”-based educational video and QPL focused on treatment
cost. This tailorable69 app, DIScussions of COst App (DISCO App),73 was developed in collaboration with
survivors, clinicians, and a software development �rm, and pilot-tested in two outpatient oncology clinics.
Based on our community-engaged development process and pilot tests, we believe this app-based
intervention may be particularly effective in a diverse patient population. Smartphone/table technology
use is highly prevalent across racial/ethnic groups, ages, and income levels,74–78 as is willingness to use
these technologies for health interventions.79,80 Interventions tailored to an individual are also more
effective at prompting behavior change in diverse populations, compared to static interventions.81–83

Conceptual model. Financial toxicity is comprised of psychological and material economic burden, both
of which can contribute to poor treatment adherence and mortality. Our overall goal is to address the
burden of �nancial toxicity and work toward health equity through a tailorable education and
communication intervention. Our conceptual model (Fig. 1) illustrates our expectation that patient
baseline characteristics (e.g., socio-demographics, race, insurance type, clinical characteristics, self-
e�cacy in managing treatment cost and physician interactions, treatment cost knowledge) and the
DISCO App intervention, provided just prior to the second patient-oncologist interaction, will improve
short- and longer-term outcomes at three levels. At the patient level, short and longer-term outcomes
include: self-e�cacy for managing cost and physician interactions, treatment cost knowledge, perceived
�nancial toxicity [cost distress, material hardship], and actual �nancial toxicity. At the patient-physician
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interaction level outcomes include: patient active participation, frequency and quality of patient-initiated
cost discussions with the oncologist, and oncologists’ patient-centered communication. At the healthcare
utilization level, short-term outcomes include: social worker/�nancial navigation (SW/FN) referrals and
SW/FN referral uptake. Longer-term outcomes include: adherence to treatment and to clinic
appointments.

Study overview. The DISCO App73 is designed to improve patient awareness of potential treatment costs
and patient-oncologist treatment cost discussions, and, in turn, other outcomes. The current study will
test the DISCO App’s effectiveness on short- and longer-term patient outcomes (with and without the
addition of an intervention booster) through a longitudinal randomized controlled trial (RCT). More
speci�cally, the study is designed to achieve the following aims and test the following hypotheses:

Aim 1: Determine the effectiveness of the Discussions of Cost App (DISCO App) on short-term outcomes
at three levels:

a. patient (treatment cost knowledge, self-e�cacy for managing cost and physician interactions, and
perceived �nancial toxicity [cost distress, material hardship]);

b. patient-oncologist interaction (patient active participation; frequency and quality of patient-initiated
cost discussions with oncologists; oncologists’ patient-centered communication as observed in video
recordings); and

c. healthcare utilization (social work/�nancial navigation referrals, social work/�nancial navigation
referral uptake).

We hypothesize that:

H1a: The DISCO App will signi�cantly improve outcomes for all intervention patients as compared to
usual care patients, and

H1b: The DISCO App will signi�cantly improve outcomes for patient groups suffering the
disproportionate burden of disparities in the �nancial consequences of cancer care, speci�cally:

H1b1: Black patients will experience signi�cantly greater improvement than White patients;

H1b2: lower-income patients will experience signi�cantly greater improvement than higher-income
patients, and;

H1b3: younger patients will experience signi�cantly greater improvement than older patients.

Aim 2: Determine the effectiveness of the DISCO App on longer-term outcomes (�nancial toxicity,
treatment adherence, and clinic appointment adherence). We will compare longer-term outcomes across
arms.

We hypothesize that:
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H2a: Patients receiving the DISCO App + booster will experience the greatest improvement in outcomes,
followed by patients receiving the DISCO App, and last, usual care patients; and that

H2b: Patient groups suffering the disproportionate burden of disparities in the �nancial consequences of
cancer care will experience the greatest improvement in outcomes, speci�cally:

H2b1: Black patients will experience signi�cantly greater improvement than White patients;

H2b2: lower-income patients will experience signi�cantly greater improvement than higher-income
patients, and;

H2b3: younger patients will experience signi�cantly greater improvement than older patients.

Aim 3: Test potential mediators and moderators of the relationship between the short-term and longer-
term outcomes of the DISCO App.

H3: We hypothesize that the DISCO App will increase the frequency and quality of patient-initiated cost
discussions, which will increase social work/�nancial navigation referrals, social work/�nancial
navigation referral uptake, and patient self-e�cacy for managing treatment cost, which in turn will reduce
�nancial toxicity and improve adherence.

H4: We hypothesize that this relationship will be moderated by patient socio-demographic characteristics.

 

Methods And Design
Study design

This is a clinical trial involving a behavioral intervention focused on patients (with and without an
intervention booster), which will be evaluated with a longitudinal between-subjects randomized controlled
trial in which patients will be randomized to intervention or usual care groups, and outcomes are
compared between groups. All study procedures have been approved by Wayne State University’s (WSU)
IRB (IRB-20-2836). SPIRIT guidelines were used to report this protocol.84

Participants and setting

This trial will be conducted at WSU/Karmanos Cancer Institute (KCI), a NCI-designated comprehensive
cancer center located in Detroit, Michigan, USA, which serves a highly diverse population. We will recruit
up to 15 medical oncologists and medical oncology fellows at the beginning of data collection, prior to
patient recruitment. Medical oncologists are eligible to participate if they treat patients with breast,
prostate, lung, or colorectal cancers at KCI. To recruit oncologists, research staff will explain the study at
clinic program meetings and meet with interested oncologists individually to answer questions and
obtain consent. Oncologists who consent will agree to 1) complete a baseline survey, 2) inform (or
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designate a clinical member of the study team to inform) their eligible new patients (via a phone call, e-
mail, or face-to-face conversation) about the study prior to their initial appointment to discuss treatment,
3) have interactions with participating patients video recorded, and 4) complete a brief survey following
interactions with participating patients. Upon recruitment, oncologists will receive a “tip sheet” to help
prepare them for treatment cost discussions with patients (Figure 4). Oncologists will continue their
participation throughout the study period (approximately 4 years), and they will receive a $30 gift card
upon consent for their participation in the study.

