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ARTICLE INFO ABSTRACT
Keywords: Background: Clinicians have limited time during patient encounters which can result in patients’ concerns not
Quality of life being addressed. This study’s objective was to test whether an electronic patient-reported outcome quality of life

Patient-reported outcomes

tool (PROQOL) in which patients identify their primary concern during clinic visits improves cancer patient
Health care delivery

quality of life (QOL).

Patients and methods: This single center non-blinded prospective clinical trial randomized patients (2:1) to
PROQOL versus usual care (UC). Two patient cohorts were enrolled: those with hematologic malignancies
(multiple myeloma [MM] or light chain amyloidosis [AL]) and solid tumors (head and neck [H/N] or gynecologic
[GYN] malignancies). Primary endpoint was patient-reported QOL at 12 months measured by a single-item
Linear Analog Self-Assessment. Value to patients and impact on clinician workflow was measured using a
“was it worth it” survey. The study was powered to detect a 0.5 standard deviation difference between groups.
Results: Overall 383 patients were enrolled, 171 with MM, 62 AL, 113 GYN, and 37 H/N between July 2016 and
April 2018, with 12-month follow-up. There were 171 (44.6%) male patients and median age was 62 years
(range 31-87). The most often selected concern was physical health (30.9%), and second was cancer diagnosis
and treatment (29.1%). Mean QOL was 7.12 for PROQOL and 6.98 for UC (0-10 scale) at 12 months, with no
between-group difference overall (p = 0.56) or within hematologic or solid tumor cohorts, respectively. Among
patients, 74% thought the PROQOL tool was worthwhile, 86% would choose PROQOL again, and 81% would
recommend it to others. Among clinicians, 95% responded that PROQOL was worthwhile and did not think that
PROQOL negatively impacted their workflow.

Conclusions: Although we did not demonstrate a QOL difference between PROQOL and UC groups; the PROQOL
tool held considerable value in identifying patients’ main concerns over time and was worthwhile for patients
and clinicians.

1. Introduction anyone else” [1]. The FDA has advocated for inclusion of PROs in
clinical research and as an endpoint in clinical trials [2-4]. PROs can

Patient-reported outcome (PRO) measures are defined by the Food elucidate physical or functional impairment as well as emotional and
and Drug administration (FDA) as “a measurement based on a report psychological and social effects related to any disease or treatment
that comes directly from the patient about the status of a patient’s health administered [1,5,6]. It is well established that patients’ concerns
condition, without amendment or interpretation by a clinician or regarding functional impairments, psychosocial distress, and financial
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constraints are often underappreciated by clinicians and may go unad-
dressed [6,7,8]. However, the time constraints of a clinical practice
make it difficult for busy clinicians to elicit more nuanced and subjective
complexities of the patient experience. PROs are a relevant tool to
overcome the limitations of real-world clinical practice [9,10].

PROs hold considerable clinical importance in oncology [11-16].
First, PROs serve as sensitive indicators of patients’ global functioning,
capturing information that may be missed by standard clinical assess-
ment [17,18]. Second, by effectively bridging communication between
clinician and patient, and focusing discussion on patients’ concerns and
experience, PROs can improve physicians’ symptom assessment, an
improvement that has translated to improved overall quality of care for
patients [19,20]. Third, the prognostic significance of PROs has been
supported in robust systematic reviews [17,18]. Overall, the consider-
able value of PROs is seen in the integration of patients’ perspectives
into the clinical opinion, creating a more holistic description of the
patient experience, better understanding health-related outcomes and
improving patient satisfaction [5-7,11,21].

Despite advances in systemic and locoregional therapies and
improved survival, treatment-related complications and toxicities still
profoundly impact cancer patients’ quality of life [6,9]. Gynecologic and
head and neck (H/N) cancer patients undergo multimodality treatments
that may cause sexual and urinary dysfunction, facial disfigurement, loss
of oropharyngeal function, and anxiety and depression [6,10,22].
Similarly, patients with dysproteinemias like multiple myeloma (MM)
and light chain amyloidosis (AL) undergo high dose chemotherapy fol-
lowed by autologous stem cell transplant and often followed by indefi-
nite chemotherapy maintenance, with associated treatment related side
effects [23].

