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Abstract

Purpose Patient-reported outcome (PRO) results from
clinical trials can inform clinical care, but PRO interpreta-
tion is challenging. We evaluated the interpretation accu-
racy and perceived clarity of various strategies for displaying
clinical trial PRO findings.

Methods We conducted an e-survey of oncology clinicians
and PRO researchers (supplemented by one-on-one clinician
interviews) that randomized respondents to view one of the
three line-graph formats (average scores over time for two
treatments on four domains): (1) higher scores consistently
indicating “better” patient status; (2) higher scores indicat-
ing “more” of what was being measured (better for function,
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worse for symptoms); or (3) normed scores. Two formats
displayed proportions changed (pie/bar charts). Multivariate
modeling was used to analyze interpretation accuracy and
clarity ratings.

Results Two hundred and thirty-three clinicians and 248
researchers responded; ten clinicians were interviewed.
Line graphs with “better” directionality were more likely
to be interpreted accurately than “normed” line graphs (OR
1.55;95% CI 1.01-2.38; p=0.04). No significant differences
were found between “better” and “more” formats. “Better”
formatted graphs were also more likely to be rated “very
clear” versus “normed” formatted graphs (OR 1.91; 95% CI
1.44-2.54; p<0.001). For proportions changed, respondents
were less likely to make an interpretation error with pie ver-
sus bar charts (OR 0.35; 95% CI 0.2-0.6; p < 0.001); clarity
ratings did not differ between formats. Qualitative findings
informed the interpretation of the survey findings.
Conclusions Graphic formats for presenting PRO data dif-
fer in how accurately they are interpreted and how clear they
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are perceived to be. These findings will inform the develop-
ment of best practices for optimally reporting PRO findings.

Keywords Patient-reported outcomes - Graphic
communication - Knowledge translation - Clinical trials -
Comparative effectiveness research

Introduction

An emphasis on patient-centered care has increased the
demand for patient-reported outcomes (PROs), data col-
lected directly from patients about health conditions and
impacts of treatments [1, 2]. PROs can inform patient care
in a variety of ways [3, 4], including data representing ‘the
voice of the patient’ in randomized clinical trials to inform
decision-making by patients and clinicians based on trial
results [4—7]. Oncologists have endorsed the use of PROs
for this purpose, and there is evidence that PRO results can
influence treatment choices [8—11].

The optimal integration of PRO results from clinical tri-
als, and other comparative research into clinical care requires
that clinicians understand and interpret PROs accurately
and be able to communicate PRO findings to their patients
where appropriate. This understanding can be challenging
because of the variety of PRO questionnaires, variation in
their scoring (e.g., higher scores indicating better or worse
outcomes), their scaling (e.g., scores ranging from 0 to 100
as worst-to-best, or scores normed to a defined population),
and how statistical and clinical significance of the findings
are addressed [9, 12-15].

This study was part of a larger research program designed
to examine approaches for presenting PRO data to promote
their understanding and use. Previously, we evaluated exist-
ing approaches to presenting study PRO results [15]. We
then partnered with stakeholder workgroups of clinicians
and patients to develop improved graphical presentation
approaches [14]. In a separate research stream, we focused
on the communication of PROs to patients (e.g., in edu-
cational materials or decision aids) [16]. In this study, we
focused on the reporting of PROs from clinical trials to cli-
nicians and PRO researchers, building on our earlier study
findings that identified the visual presentation strategies with
the greatest potential for effective data communication [14,
15]. In the context of a clinical trial randomizing patients
to one of the two treatment groups, we addressed between-
group comparisons of mean scores over time, and between-
group comparisons of the proportions of patients changed
from baseline (improved, stable, or worsened). Our objective
was to evaluate interpretation accuracy, clarity, and prefer-
ences for these candidate presentation approaches in a broad
population of clinicians and PRO researchers.