We will recruit up to 240 (120 men, 120 women) White and Black patients from various socioeconomic
statuses, and ages. Patients are eligible if they are > 18 years of age, identify as either Black or White, are
able to read and write in English, have an email account, and are newly diagnosed with breast, prostate,
lung or colorectal cancer (stage I-IV) for which systemic therapy is a likely recommended treatment.
Strata will be created to ensure recruited patients vary by race, income, age, and sex. Eligible patients will
be identi�ed by research staff who will review participating oncologists’ schedules weekly. Patients will
be contacted via phone call, face-to-face, or email from the participating oncologist’s clinical staff to
inform them of the study and assess interest. If interested, patients will be contacted by research staff via
a phone call or in person in the clinic prior to a scheduled appointment. The research staff member will
explain the study and obtain consent and collect baseline data. Patient participants will be 1) asked to
arrive 30 minutes early to their next scheduled appointment with their oncologist, 2) randomized to one of
the study arms, 3) asked to complete a brief survey following the video-recorded interactions with a
participating oncologist, 4) asked to have up to two of their clinical interactions video recorded, and 5)
asked to complete up to four follow-up surveys at 1, 3, 6, and 12 months after their last video-recorded
interaction. All patients will provide baseline socio-demographic information at the time of consent. We
will ask patients for their preferred method of contact for follow-up surveys.

Procedures

Just prior to the second patient-oncologist visit to �nalize treatment plans, but before treatment begins,
using data collection software (Qualtrics), a research assistant will randomize patients into one of three
study arms. Patients in Arm 1 will receive usual care, patients in Arm 2 will receive the intervention, and
patients in Arm 3 will receive the intervention and an intervention booster. Patients in Arms 2 and 3 will
receive the DISCO App. Patients in Arm 3 will receive an intervention booster provided two months after
receiving the DISCO App. For all patients, we will video record the second patient-oncologist interactions
using our established, unobtrusive video recording system.48,53,85,86

Just before the second patient-oncologist interaction, patients in Arms 2 and 3 will access the DISCO
App73 on an iPad. Our research demonstrates that patients are comfortable with iPads, especially if they
are assisted.53,87 Research assistants will show patients the DISCO App with an explanation, instructions,
and demonstration. Staff will be trained NOT to answer questions nor discuss cost, but to encourage
patients to ask questions during their clinical interaction. These meetings will be audio-recorded to
assess �delity to the protocol. Based on feasibility data from our pilot study, we anticipate that using the
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DISCO App will take <20 minutes. Since patients in Arms 2 and 3 may bring the print out and/or iPad into
the interaction, oncologists will not be blind to study arm. Thus, we will give patients in Arm 1 treatment
information on a printout for their meeting with their oncologist. Immediately after the recorded
interactions, patients and oncologists will complete brief surveys assessing any cost discussions that
occurred. Patients in Arms 2 and 3 will also complete assessments of the DISCO App (e.g. “The app
helped me ask my treatment cost questions”) after the second interaction.

All patients will be contacted via their preferred method of contact to complete follow-up measures
including questions about their disease and treatment status, whether they received a referral for SW/FN,
if they followed up on that referral, self-e�cacy managing treatment cost, perceived short-term �nancial
toxicity (perceived material hardship and cost distress) in the �rst follow-up, actual �nancial toxicity in
the remaining follow-ups, and treatment adherence. Follow-up will occur at 1, 3, 6, and 12 months after
the second recorded interaction. Patients who receive the intervention booster will also complete booster
assessments (e.g. “The email reminded me of helpful information”).

Intervention

The DISCO App

The DISCO App (Figure 3) is displayed on an iPad provided to intervention patients in a private room just
prior to their second interaction with their oncologist to discuss and �nalize treatment plans. The DISCO
App opens with an introduction screen. First, patients watch a 3-minute educational video featuring a
communication scientist, medical oncologist and a patient using the DISCO App. The video summarizes
the types of treatment costs patients may incur (e.g., copayments, transportation/parking costs, time
away from work) and ways to manage those costs (e.g., talk with an oncologist or social worker, contact
pharmaceutical companies, seek clari�cation from insurance provider). The video ends by emphasizing
to patients that the best way to start managing treatment costs is to discuss them with their oncologist
who can answer their questions or refer them to someone who can assist. Second, after the video, the
QPL is introduced with the following text: “There is a lot to consider when it comes to treating cancer. One
thing many patients don’t think about is the cost of treatment and other expenses.” The text continues to
explain that the DISCO App includes a short survey, which will lead to some cost-related questions the
patient can consider asking the oncologist. This section asks patients to enter their demographic
information and their �nancial characteristics. Speci�cally, patients respond to 17 questions (e.g., “How
much do you know about your insurance coverage?”, “Are you currently employed?”, “Is there anyone who
helps you when you’re sick or need help of any kind?”). Based on patient responses, an individually-
tailored QPL with up to 18 cost-related questions in 7 categories is generated (Table 1). For example,
patients who indicate they are employed will be prompted to ask: “Can I schedule my treatment around
my job?”, patients who indicate transportation concerns will be prompted to ask: “are services available if
I can’t �nd someone to drive me?”, Patients who indicate they are unfamiliar with their insurance
coverage will be prompted to ask: “Is there someone I can talk to about my insurance and treatment cost
questions?” All patients will be provided with four diagnosis questions (e.g., “What is my diagnosis?”),
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have the option of adding in any of their own questions, and then either take the iPad or a printed
question list into the meeting with the oncologist. Thus, the DISCO App arms patients with concrete
information about the types of out-of-pocket and indirect costs they may incur while undergoing
treatment, speci�c actions they can take to begin to address those costs, and a list of individually tailored
cost-focused questions they can take with them to the clinic visit to ask their oncologist. This information
and individualized prompting is something few patients with cancer currently receive, on any topic.

Financial toxicity is multifaceted and long-term. We expect the DISCO App to in�uence short-term
outcomes, but we expect it may need reinforcement to in�uence longer-term outcomes (e.g., �nancial
toxicity, treatment adherence). Thus, we will explore the effects of a booster to reinforce the effects of the
DISCO App. Patients in Arm three will receive the booster two months after receiving the DISCO App. The
booster will be a tailored email or text message reminding patients of 1) the content in the educational
video, 2) the questions they selected, and 3) that treatment costs are something they can discuss with
their oncologist.