This begs the question how the patient’s perspective can be elicited
efficiently at every routine cancer visit? We developed an electronic
patient-reported outcome quality of life (PROQOL) tool that was
adapted for use in hematology and oncology [24]. The PROQOL tool
asks patients to identify their biggest concern among categories, then
select sub-concerns within a category, and finally complete single-item
linear analogue self-assessment (LASA) scales for QOL of various do-
mains. The LASA scales have been validated as a pragmatic screener for
QOL needs with high rate of completion among patients, while still
recognizing the role of more detailed standardized patient-reported QOL
tools such as EORTC QLQ-C30 and FACT-G, for in depth exploration of
the QOL domains [11]. The PROQOL tool systematically incorporates
PROs into practice and acts as a case management system by generating
a report of resources to address patient concerns identified [24]. The
adaptation process was focussed on the descriptive portion of the
PROQOL tool; i.e., adapting the “concern” categories and resources to
aid in addressing those concerns (which were original developed for
diabetes patients) to reflect those most relevant to cancer patients. The
adaptation process involved an iterative process of literature review and
clinician and patient focus groups or feedback. The scoring, mode of
administration, number of items, and psychometric properties of LASA
scales were unaltered.

This study was a prospective randomized trial conducted in two
patient cohorts (hematologic and oncologic), whereby PROQOL was
administered and compared to usual care with assessment of impact on
clinical workflow. The objective of the study was to determine if the
PROQOL tool improved patient QOL over usual care (UC) at the end of
12-month follow up. This study explored the distribution of categories
selected and clinical and demographic factors associated with primary
categories selected by patients.

2. Methods
2.1. Participants

The study was approved by the Mayo Clinic Institutional Review
Board and is in line with the Declaration of Helsinki.

Contemporary Clinical Trials Communications 29 (2022) 100964

Patients with multiple myeloma (MM), light chain amyloidosis (AL),
head and neck cancer (H/N) and gynecologic malignancies were eligible
for inclusion in the study. Adults (>18 years), at any disease stage,
whose continued cancer care was received at Mayo Clinic in Rochester,
MN, and able to use an iPad were eligible for inclusion. As PROQOL was
available only in English, patients were required to be able to complete
assessments in English to participate. The solid tumor and hematologic
practices were distinct patient practices with separate workflows and
were therefore enrolled as a hematologic cohort and solid tumor cohort.
Patients were screened for eligibility the week before and approached
prior to a clinical visit for consideration. Written informed consent was
obtained from all patients. Patients once enrolled were followed for 12
months. Clinicians provided oral consent for involvement in the study.

2.2. Design

This was a single center non-blinded prospective clinical trial, with
2:1 randomization to PROQOL or to usual care. Patients were random-
ized using simple randomization stratified by cohort (hematologic
versus solid tumor), and allocation was concealed using numbered en-
velopes which were opened in sequence as patients were registered.

2.3. Intervention

PROQOL was offered to the patients prior to every visit (maximum
once per week) and each time patients selected from 8 categories that
included: Personal relationship, Emotional health, Physical health,
Cancer diagnosis and treatment, Health behaviors, Money, Care plan-
ning, or Something else. They were asked “which of the following if any,
represents your single biggest concern right now ...” Once a category
was selected, patients were then presented with options to better specify
their concern. Then the PROQOL system generated a printed list of
actionable resources based on the selected concern which was provided
to the patient and their clinician at that visit. Clinicians were able to
review the generated report and the applicable actionable resources
together with the patient (Fig. 1). Upon activation of the study, patients
were able to select a single concern. Partway through the study based on
interim monitoring of patient selection of a primary concern, the pro-
tocol was amended to allow for selection of a second distinct concern
from that time onwards. The PROQOL report was scanned into the
medical record.

2.4. Usual care

Usual care (UC) was defined as patients volunteering information
about symptoms or concerns during routine visits, and clinicians
addressing it as they saw fit. Symptom discussions and documentation in
the medical record occurred per usual practice.