@ Springer

Methods
Study design

We conducted a cross-sectional, mixed-methods study com-
prising a survey of cancer clinicians and PRO researchers,
complemented by qualitative interviews with clinicians. We
used an internet-based survey to evaluate how clinician and
PRO researcher respondents interpret graphically displayed
PRO results from a hypothetical clinical trial comparing
Treatments “X” and “Y”. We supplemented the survey
findings by administering it to cancer clinicians using one-
on-one interviews, thus obtaining qualitative data on their
responses. As the focus of the project was on clinicians’
understanding and communication of PRO data in clinical
practice, we did not undertake on-one-one interviews with
PRO researchers. The Johns Hopkins School of Medicine
Institutional Review Board approved the project. The fund-
ing source had no role in study design, data collection, anal-
ysis, interpretation, writing, or publication decision.

Population and setting

We invited oncology clinicians and PRO researchers to com-
plete the online survey by recruiting a convenience sample
using a “snow-ball” approach. We partnered with our study
Stakeholder Advisory Board to distribute the survey link to
a variety of target populations in order to achieve diversity
among respondents. Recipients were encouraged to share
the information with other individuals who fit the eligibility
criteria. Survey eligibility was self-identification as a health
care provider to cancer patients, or PRO researcher.

Respondents who completed the one-on-one interviews
were recruited from the Johns Hopkins Clinical Research
Network (JHCRN), a consortium of academic and commu-
nity health systems in Maryland, Virginia, and the District
of Columbia (USA). Eligible clinicians were active oncolo-
gists (medical, radiation, surgical, gynecologic/urologic),
nurse practitioners/physician assistants, or fellows. Purpo-
sive sampling was done to include various specialties and
JHCRN sites.

Study procedures

The online survey randomized each eligible respondent to
one of the eighteen survey versions. Each version sequen-
tially presented five formats for graphically presenting clini-
cal trial results comparing two treatments. Specifically, three
line-graph format variations showing average group scores
over time were displayed, followed by two formats show-
ing proportions changed (better/worse/about the same) at
9 months after initiating treatment. The formats were cho-
sen based on our earlier research that identified the most
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promising formats for effective PRO data communication
[14, 15]. For each format, results for four PRO domains (two
functions, two symptoms) were displayed on a single screen
(Fig. 1).

Respondents were randomized to one of the three line-
graph format types: one-third of the sample saw graphs
wherein PRO results indicated “more” of what was being
measured (e.g., as per the EORTC QLQ-C30 [17].): a line
trending up for functional domains indicated improvement,
whereas a line trending up for symptom domains indi-
cated worsening (more symptoms, Fig. 1). For one-third
of respondents, lines trending up consistently indicated
improvement (“better”) outcomes for both function and

symptom domains (e.g., the HUI [18] Fig. 2). The remain-
ing one-third viewed data normed to a general population
average of 50 (Fig. 3). Within each line-graph type (“more,”
“better,” “normed”), three variations were displayed: “plain”
lines (p values only, Fig. 3); clinically significant between-
arm differences indicated by an asterisk (but no confidence
limits, Fig. 2); and confidence limits in addition to the aster-
isk indicating clinical significance (Fig. 1). Following pres-
entation of line graphs, respondents viewed formats illus-
trating the proportions of patients either improved, stable,
or worsened at 9 months (as typically reported in RCTs by
classifying each patient as improved or worsened, compared
to baseline, as defined by a clinically important difference
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Fig. 1 Example illustrating average group scores over time, formatted for higher scores indicating “more” of what was being measured. The
example shows the “confidence limit” annotation variation used across format types
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Fig. 2 Example of average group scores over time, formatted for higher scores indicating “better” outcomes. The example shows the “clinical

significance” annotation variation used across format types

established for the PRO measure used in the trial). Respond-
ents viewed these proportions as both pie charts and bar
charts (Fig. 4). In sum, all respondents saw one type of line
graph (“more,” “normed,” or “better” scaling), presented in
three variations (“plain,” “clinical significance,” and “confi-
dence limits”) followed by two proportions changed formats.