Table 1. The DISCO App’s Prompted Questions by Question Type
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Cost of appointments and treatments

1. How much will I have to pay for my treatment?

2. Is there a less expensive drug, like a generic, that will be equally effective?

3. How many visits will I have? I may have to pay each time I come to the cancer center (co-pay,
parking, etc.).

4. What happens if I can’t pay for some of my treatment costs?

Help with understanding my treatment costs and what my insurance covers

5. Do I need additional or supplemental insurance coverage?

6. Do I have a co-pay every time I come to the cancer center?

7. Is there someone I can talk to about my questions about my insurance and treatment costs?

Transportation to and parking at the cancer center

8. Does someone need to drive me to treatment appointments?

9. Are services available if I can’t �nd someone to drive me?

10. How much does parking cost?

Living far from the cancer center

11. Is it possible for me to receive my treatment closer to where I live?

12. Are there free or reduced-cost hotels nearby for me and my family?

Working during treatment

13. Can I keep working during treatment? If not, when can I go back to work?

14. Can I schedule my treatment around my job?

15. Do I need to �le Family and Medical Leave Act (FMLA) paperwork? If so, how?

Assistance programs

16. Are assistance programs available to help me with treatment costs or other expenses or needs?

17. If I need a wig or other supplies, is there somewhere I can get them free or at a reduced cost?

Family and living responsibilities

18. Can I schedule my treatment around my family’s schedule?

General questions about cancer and treatment (all patients will get these)

19. What is my diagnosis and stage?

20. Is it possible to cure my cancer?

21. What is my treatment plan?



Page 12/30

22. Are there clinical trials I can participate in? I fso, will this cost more or less than standard
treatment?

Oncologist Tip Sheet

During DISCO App73 acceptability testing, some participants thought the DISCO App would be useful for
patients to prompt treatment cost discussions with their oncologist and gain important information for
their treatment. However, they expressed the concern that oncologists may be unprepared to answer cost
questions. In response, we designed an oncologist “tip sheet,” which emphasizes oncologists’ role in cost
discussions (as recommended by ASCO) and provides ways to overcome identi�ed barriers to cost
discussions (Figure 4).88,89 For example, oncologists report concern that they will be unable to answer
questions about treatment costs. It is impractical to expect oncologists to know the complexities of
treatment cost so the tip sheet provides language, including “if a patient asks about cost and you do not
know the answer, you can simply say: “I’m glad you brought this up, because it’s important for me to
know what concerns you have about your treatment. I’m not an expert in this area, but if you have
questions about costs, I can arrange for you to meet with a social worker who can help after we’re done
here.’”104

We designed the tip sheet to be a two-sided, tri-fold document that �ts in physicians’ white lab coats.

Intervention Booster

Two months after receiving the DISCO App, patients in Arm 3 will receive an intervention booster. The
booster will be an email or text message (depending on patient preference) to remind patients 1) of the
content in the education video, 2) the questions they selected from the DISCO App, and 3) that treatment
costs are something they can discuss with their oncologist or other providers. The email or text message
will include a “Read Receipt” so we can track whether patients view the email or text message.

Measures

Data include patient and oncologist self-report, video-recorded patient-oncologist treatment discussions,
and medical chart data. Video recording allows us to use our validated coding systems48,53,90 to assess
outcomes that occur during the interaction.

Most of the measures in this study have been used with cancer patients, including in the DISCO App’s
feasibility pilot, with high completion rates and few complaints about burden. However, the �rst ten
patients who complete all measures will be speci�cally queried about burden. Measures will be adjusted
if necessary.

Baseline measures.Baseline measures from patients and oncologists will be used as moderators and
covariates in analyses of the intervention’s effects. Patients: After providing consent, patients will provide
socio-demographics including age, race/ethnicity, gender, education, marital/personal status, income,
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employment, and �nancial situation (e.g., It is di�cult for me to live on my total household income right
now).15 They will also complete measures eliciting their diagnosis, their recommended treatment (if
known), insurance type, their self-e�cacy in patient-physician interactions (PEPPI a=.91, e.g., How
con�dent are you in your ability to know what questions to ask your doctor?), patient-practitioner
orientation (e.g., The doctor is the one who should decide what gets talked about during a visit), their self-
e�cacy in managing cost of treatment (adapted from a validated scale, e.g., I am con�dent I can pay for
the direct costs of my treatment),126 their level of treatment cost distress (e.g., I am concerned about how
much my cancer treatment will cost me), and their anticipated material hardship due to their cancer
treatment (e.g., I know that I have enough money in savings, retirement, or assets to cover the costs of my
treatment).91Oncologists: After providing consent, oncologists will complete a one-time assessment of
their socio-demographic and professional information, including race/ethnicity, gender, age and years in
practice. Oncologists will also complete measures of patient-practitioner orientation (e.g., The doctor is
the one who should decide what gets talked about during a visit), their perceptions of the oncologists’ role
in treatment cost discussions (e.g., Oncologists should be discussing treatment cost with their patients),
and their self-e�cacy with discussing treatment cost.

Medical records: We will use patients’ medical records to abstract information on cancer diagnosis, co-
morbidities, and their zip code.

Level 1: Patient Outcome Measures:Immediately after the video-recorded interactions, patients will
complete the following measures: self-e�cacy in patient-physician interactions,127 self-e�cacy in
managing cost of treatment,126 knowledge of types of treatment cost (e.g., Cancer treatment may cost
me in the following ways), and ways to manage those costs (e.g., The following are ways I can manage
treatment cost), perceived �nancial toxicity, comprised of treatment cost distress (5-items, e.g., I am
worried about how much my cancer treatment will cost) and perceived material hardship (7-items, e.g., Do
you anticipate having to borrow money to pay for cancer treatment? Do you anticipate having to take
unpaid time off from work for treatment?).15 Intervention patients will also provide perceptions of the
DISCO App after the interaction (5 items, e.g., The DISCO App helped me ask my doctor my cost
questions).92

At the 1, 3, 6, and 12 month follow-ups, patients will be contacted via their preferred method by research
staff to complete measures on their disease and treatment status (e.g., disease status, type of treatment)
to help account for any differences observed in the outcome measures. Patients will also complete
measures assessing self-e�cacy in patient-physician interactions,127 self-e�cacy in managing cost of
treatment,126 their employment status, and actual �nancial toxicity using the 11-item COST scale (a=.90,
e.g., My out-of-pocket medical expenses are more than I thought they would be).128 At the three month
follow-up, patients who received the booster will be asked if they received the booster and their
perceptions (e.g., The reminder email or text message was helpful with my cost questions and concerns).
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Level 2: Patient-Oncologist Interaction Outcome Measures:Immediately after the video-recorded
interactions, patients and oncologists will complete measures of perceived presence of treatment cost
discussion(s) (3 items, e.g., Did you and your oncologist (patient) discuss the cost of your (his/her)
cancer treatment today?) and satisfaction with treatment cost discussion(s) (3 items, e.g., I am satis�ed
with how my oncologist (patient) and I discussed treatment cost today).