2.5. Outcome measurement

The primary endpoint was patient-reported quality of life at 12
months as measured by the single-item LASA overall QOL item. The
LASA questionnaire uses a 0-10 scale to assess the overall QOL, as well
as single items to evaluate various other domains: physical well-being,
emotional well-being, social interactions, pain severity, fatigue, and
cancer-related impacts to life (Appendix A). Secondary endpoints
included distribution of categories selected and clinical and de-
mographic factors associated with primary categories selected by pa-
tients. Providers and patients who were randomized to the PROQOL tool
completed “Was it worth it” (WIWI) items (Appendix B) to gauge the
patients’ and providers’ opinion on the utility and ease of the PROQOL
tool [25,26].
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Fig. 1. Schema of PROQOL tool.

2.6. Statistical analysis

The target sample size in each cohort was 150 patients (100 ran-
domized to PROQOL, 50 randomized to usual care) with data available
for analysis at the 12-month time point. A higher rate of drop out was
expected in the hematologic malignancy cohort, so the study planned to
enroll 280 patients in the hematologic malignancy cohort and 167 pa-
tients in the oncologic cohort. A sample of 150 evaluable patients ran-
domized in a 2:1 fashion provided 80% power for a two-sample t-test to
detect a difference of 0.5 times the standard deviation (or 5 points on a
0-100 scale with an assumed standard deviation [SD] of 10 points) in
average overall QOL between the two groups at the 12-month time
point. Continuous variables were compared between groups using Wil-
coxon rank sum tests, two-sample t-tests, or analysis of variance. Binary
variables were compared between groups using chi-squared tests.
Analysis of covariance was used as a sensitivity analysis in the com-
parison between groups of 12-month scores to adjust for baseline patient
scores. General linear mixed models with group, continuous time, and
group-by-time interaction were used to compare patient scores over
time between groups. These models had random intercept and time
variables to account for multiple observations within patient. Last value
was carried forward for patients who did not complete a 12-month
assessment; sensitivity analysis imputed the last value carried forward
for only patients whose last visit was at least 9 months after the baseline
visit.

3. Results
3.1. Patient characteristics

In the hematologic cohort, there were 233 patients enrolled (171
MM, 62 AL) between July 2016-April 2018; 139 (60.1%) were male,
median age 62 years (range 31-87). The median distance travelled was
82 miles (range 2-1437 miles) for clinic visits. The median follow-up in
months was 15 months, and the median time from diagnosis to regis-
tration was 38 months. Eleven percent of patients (n = 25) died during
the study period.

In the solid tumor cohort, 150 patients enrolled (113 GYN, 37 H/N
pts) between September 2016 and August 2017; 78.7% were female,
median age 63 years (range 32-84). Patients were followed for a median

of 9.3 months (range 0-27.5 months). Overall, patients travelled a me-
dian of 98 miles (range 3-3123) to attend clinic visits. Median time from
diagnosis to enrollment in the study was 13 months. Twenty-three
percent (n = 34) of patients died during the study period. Patient
characteristics are summarized in Tables 1a and 1b.

3.2. Results from PROQOL system

The total number of patient visits throughout the study was 1115.
The single most often selected primary concern within the combined
cohorts was physical health (30.9%), which was a category related to
physical symptoms of disease and side effects of treatment. The second
most often selected primary concern was cancer diagnosis and treatment
(29.1%). In 380 visits, patients were given the option to select a second
main concern and again physical health (27.8%) and cancer diagnosis
and treatment (21.4%) remained most popular. The first and second
selection is displayed in Fig. 2A.The election of these categories was

Table 1a
Hematologic patient baseline characteristics.
PROQOL (N UC(N = Total (N = P
=153) 80) 233) value
Age, years [median, 66 (31-87) 64 (42-85) 65 (31-87) 0.78
range]
Gender 0.98
Female 61 (39.9%) 32 (40.0%) 93 (39.9%)
Male 92 (60.1%) 48 (60.0%) 140
(60.1%)
Race 0.49
Black 2 (1.3%) 2 (2.6%) 4 (1.8%)
White 148 (98.7%) 75 (97.4%) 223
(98.2%)
Missing 3 3 6
Distance travelled, 80 (2-1281) 88.5 82 0.45
miles [median, range] (2-1437) (2-1437)
Diagnosis 0.69
Amyloidosis 42 (27.5% 20 (25.0%) 62 (26.6%)
Multiple myeloma 111 (72.5%) 60 (75.0%) 171
(73.4%)
Number of treatments 3 (0-23) 3.5 (0-18) 3 (0-23)

[median, range]