We controlled for potential order effects by randomiz-
ing respondents to order of line-graph variation and order
of proportion format display. Supplemental Table S1 sum-
marizes the formats and orders used across survey versions.
The underlying hypothetical clinical trial results were the
same across orders.
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Study outcomes included respondents’ accuracy of
interpreting between-group differences, their ratings of
format clarity, and their preferred format. Two accuracy
questions were asked on the first line-graph format seen
(one for a function and one for a symptom domain). For
example, for Fig. 1 we asked “On which treatment do
patients report better PHYSICAL function over time?”
(Response options: “Treatment ‘X,” Treatment ‘Y,” Treat-
ments are about the same”). The third response option was
coded as “correct” if the p value was not significant. One
accuracy question was asked on the second and third line-
graph format seen. This design enabled us to compare the
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Fig. 3 Example of average group scores over time, formatted to be normed to the general U.S. population. The example shows the “plain” varia-

tion (no additional annotations) used across format types

accuracy of interpretation across the line types, and to test
if accuracy rates were associated with added clinical and
statistical significance annotations. For the two formats
showing proportions changed, two accuracy questions
were asked on each (e.g., “At 9 months, on which treat-
ment did more patients improve with regard to PHYSICAL
activities?”’; same response categories).

Upon completion of accuracy questions for each format,
respondents rated its clarity (‘“very confusing,” “somewhat
confusing,” “somewhat clear,” or “very clear”). An open-
ended text box allowed comments. After viewing all five
formats, respondents were asked to select the proportion

they thought was most useful for showing trial results, and
which line-graph variation was most useful. Upon conclu-
sion, respondents could enter for a chance to receive a
$100 Amazon gift card.

One-on-one interview respondents were randomly
assigned to complete one of the online survey versions.
Respondents were asked to think aloud as they completed
the survey. The interviewer prompted for comments con-
cerning a format’s clarity or about preferences for particu-
lar format. At the end of the interview, respondents were
given an opportunity to share any overall feedback that
was not captured during survey completion.
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Fig. 4 Examples of formats
illustrating the proportions of
patients changed at 9 months
(compared to baseline). a Pie
chart format. b Bar chart format

Analysis

Quantitative data included respondents’ demographic
characteristics, their accuracy and clarity responses,

@ Springer
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interpretations of statistical and clinical significance, and
format preferences. These data were first summarized

descriptively. We used multivariable generalized estimat-
ing equation (GEE) logistic regression models (with the
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individual as the cluster unit) to test differences in accuracy
and clarity by format while controlling for format order and
respondent type. Two outcomes were used to evaluate inter-
pretation accuracy: (1) accuracy on the two questions for the
first format seen and (2) accuracy for the four questions on
each format across all orders (and, therefore, all respond-
ents). Fixed effects for the specific questions were included
in the model that included all questions. For calculating
accuracy rates, we coded responses as “correct” when they
matched the intended response. Given the potential ambigu-
ity in how respondents selected the “treatments are about
the same” response, we also calculated the proportion of
respondents that responded incorrectly in absolute terms
(i.e., picking Treatment “X” when “Y” was correct).

Qualitative data obtained from the one-on-one interviews
were analyzed by a coding scheme based on the study objec-
tives, interview structure, and interview content. Codes were
created to capture positive or negative comments, misin-
terpretations, directional concerns, preferences, and other
comments. One member of the research team coded each
transcript using ATLAS.ti, [19] a second member reviewed
coding, and a report was then generated to identify themes.
Open-ended text box comments obtained from online survey
respondents were sorted into broad, preexisting categories
of “positive” and “negative.”