Observational measures: Trained research assistants (RAs), blind to research questions, will observe and
rate video-recorded interactions using our established procedures to ensure acceptable inter-rater
reliability.48,53,93-95 To assess the frequency and quality of a cost discussion, RAs will determine if a
treatment cost discussion occurred (e.g., any verbal expression of perceived direct or indirect costs for the
patient for cancer treatment), who initiated the cost discussion (e.g., patient, oncologist), and what topics
were discussed (e.g., insurance, transportation, etc.).48 RAs will also rate the quality of the interaction
through assessing patient active participation (e.g., the patient asked a lot of questions)90 and
oncologists’ patient-centered communication (12 items, a=.75, e.g., the doctor encouraged the patient to
express concerns and worries).90 Another team of trained RAs will assess if the DISCO App or printout is
present and/or used53 and interaction length.53

Level 3: Health Utilization Outcomes:Immediately after the video-recorded interactions, patients will
complete measures of: whether they wanted and/or received a SW/FN referral, and, if so, if they followed
up on the referral.

Oncologists will complete measures on whether they made a SW/FN referral for the patient.

At the 1, 3, 6, and 12 month follow-ups, patients will be contacted by their preferred method of contact by
research staff to complete measures, including whether they wanted a SW/FN referral, and if so, whether
they followed up on that referral, treatment adherence (Medical Outcomes Study General Adherence, e.g., I
had a hard time doing what the doctor suggested I do for treating my cancer) and treatment cost-related
adherence (e.g., Was there a time in the past 12 months when you needed to see a doctor for your cancer
but could not because of cost?),131 and clinical appointment adherence.

Using medical records, we will assess whether the oncologist made a SW/FN referral, and, if so, if the
patient followed up on the referral, treatment adherence, and clinic appointment adherence.

Sample size calculation/analyses

For the �rst primary objective (A, B, C in Figure 5), we expect that the presence of a cost discussion will
in�uence the other outcomes. Thus, the presence of cost discussions was used to estimate the sample
size and power justi�cation for other outcomes. The rates of occurrence for cost discussions and SW/FN
referrals will be calculated and the outcomes will be compared between usual care (Arm 1) vs. both
DISCO App and DISCO App + booster (Arms 2+3). The sample size ratio was assumed to 1:2 since Arms
2 and 3 will be the same in the intervention evaluation. We are employing a between-subjects design with
patients nested within oncologists (e.g., accounting for oncologists seeing multiple patients). The unit of
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analysis is the patient-oncologist interaction and data from these interactions will likely be more similar
within oncologists than between oncologists. Thus, we used multi-linear models (MLM) with a binary
outcome (i.e., discussed cost or did not discuss cost) to determine the sample size justi�cation and
power analyses using an MLM cluster-randomized design for two proportions.96,97 The effect of intra-
cluster correlation (ICC) was further examined using ICC estimation from the random intercept logistic
model.139 Based on our previous observational study,48 we assume that the ICC will be ≤0.04 (hereafter,
for the sake of the worst scenario and the sample size estimation, we assumed that ICC is zero, which
produces the largest sample size) and the rate of cost discussions without the DISCO App will be 45%.
Our pilot study found that the cost discussion rate with the DISCO App is 100% (95% CI, 0.86 to 1). Based
on �ndings from our observational and pilot studies, in this study, we expect that the rate of cost
discussions will be at least 75% with the DISCO App, and the minimally meaningful difference between
two groups will be 30%.48,98 We consider each oncologist a “block” and assume a Bonferroni-corrected 2-
sided 1.7% level (= 5%/3 primary endpoints). Thus, 180 patients (10 oncologists X 3 arms × 6 patients)
will achieve at least 90% power to detect 30% difference in the rate between two arms. This is also what
we will need to detect a difference in the primary outcome at the healthcare utilization level (SW/FN
referral). A total of 180 patients will allow us to detect an effect size of ≥0.58 for the patient-level
outcome (self-e�cacy for managing treatment cost) with 90% power at a 2-sided 1.7% level. With 20%
attrition, we will need 240 (10 oncologists x 3 arms x 8 patients) patients to maintain a balanced design.

For �rst, second, and third secondary objectives (i.e., interactions by each of race (Black [B] vs. White[W]),
income (high vs. low), and age (<65 vs. ≥65)) (D, E, F in Fig. 4), 180 patients will produce more than 89%
power to detect any of three interactions for binary outcomes when the group proportions under the
alternative hypothesis are 0.45, 0.45, 0.45, and 0.75 (e.g., for Arm1-W, Arm 1-B, Arms 2-3-W, Arms 2-3-B,
respectively) using a z-test from a GEE analysis of a logistic model at a 2-sided 1.7% level. This will allow
us to detect an interaction difference of at least 1.64 for continuous outcomes with 90% power at a 2-
sided 1.7% level when an estimated SD of subjects is one.

For the fourth secondary objective (G, H, I, J, K in Fig. 4), 180 patients will allow us to detect a difference
of at least 0.23 between two proportions for binary outcomes as well as to detect an effect size of at
least 0.72 for continuous outcomes with 90% power at a 2-sided 0.1% level.

For the second primary objective (L, M, N in Fig. 4), outcomes will be measured at 5 time points (baseline,
1, 3, 6, 12 months post intervention) and the power was justi�ed using longitudinal logistic and
continuous MLM. 180 patients will have 90% power to detect a difference of 0.18 in slopes for
continuous outcomes as well as to detect a difference of at least 0.13 for binary outcomes between Arms
2+3 vs. Arm 1 at a 2-sided 1.7% level when the autocorrelation is assumed to be zero.

For the �fth secondary objective (O in Fig. 4), 180 patients will allow us to detect an interaction between
race and slope of at least 0.52 for continuous outcomes with 90% power at a 2-sided 1.7% level. A total of
180 patients will produce more than 90% power to detect any interactions with race for binary outcomes
when the group proportions under the alternative hypothesis are 0.45, 0.45, 0.45, and 0.75 (e.g., for Arm1-
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W, Arm 1-B, Arms 2-3-W, Arms 2-3-B, respectively) using a normal test from a generalized estimating
equations (GEE) analysis at a 2-sided 1.7% level when the autocorrelation is assumed to be zero.

For the sixth secondary objective (P, Q, R in Fig. 4), 180 patients will give us 90% power to detect a
difference in slopes for continuous outcomes between Arm 3 vs. Arm 2 of 0.21 at a 2-sided 1.7% level.
These patients will allow us to detect a difference of at least 0.16 for binary outcomes between Arms 3
vs. Arm 2 at a 2-sided 0.9% level when the autocorrelation is assumed to be zero.