PROQOL = patient-reported outcome quality of life tool; UC = usual care.
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Table 1b
Solid tumor patient baseline characteristics.
PROQOL (N UC(N = Total (N = P
=100) 50) 150) value
Age, years [median, 63.5 (32-84) 63 (39-81) 63 (32-84) 0.66
range]

Gender 0.32
Female 81 (81.0%) 37 (74.0%) 118

(78.7%)
Male 19 (19.0%) 13(26.0%) 32 (21.3%)
Race 0.48
Native American 1 (1.0%) 0 (0.0%) 1 (0.7%)
White 99 (99.0%) 50 149

(100.0%) (99.3%)
Distance travelled, 93 (3-1262) 107 97.5 0.58
miles [median, range] (3-3123) (3-3123)

Diagnosis 0.28
Head & Neck 22 (22.0%) 15 (30.0%) 37 (24.7%)
Gynecologic 78 (78.0%) 35 (70.0%) 113

(75.3%)
Disease status 0.13
Newly diagnosed 49 (49.0%) 18(36.0%) 67 (44.7%)
Relapsed 51 (51.0%) 32(64.0%) 83 (55.3%)

PROQOL = patient-reported outcome quality of life tool; UC = usual care.

consistent between both cohorts. Patients took an average of 2.9 min to
complete PROQOL at each visit.

Over time the more visits patients had, the more varied their concern
selections became. For instance, the mean number of unique concerns
selected per patient (excluding second selections as this was an option
for only a subset of encounters) for patients with 1-3 vs 4-5 vs 6 or more
visits increased from 1.9 (SD 0.6) to 2.7 (SD 0.8) to 3.9 (SD 1.3) unique
concerns (p < 0.001). As evident by Fig. 2B and C which displays the
first selection across 3 visits (among patients with 3 or more visits) and 6
visits (among anyone with at least 1 visit), patient selection of categories
is dynamic over time for most patients. The most selected sub-concerns

First and Second Concerns, Both Concerns available
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within physical health in descending order were related to fatigue (155/
345 [47.8%]), neuropathy (150/345 [43.4%]), and difficulty sleeping
(103/345 [29.9%]); note that subjects could check more than one sub-
concern. Within the cancer diagnosis category, the most selected sub-
concerns in descending order of frequency were related to treatment
plan (196/324 [60.5%]), prognosis (161/324 [49.7%]) and chemo-
therapy (92/324 [28.4%]). The frequency of all concerns is shown in
Appendix C.

The hematologic cohort was significantly more likely to select the
category Money (9.9% vs. 5.2%, p = 0.006) and Physical health (45.3%
vs. 38.0%, p = 0.01) than the oncologic cohort. The solid tumor cohort
selected health behaviors (topics related to exercise, nutrition, tobacco,
& substance use) more often than hematologic cohort (23.5% vs. 13.2%,
p < 0.001). Women were significantly more likely to select healthy
behaviors (21.3% vs. 12.1% p < 0.001) when compared to men.
Whereas men were more likely to select physical health (48.0% vs.
38.2%, p = 0.001).

When data was analyzed by age <65 years or >65 years, there was a
strong association with concern for money in patients younger than 65
years compared to their older counterparts (12% vs 5%, p = 0.002). In
addition, there was stronger interest in care planning in the patients 65
years and older (9.1% vs 4.4%, p = 0.003).

There was no statistically significant difference in mean quality of
life between the PROQOL (N = 228, mean = 7.13, SD = 2.06) and UC (N
= 110, mean = 6.98, SD = 2.36; p = 0.56, mean difference = 0.15,
pooled SD = 2.16) patients at the end of the 12-month period for the
combined cohort or the hematologic and oncologic cohorts individually,
with all results remaining non-significant when adjusting for baseline
patient scores in sensitivity analysis. Analysis of QOL between hema-
tologic and solid tumor demonstrated no significance difference, nor
between MM vs. AL or H/N vs. GYN. There was no statistically signifi-
cant difference over time using mixed models between the PROQOL and
UC groups in all sub-domains of the LASA which included physical,
social, emotional well-being, fatigue, pain, difficulty in performing
tasks, or their sense of being overwhelmed by cancer diagnosis.

CDT=Cancer Diagnosis, Tx & Survivorship CP=Care Planning EH=Emotional Health HB=Health Behaviors M=Money PH=Physical Health PR=Personal Relationships
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Fig. 2A. First two selected concerns.
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First Concern By Visits
CDT=Cancer Diagnosis, Tx & Survivorship CP=Care Planning EH=Emotional Health HB=Health Behaviors
M=Money PH=Physical Health PR SE: Eise NS=No

Vist1 Visa2 Visa
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Fig. 2B. First Concerns over Three Visits without any Non-selections.
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Fig. 2C. First concerns over six visits including non-selection.
3.3. Was it worth it surveyed as to their thoughts on the PROQOL tool using WIWI. Seventy-

four percent of patients thought the PROQOL tool was worthwhile, 86%
Upon completion of the 12-month follow-up period, patients were would choose PROQOL again and 81% would recommend to others.
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There were 33 clinicians surveyed (29 physicians and 4 nurse prac-
titioners/physician’s assistants), with 8 in oncology and 25 in hema-
tology. Among the 33 surveyed clinicians with the WIWI questionnaire,
95% responded that they were satisfied with the instrument and did not
think that it negatively impacted their workflow. Ninety-four percent of
all the clinicians thought that they saw an improvement in their pa-
tients’ well-being by receiving the additional resources provided by the
PROQOL tool, and 81% would recommend and refer others to the
PROQOL tool.

4. Discussion

We describe the results of a randomized trial testing clinical use of
the PROQOL tool, an electronic point of care system, among the patients
in hematology (MM and AL) and oncology (H/N and gynecologic ma-
lignancies). Although the primary endpoint of improving mean QOL by
our PROQOL interventions was not met, the PROQOL tool demonstrated
significant value in efficiently eliciting patients’ main concern and
integrating the patient perspective into clinical consideration. The me-
dian time from diagnosis to enrollment was 13 months in the solid tumor
cohort and 38 months in the hematologic cohort, indicating that though
these patients were not new to their diagnosis, yet they continued to
struggle with their cancer diagnosis and physical symptoms from disease
and/or treatment. This was made evident given that their main concern
and second main concern were both related to cancer diagnosis, treat-
ment, and physical health (potential physical toxicities from treatment
or disease) and suggests an unmet communication need. However, with
more opportunities to interact with the system (e.g., at least 4 encoun-
ters) there was increasing diversity of selected categories over time. The
mean quality of life in both arms was 7.12 and 6.98 out of 10, but the
PROQOL tool did not improve overall quality of life over the course of
the 12-month study period. Despite that, the PROQOL tool was
considered worthwhile for the majority of both patients and clinicians,
who stated that they would refer the PROQOL system to others and
would opt to participate again.

The PROQOL tool demonstrated that concerns related to cancer
diagnosis, treatments and prognosis and physical health (toxicities from
treatment/disease) were most important for patients. Interim moni-
toring of patient selection of primary concern in the early part of this
study demonstrated disproportionate selection of cancer diagnosis,
treatment, and physical health as the predominantly selected concern
compared to the other categories. With the thought that patients were
potentially biased to focus on their diagnosis while at their clinic visits,
the option for a second main concern was added to the selection process.
Even with the option for a second main concern, cancer diagnosis,
treatment, and prognosis and physical health remained the first and
second most selected concerns highlighting the need for continued dis-
cussion about the treatment plans and addressing of physical symptoms.
These patients had the diagnosis for at least a year and were not simply
new to diagnosis. A potential gap in patient-clinician communication
and counselling is suggested here, as reassurance and dissemination of
this information is within the realm of the clinicians’ purview. We
therefore highlight here that patients’ concerns regarding their disease
course and available treatments, need to be reiterated more frequently
than at diagnosis and relapse This can be particularly challenging if
prognosis is guarded, as has been shown in other studies about
communication [27,28,29].

Therefore, interventions should be aimed at improving the commu-
nications regarding patients’ changing prognosis as reinforced by the
American Society of Clinical Oncology’s consensus statement on patient
physician communication [30]. This phenomenon may be compounded
by the limited time that clinicians have with their patients to discuss
competing salient needs, with only 1-3 min left for patients to describe
their issues, and most time spent on documentation and clerical burden
thus indicating that a change in workflow in practice may be necessary
[31,32]. PROQOL or a similar patient-reported tool may be the essential
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bridge to prioritize their needs and efficiently help address these con-
cerns in the visit even if there is no change in their overall QOL. To this
point, many studies corroborate the immense potential of information
technology in empowering patients in supporting a patient-centered
model of care [33-36].