All sample size and power justi�cations were performed by PASS 2020 (NCSS LLC, Kaysville, UT, USA).
The primary analyses will be based on complete data without missing values. As a sensitivity analysis,
we will also perform the hypothesis testing after multiple imputation. For time-independent variables (e.g.,
baseline attributes), multiple imputation will be performed using chained equations (MICE)99 and for the
time-dependent variables, Amelia II will be used to consider time trends of a variable.100,101

Discussion
This research is highly signi�cant in several ways. First, if successful, reducing the material and
psychological burden of �nancial toxicity will improve quality of cancer care. Second, the intervention can
easily be adapted to other cancers, where expensive treatments are emerging. Third, this research will
provide empirical data regarding the mechanisms through which treatment cost discussions and other
aspects of clinical communication improve patient outcomes related to �nancial toxicity. Finally, this
research directly addresses disparities in cancer care by improving communication quality for patient
groups suffering the disproportionate burden of disparities in the �nancial consequences of cancer care. 

This study is not without potential limitations. One of these is the focus on oncologists, rather than or in
addition to other providers, such as nurses and social workers, who are instrumental to helping patients
navigate the �nancial issues related to treatment and survivorship. However, we focus on oncologists
because they, with their patients, make the �nal treatment decisions that have the greatest in�uence on
�nancial consequences. Also, patients consider physicians to be their primary and preferred source of
information. Second, it is possible that some patients may not be comfortable using iPads. However, our
feasibility testing and the prevalence of smartphones and app usage in this population, lead us to believe
this will be of limited concern.79,87,102 The app-based nature of this intervention enhances its scalability
and dissemination. Third, given the multiple patient follow-ups, attrition is a concern. We will employ
several strategies to keep attrition to a minimum.53,56,93,103 First, we will compensate patients up to $150
in gift cards, which they will receive in increments. Patients will receive $20 after each video-recorded
interaction and after the �rst three follow-up surveys. As a further incentive, they will receive $50 after
they complete the �nal follow-up survey. Second, patients will receive email and text reminders two days
before each survey, depending on their preference for contact. Third, because of concern about patient
burden, we will keep measures to a minimum. Last, we will monitor for attrition and adjust our methods if
needed. These recruitment and retention procedures have been quite successful in our prior
studies.53,85,93
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Dissemination

Our research team is well positioned to disseminate our preliminary and �nal �ndings. We have ongoing
collaborations with several community-based cancer education and advocacy groups through KCI’s
O�ce of Cancer Health Equity and Community Engagement (OCHECE). These groups, called Cancer
Action Councils (CAC), are located throughout Metro Detroit and CAC members served as key informants
at the earliest stages of the DISCO App’s development. Dr. Hamel (�rst author/PI) is also a member of the
Michigan Cancer Consortium (MCC), a statewide, broad-based partnership of public and private
organizations that provides a forum for collaboration to reduce the burden of cancer among the residents
of Michigan. Dr. Hamel is also an active member of several professional organizations including ASCO,
the American Academy of Communication in Healthcare/European Academy of Communication in
Healthcare (AACH/EACH), and the Society of Behavioral Medicine (SBM).

Once we demonstrate the DISCO App’s effectiveness, we can disseminate our �ndings to community-,
state-, and nationally-focused organizations, in addition to presenting our interim and �nal �ndings to
academic conferences and high-impact scienti�c journals. Furthermore, the DISCO App is a product and,
if found to be effective, we are in a position to disseminate the DISCO App in KCI’s out-patient clinics
across the state of Michigan, thus contributing an evidence-based tool to reduce �nancial toxicity in
diverse populations.

Data monitoring:

A data monitoring committee (DMC) comprised of the principal investigator and co-investigators will
monitor all self-report, video, observational, and medical record data throughout the duration of the study.
The DMC will operate independently from the funder. The biostatistician on this study will conduct
interim analyses quarterly. All adverse events will be reported to WSU’s IRB. The principal investigator will
be responsible for all aspects of the trial and will make the �nal decision when to end the trial.

All data �les will be stored on a network server at the KCI/WSU in the Department of Oncology. Only the
WSU staff listed in the application will have access to the �les and at no time will data �les be shared
with collaborators outside the institution. The KCI/WSU network server utilizes hardware-based
encryption at the level of the hard drives. Approved domain users are granted project speci�c permission
on the server folders.

The server is backed up to an off-site software encrypted disk-based backup solution. Dr. Hamel’s
computer and network server are protected under the same CISCO �rewall. 
The recordings will be kept in a locked �le cabinet in KCI’s Behavioral and Field Research Core’s editing
suite (which is also locked whenever unoccupied). Patient medical record numbers will be assigned a
study ID number in a master key, and study IDs will be used on all research documents. Only the principal
investigator, co-investigators, and data manager will have access to the master key, which will be locked
in password protected computers as described. We assure that any publications and presentations of the
data will not allow for the identi�cation of patients, hospitals or physicians.
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Trial status

Protocol # 2020-117 was approved October 21, 2020 by Karmanos Cancer Institute’s Protocol Review and
Monitoring Committee and approved December 17, 2020 by Wayne State University’s Institutional Review
Board (# IRB-20-10-2836-B3).

Recruitment began March 10, 2021 and will continue until approximately September 30, 2023.

Abbreviations
American Academy of Communication in Healthcare/European Academy of Communication in
Healthcare (AACH/EACH)

American Society of Clinical Oncology (ASCO)

Cancer Action Councils (CAC)

Data monitoring committee (DMC)

DIScussions of COst App (DISCO App)

Generalized estimating equations (GEE)

Intra-cluster correlation (ICC)

Karmanos Cancer Institute (KCI)

Multi-linear models (MLM)

O�ce of Cancer Health Equity and Community Engagement (OCHECE)

Question prompt lists (QPLs)

Randomized controlled trial (RCT)

Research assistants (RAs)

Social worker/�nancial navigation (SW/FN)

Society of Behavioral Medicine (SBM)

Wayne State University’s (WSU)

Declarations
Ethics approval and consent to participate



Page 19/30

Ethical approval, including patient and physician consent to participate, for this study was granted by the
Wayne State University institutional review board (IRB # IRB-20-10-2836-B3).

Consent for publication

Not applicable

Availability of data and materials

Not applicable

Competing interests

The authors declare that they have no competing interests.

Funding

This study is funded by an American Cancer Society Research Scholar Health Equity Grant (134604-RSG-
20-026-01-CPHPS, Hamel, PI). The American Cancer Society (Cancer.org) was not involved in study
design, data collection, execution of the trial, analysis, interpretation of the data, decision to submit
results or writing of the report. The corresponding author will have full access to the data in the study and
has the �nal responsibility for the decision to submit for publication.