In analyzing correlations in the selection of concerns, patients
younger than 65 years selected the concern for money twice as
frequently as the older patients and this was strongly statistically sig-
nificant. This speaks to the anticipated impact of the diagnosis and
treatment course on patients who are typically actively working, with
more financial responsibilities for dependents, and need for insurance.
This has been shown in several studies and represents a population
particularly vulnerable to financial toxicity [37-40]. Hematology pa-
tients also selected money more frequently than solid tumor patients and
is consistent with the well-established financial toxicity incurred by the
specialized targeted therapies utilized in plasma cell treatments for an
indefinite period [41,42]. Older patients (>65 years) were significantly
more likely to select care planning; this too reflects published literature
emphasizing older patients’ unmet needs to discuss end of life concerns
and issues [43,44]. Differences were also observed between other
groups of subjects as well, e.g., men and women.

Patients expressed that the PROQOL tool was helpful putting forth
their major concerns as demonstrated by the “Was it worth it” survey
[25,26]. Seventy percent thought it was useful, with comments such as
“It made me think about my medical issues” and that the linked re-
sources helpful in addressing those specific areas. Eighty-one percent of
patients indicated that they would use the PROQOL tool again. More-
over, PRQOL was self-administered and completed with a median time
of 2.9 min, approximately half the time compared to other standardized
quality of life assessments [45,46]. In an age when patients are inun-
dated with questionnaires leading to survey fatigue, these results
emphasize the value of the PROQOL tool in efficiently eliciting patient
concerns without contributing to survey fatigue [47]. Physicians, as
well, are overwhelmed by the demands imposed by the electronic health
record [48]. However, physicians in this study reported minimal
impedance of work flow with the PROQOL tool, supporting that inte-
gration of PROs can be successfully integrated in a high volume aca-
demic practice without a significant increase in resources or demands on
the clinical team [49].

Although less prominent in our study, other psychosocial elements
such as health behaviors (tobacco, alcohol, exercise, & nutrition),
emotional well-being (anxiety, depression, adjustment issues), and
money were still important to patients, and became more prominent
with more clinical encounters. These categories are areas that the pri-
mary hematologist/oncologist may not be skilled or have the resources,
but may be better addressed with a multidisciplinary approach, or even
possibly remote monitoring which has shown success with maintaining
physical function and symptom management in other studies [50-53].
The recently published randomized trial by Cheville et al. is a superb
example in highlighting the improved patient clinical outcomes and
quality of life by engaging a robust collaborative approach to
tele-rehabilitation [50].

Our study had some limitations. We were unable to assess patients’
main concerns between clinic visits, which may have put their cancer
and toxicities to the forefront of their concerns. The summary of main
concerns and the actionable list of resources generated by the PROQOL
tool were not recorded in the electronic health record but rather printed
out and scanned, thereby limiting the accessibility of the resources
which were predominantly electronic links to websites, cancer societies
and support groups. This limited the optimal integration of PROs into
clinical practice. There was also potential contamination bias as physi-
cians were not blinded or randomized. If a clinician had previously
reviewed resources generated through the PROQOL tool with a patient,
these same resources could have been unwittingly recommended to
patients in the UC arm. The restriction to H/N and gynecologic malig-
nancies, MM and AL may limit some generalizability, but the similarity
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in findings across these very distinct malignancies suggests that our
results may generalize across broad patient populations. Given no dif-
ference in QOL, alternative unmeasured outcomes may have demon-
strated other value such as knowledge increase, patient satisfaction,
patient empowerment, and improvement in patient physician commu-
nication. Next steps for the PROQOL system will focus on optimization
of the tool and will retain the unique component of the tool relative to
other available instruments. Optimization may include integration of
the PROQOL tool with the electronic medical record, coupling the se-
lection of primary and secondary concerns with other PRO tools that are
shown effective for improving patient QOL (e.g., Basch et al. [58]), and
other potential automations to customize the self-care advice presented
to patients.

The PROQOL tool held considerable value in aiding patients in
identifying patients’ main concerns over time and was a worthwhile
experience for both patients and clinicians.
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