Authors’ contributions:

Conception and design: LH, SK, SE

Revision of study design and protocol: LH, DD, SK, EH, LM, ET, RH, SE

Study coordination: LH, LM, ET, SE

Acquisition of data and patient recruitment: LH, EH, LM, SE

Data management and statistical analysis: LH, SK, LM

Obtaining funding and supervision: LH, SE

Drafting the manuscript: All authors

Revision of, adaption of and �nal approval of manuscript: All authors

Accountable for all aspects of the work: All authors

Acknowledgements:

Not applicable



Page 20/30

References
1. Altice CK, Banegas MP, Tucker-Seeley RD, et al. Financial hardships experienced by cancer survivors:

A systematic review. J Natl Cancer Inst 2017,109.

2. Schnipper LE, Davidson NE, Wollins DS, et al. Updating the American Society of Clinical Oncology
Value Framework: Revisions and re�ections in response to comments received. J Clin Oncol
2016,34:2925-34.

3. Zafar SY, Peppercorn JM, Schrag D, et al. The �nancial toxicity of cancer treatment: a pilot study
assessing out-of-pocket expenses and the insured cancer patient's experience. Oncologist
2013,18:381-90.

4. American Cancer Society Cancer Action Network. A National Poll: Facing Cancer in the Health Care
System. 2010.

5. Zafar SY, McNeil RB, Thomas CM, et al. Population-based assessment of cancer survivors' �nancial
burden and quality of life: a prospective cohort study. J Oncol Pract 2015,11:145-50.

�. Mariotto AB, Yabroff KR, Shao Y, et al. Projections of the cost of cancer care in the United States:
2010-2020. J Natl Cancer Inst 2011,103:117-28.

7. The Kaiser Family Foundation. 2015 Employer Health Bene�ts Survey. http://kff.org/health-
costs/report/2015-employer-health-bene�ts-survey/2015.

�. American Society of Clinical Oncology. The State of Cancer Care in America, 2016: A Report by the
American Society of Clinical Oncology. J Oncol Pract 2016.

9. PricewaterhouseCoopers. Medical cost trend: Behind the numbers 2016.
https://www.pwc.com/us/en/health-industries/behind-the-numbers/assets/pwc-hri-medical-cost-
trend-chart-pack-2016.pdf2016.

10. Collins SR, Rasmussen PW, Doty MM, etal. Americans' experiences with marketplace and medicaid
coverage. Findings from the Commonwealth Fund Affordable Care Act Tracking Survey, March-May
2015. Issue Brief (Commonw Fund) 2015,16:1-17.

11. Guy GP, Jr., Ekwueme DU, Yabroff KR, et al. Economic burden of cancer survivorship among adults in
the United States. J Clin Oncol 2013,31:3749-57.

12. Ramsey S, Blough D, Kirchhoff A, et al. Washington State cancer patients found to be at greater risk
for bankruptcy than people without a cancer diagnosis. Health Aff (Millwood) 2013,32:1143-52.

13. Bernard DS, Farr SL, Fang Z. National estimates of out-of-pocket health care expenditure burdens
among nonelderly adults with cancer: 2001 to 2008. J Clin Oncol 2011,29:2821-6.

14. Meneses K, Azuero A, Hassey L, et al. Does economic burden in�uence quality of life in breast cancer
survivors? Gynecol Oncol 2012,124:437-43.

15. Shankaran V, Jolly S, Blough D, et al. Risk factors for �nancial hardship in patients receiving adjuvant
chemotherapy for colon cancer: a population-based exploratory analysis. J Clin Oncol 2012,30:1608-
14.



Page 21/30

1�. Sasser AC, Rousculp MD, Birnbaum HG, et al. Economic burden of osteoporosis, breast cancer, and
cardiovascular disease among postmenopausal women in an employed population. Womens Health
Issues 2005,15:97-108.

17. Sharp L, Carsin AE, Timmons A. Associations between cancer-related �nancial stress and strain and
psychological well-being among individuals living with cancer. Psychooncology 2013,22:745-55.

1�. Chino F, Peppercorn J, Taylor DH, Jr., et al. Self-reported �nancial burden and satisfaction with care
among patients with cancer. Oncologist 2014,19:414-20.

19. Delgado-Guay M, Ferrer J, Rieber AG, et al. Financial distress and its associations with physical and
emotional symptoms and quality of life among advanced cancer patients. Oncologist 2015,20:1092-
8.

20. Zullig LL, Peppercorn JM, Schrag D. Financial distress, use of cost-coping strategies, and adherence
to prescription medication among patients with cancer. J Oncol Pract 2013,9:60s-3s.

21. Jagsi R, Pottow JA, Gri�th KA, et al. Long-term �nancial burden of breast cancer: experiences of a
diverse cohort of survivors identi�ed through population-based registries. J Clin Oncol 2014,32:1269-
76.

22. Pisu M, Azuero A, Meneses K, et al. Out of pocket cost comparison between Caucasian and minority
breast cancer survivors in the Breast Cancer Education Intervention (BCEI). Breast Cancer Res Treat
2011,127:521-9.

23. Pisu M, Kenzik KM, Oster RA, et al. Economic hardship of minority and non-minority cancer survivors
1 year after diagnosis: another long-term effect of cancer? Cancer 2015,121:1257-64.

24. Bradley CJ, Wilk A. Racial differences in quality of life and employment outcomes in insured women
with breast cancer. J Cancer Surviv 2014,8:49-59.

25. Ramsey SD, Bansal A, Fedorenko CR, et al. Financial insolvency as a risk factor for early mortality
among patients with cancer. J Clin Oncol 2016,34:980-6.

2�. de Boer AG, Taskila T, Ojajarvi A, et al. Cancer survivors and unemployment: a meta-analysis and
meta-regression. JAMA 2009,301:753-62.

27. Pisu M, Azuero A, Benz R, et al. Out-of-pocket costs and burden among rural breast cancer survivors.
Cancer Med 2017,6:572-81.

2�. Neumann PJ, Palmer JA, Nadler E, et al. Cancer therapy costs in�uence treatment: a national survey
of oncologists. Health Aff (Millwood) 2010,29:196-202.

29. Meropol NJ, Wong YN, Albrecht T, et al. Randomized trial of a web-based intervention to address
barriers to clinical trials. J Clin Oncol 2016,34:469-78.

30. Wong YN, Schluchter MD, Albrecht TL, et al. Financial concerns about participation in clinical trials
among patients with cancer. J Clin Oncol 2016,34:479-87.

31. Wong YN, Egleston BL, Sachdeva K, et al. Cancer patients' trade-offs among e�cacy, toxicity, and
out-of-pocket cost in the curative and noncurative setting. Med Care 2013,51:838-45.



Page 22/30

32. Markman M, Luce R. Impact of the cost of cancer treatment: an internet-based survey. J Oncol Pract
2010,6:69-73.

33. Weckstein DJ, Thomas CA, Emery IF, et al. Assessment of perceived cost to the patient and other
barriers to clinical trial participation. J Oncol Pract 2011,7:330-3.

34. Dusetzina SB, Winn AN, Abel GA, et al. Cost sharing and adherence to tyrosine kinase inhibitors for
patients with chronic myeloid leukemia. J Clin Oncol 2014,32:306-11.

35. Neugut AI, Subar M, Wilde ET, et al. Association between prescription co-payment amount and
compliance with adjuvant hormonal therapy in women with early-stage breast cancer. J Clin Oncol
2011,29:2534-42.

3�. Kent EE, Forsythe LP, Yabroff KR, et al. Are survivors who report cancer-related �nancial problems
more likely to forgo or delay medical care? Cancer 2013,119:3710-7.

37. Lin CC, Bruinooge SS, Kirkwood MK, et al. Association between geographic access to cancer care,
insurance, and receipt of chemotherapy: geographic distribution of oncologists and travel distance. J
Clin Oncol 2015,33:3177-85.

3�. Streeter SB, Schwartzberg L, Husain N, et al. Patient and plan characteristics affecting abandonment
of oral oncolytic prescriptions. J Oncol Pract 2011,7:46s-51s.

39. Bath C. Disclosing medical costs can help avoid '�nancial toxicity'. ASCO Post 2013.

40. Schnipper LE, Davidson NE, Wollins DS, et al. American Society of Clinical Oncology Statement: A
conceptual framework to assess the value of cancer treatment options. J Clin Oncol 2015,33:2563-
77.

41. Ubel PA. Doctor, �rst tell me what it costs. New York Times, November 3, 2013.

42. Ubel PA, Abernethy AP, Zafar SY. Full disclosure--out-of-pocket costs as side effects. N Engl J Med
2013,369:1484-6.

43. Smith SK, Nicolla J, Zafar SY. Bridging the gap between �nancial distress and available resources for
patients with cancer: a qualitative study. J Oncol Pract 2014,10:e368-72.

44. Carrera PM, Kantarjian HM, Blinder VS. The �nancial burden and distress of patients with cancer:
Understanding and stepping-up action on the �nancial toxicity of cancer treatment. CA Cancer J Clin
2018,68:153-65.

45. Bullock AJ, Hofstatter EW, Yushak ML, et al. Understanding patients' attitudes toward
communication about the cost of cancer care. J Oncol Pract 2012,8:e50-8.

4�. Irwin B, Kimmick G, Altomare I, et al. Patient experience and attitudes toward addressing the cost of
breast cancer care. Oncologist 2014,19:1135-40.

47. Jagsi R, Ward KC, Abrahamse PH, et al. Unmet need for clinician engagement regarding �nancial
toxicity after diagnosis of breast cancer. Cancer 2018,124:3668-76.

4�. Hamel LM, Penner LA, Eggly S, et al. Do patients and oncologists discuss the cost of cancer
treatment? An observational study of clinical interactions between African American patients and
their oncologists. J Oncol Pract 2017,13:e249-e58.



Page 23/30

49. Ubel PA, Zhang CJ, Hesson A, et al. Study of physician and patient communication identi�es missed
opportunities to help reduce patients' out-of-pocket spending. Health Aff (Millwood) 2016,35:654-61.

50. Jagsi R, Sulmasy DP, Moy B. Value of cancer care: ethical considerations for the practicing
oncologist. Am Soc Clin Oncol Educ Book 2014:e146-9.

51. ASCO Answers. Managing the Cost of Cancer Care. 2015, Alexandria, VA.

52. Gilligan T, Coyle N, Frankel RM, et al. Patient-clinician communication: American Society of Clinical
Oncology Consensus Guideline. J Clin Oncol 2017,35:3618-32.

53. Eggly S, Hamel LM, Foster TS, et al. Randomized trial of a question prompt list to increase patient
active participation during interactions with black patients and their oncologists. Patient Educ Couns
2017,100:818-26.

54. Clayton JM, Butow PN, Tattersall MH, et al. Randomized controlled trial of a prompt list to help
advanced cancer patients and their caregivers to ask questions about prognosis and end-of-life care.
J Clin Oncol 2007,25:715-23.

55. Street RL, Jr., Makoul G, Arora NK, et al. How does communication heal? Pathways linking clinician-
patient communication to health outcomes. Patient Educ Couns 2009,74:295-301.

5�. de Haes H, Bensing J. Endpoints in medical communication research, proposing a framework of
functions and outcomes. Patient Educ Couns 2009,74:287-94.

57. Cegala DJ, Street RL, Jr., Clinch CR. The impact of patient participation on physicians' information
provision during a primary care medical interview. Health Commun 2007,21:177-85.

5�. Cegala DJ, Chisolm DJ, Nwomeh BC. Further examination of the impact of patient participation on
physicians' communication style. Patient Educ Couns 2012,89:25-30.

59. Street RL, Jr., Slee C, Kalauokalani DK, et al. Improving physician-patient communication about
cancer pain with a tailored education-coaching intervention. Patient Educ Couns 2010,80:42-7.

�0. Street RL, Jr., Tancredi DJ, Slee C, et al. A pathway linking patient participation in cancer
consultations to pain control. Psychooncology 2014,23:1111-7.

�1. Keinki C, Momberg A, Clausb K, et al. Effect of question prompt lists for cancer patients on
communication and mental health outcomes - a systematic review. Patient Educ Couns 2021,E-pub
version available before print. .

�2. Rodenbach RA, Brandes K, Fiscella K, et al. Promoting end-of-life discussions in advanced cancer:
effects of patient coaching and question prompt lists. J Clin Oncol 2017,35:842-51.

�3. Hibbard JH. Patient activation and the use of information to support informed health decisions.
Patient Educ Couns 2017,100:5-7.

�4. Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships
between patient activation and health-related outcomes. J Gen Intern Med 2012,27:520-6.

�5. Dimoska A, Butow PN, Dent E, et al. An examination of the initial cancer consultation of medical and
radiation oncologists using the Cancode interaction analysis system. Br J Cancer 2008,98:1508-14.



Page 24/30

��. Doyle C, Lennox L, Bell D. A systematic review of evidence on the links between patient experience
and clinical safety and effectiveness. BMJ Open 2013,3.

�7. Bestvina CM, Zullig LL, Rushing C, et al. Patient-oncologist cost communication, �nancial distress,
and medication adherence. J Oncol Pract 2014,10:162-7.

��. Zolnierek KB, Dimatteo MR. Physician communication and patient adherence to treatment: a meta-
analysis. Med Care 2009,47:826-34.

�9. Brandes K, Linn AJ, Butow PN, et al. The characteristics and effectiveness of Question Prompt List
interventions in oncology: a systematic review of the literature. Psychooncology 2015,24:245-52.

70. Dimoska A, Tattersall MH, Butow PN, et al. Can a "prompt list" empower cancer patients to ask
relevant questions? Cancer 2008,113:225-37.

71. Sansoni JE, Grootemaat P, Duncan C. Question Prompt Lists in health consultations: A review.
Patient Educ Couns 2015,12:1454-1464.

72. Henselmans I, de Haes HC, Smets EM. Enhancing patient participation in oncology consultations: a
best evidence synthesis of patient-targeted interventions. Psychooncology 2013,22:961-77.

73. Hamel LM, Thompson HS, Albrecht TL, et al. Designing and testing apps to support patients with
cancer: looking to behavioral science to lead the way. JMIR Cancer 2019,5:e12317.

74. Zickuhr K, Smith A. Digital differences. Pew Internet and American Life Project Website.
https://www.pewresearch.org/internet/2012/04/13/digital-differences/

75. Anderson M. Technology device ownership: 2015
http://www.pewinternet.org/2015/10/29/technology-device-ownership-2015/

7�. Fox S, Duggan M. Mobile Health 2012. Pew Internet and American Life Project Website.
http://wwwpewinternetorg/2012/11/08/mobile-health-2012/

77. Fox S, Duggan M. Health Online 2013. Pew Internet and American Life Project Website.
http://wwwpewinternetorg/2013/01/15/health-online-2013/

7�. Lee R. Digital Divides 2016. Pew Research Center.
https://www.pewresearch.org/internet/2016/07/14/digital-divides-2016/

79. Thompson HS, Shelton RC, Mitchell J, et al. Inclusion of underserved racial and ethnic groups in
cancer intervention research using new media: a systematic literature review. J Natl Cancer Inst
Monogr 2013,2013:216-23.

�0. Sly JR, Miller SJ, Jandorf L. The digital divide and health disparities: a pilot study examining the use
of short message service (SMS) for colonoscopy reminders. J Racial and Ethnic Health Disparities
2014,1:231-7.

�1. Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for health
behavior change. Prev Med 2010,51:214-21.

�2. Kreuter MW, Wray RJ. Tailored and targeted health communication: strategies for enhancing
information relevance. Am J Health Behav 2003,27 Suppl 3:S227-32.



Page 25/30

�3. Zhao J, Freeman B, Li M. Can mobile phone apps in�uence people's health behavior change? An
evidence review. J Med Internet Res 2016,18:e287.

�4. Chan AW, Tetzlaff JM, Gotzsche PC, et al. SPIRIT 2013 explanation and elaboration: guidance for
protocols of clinical trials. BMJ 2013,346:e7586.

�5. Albrecht TL, Ruckdeschel JC, Ray FL, 3rd, et al. A portable, unobtrusive device for videorecording
clinical interactions. Behav Res Methods 2005,37:165-9.

��. Penner LA, Orom H, Albrecht TL, et al. Camera-related behaviors during video recorded medical
interactions. Journal of Nonverbal Behavior 2007,31:99-117.

�7. Hamel LM, Eggly S, Hastert TA, et al. Acceptability of a patient-focused application-based question
prompt list for cancer treatment cost. International Conference on Communication and Healthcare.
Porto, Portugal, September, 2018.

��. Alexander GC, Casalino LP, Tseng CW, et al. Barriers to patient-physician communication about out-
of-pocket costs. J Gen Intern Med 2004,19:856-60.

�9. Altomare I, Irwin B, Zafar SY, et al. ReCAP: Physician experience and attitudes toward addressing the
cost of cancer care. J Oncol Pract 2016,12:247-8.

90. Street RL, Jr., Gordon H, Haidet P. Physicians' communication and perceptions of patients: is it how
they look, how they talk, or is it just the doctor? Soc Sci Med 2007,65:586-98.

91. de Souza JA, Yap BJ, Hlubocky FJ, et al. The development of a �nancial toxicity patient-reported
outcome in cancer: The COST measure. Cancer 2014,120:3245-53.

92. Eggly S, Tkatch R, Penner LA, et al. Development of a question prompt list as a communication
intervention to reduce racial disparities in cancer treatment. J Cancer Educ 2013,28:282-9.

93. Albrecht TL, Eggly SS, Gleason ME, et al. In�uence of clinical communication on patients' decision
making on participation in clinical trials. J Clin Oncol 2008,26:2666-73.

94. Eggly S, Albrecht TL, Harper FW, et al. Oncologists' recommendations of clinical trial participation to
patients. Patient Educ Couns 2008,70:143-8.

95. Eggly S, Harper FW, Penner LA, et al. Variation in question asking during cancer clinical interactions:
a potential source of disparities in access to information. Patient Educ Couns 2011,82:63-8.

9�. Donner A, Donald A. Analysis of data arising from a strati�ed design with the cluster as unit of
randomization. Stat Med 1987,6:43-52.

97. Donner AK, N. Design and analysis of cluster randomization trials in health research. London: Arnold,
2000.

9�. Hamel L, Dougherty DW, Hastert TA, et al. The DISCO App: a pilot test of an electronic patient
intervention to reduce the �nancial burden of cancer through improved cost communication.
American Society of Clincial Oncology Quality Care Symposium, 2020, Virtual Presentation.

99. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and guidance for
practice. Stat Med 2011,30:377-99.



Page 26/30

100. Honaker J, King G. What to do about missing values in time-series cross-section data. Am J Polit Sci
2010,54:561-81.

101. Honaker J, King G, Blackwell M. Amelia II: A program for missing data. J Stat Softw 2011,45:1-47.

102. Smith A. U.S. Smartphone Use in 2015. http://www.pewinternet.org/2015/04/01/us-smartphone-use-
in-2015/2015.

103. Eggly S, Hamel LM, Heath E, et al. Partnering around cancer clinical trials (PACCT): study protocol for
a randomized trial of a patient and physician communication intervention to increase minority
accrual to prostate cancer clinical trials. BMC Cancer 2017,17:807.

Figures

Figure 1

Conceptual Model



Page 27/30

Figure 2

SPIRIT Figure for Study Period for Patient Participants
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Figure 3

Flow Diagram of Participant Enrollment, Randomization, and Procedures

Figure 4

DISCO App Educational Video and QPL Introduction Screens
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Figure 5

Oncologist Tip
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Figure 6

Graphical Representation of Hierarchical Holm’s Testing
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