Results
Study sample

The internet sample included 233 clinicians and 248 PRO
researchers (total N=481) (Table 1). Clinicians reported an
average time in practice of 16.5 years, 55% practiced medi-
cal oncology, and half were located in the US. Among PRO
researchers, 38% had > 10 years’ experience, and 43% were
from the US. The in-person interviewees included ten cli-
nicians: one medical oncologist, one radiation oncologist,
one urologist, one oncology nurse practitioner, three surgi-
cal oncologists, and three oncology fellows; five were from
Johns Hopkins.

Findings for line-graph formats

Participants’ accuracy of interpretations varied across
the three line-graph types: clinicians were more likely to
answer both initial accuracy questions correctly if they saw
the “better” line graphs (68%), versus 62% for “more” line
graphs and 61% for “normed” line graphs. The same was
true for researchers: 68% correct for “better,” versus 64% for
“more,” and 54% for “normed.” Complete descriptions of the
responses by format can be found in Table 2. Multivariate
model results (Table 3) indicate that “better” line graphs

were significantly more likely to be interpreted accurately
vs. “normed” (OR 1.55; 95% CI 1.01-2.38; p=0.04). With
regard to “incorrect” responses, respondents were signifi-
cantly more likely to select an incorrect response for “nor-
med” graphs compared to “better” or “more” when control-
ling for other factors (Table 3). The odds ratios are shown
graphically in Fig. 5.

The clarity ratings for clinicians and researchers rand-
omized to “more,” “better,” or “normed” line graphs also
varied by format type. The multivariate models indicated
that “normed” versions were less likely to be rated “very”
clear (OR 0.66; 95% CI 0.50-0.88; p=0.005) compared to
“more” types (Table 3). Further, the “better” line types were
more likely to be rated “very” clear compared to “normed”
(OR 1.91; 95% CI 1.44-2.54; p<0.0001), whereas ratings
for “more” vs “better” line type did not differ significantly.
Similar patterns were seen for combined “somewhat” and
“very” clear rating categories. These data are described in
full in Table 2 and displayed graphically in Fig. 5.

Across clinicians and researchers, and regardless of rand-
omization to “better,” “more,” or “normed” versions, the for-
mat variations with asterisks indicating clinical significance
and with confidence limits were not associated significantly
with accuracy of interpretations compared to “plain” line-
graph formats (Table 3). The variation with only clinical sig-
nificance indicated was most likely to be rated “somewhat”
or “very” clear, compared to the plain or confidence limit
variations (Table 3). With regard to individuals’ expressed
preferences, both clinicians and researchers preferred the
confidence limit variation (52 and 49%, respectively; both
p<0.001, Table 4).

Qualitative comments, reflecting both support and lack
of support for each of the formats, are tabulated in Table 5.
Some respondents randomized to the “more” line type found
the difference in direction of scoring for function versus
symptom domains confusing, whereas others randomized
to the “better” line type found higher symptom scores indi-
cating improvement in symptoms to be counterintuitive.
Some respondents valued the additional statistical informa-
tion provided by confidence limits while some preferred
asterisks alone. Others noted potential confusion regarding
the use of asterisks to indicate clinical importance, since
asterisks are also commonly used for statistical significance.
Some respondents questioned how clinical importance was
determined.

Findings for formats illustrating proportions changed

Regarding accuracy of interpreting formats illustrating pro-
portions changed, clinicians who saw pie charts were more
likely to respond correctly to the first two accuracy questions
than those who saw bar graphs (20 vs. 17%), though the
opposite was true for researchers (7% for pie charts vs. 15%

@ Springer
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Table 1 Participant characteristics

Characteristic Clinicians (N=233) Researchers (N=248)

Age (median, range) 41 (25-78) 43 (23-73)

Years in practice (average, std. deviation) 16.5 (12.5) - -

N (%) N (%)

Gender
Female 108 (54.8) 131 (63.3)
Male 89 (45.2) 76 (36.7)
Missing 36 41

Race
White 145 (73.6) 162 (78.6)
Black 3 (1.5) 5 2.4
Asian 35 (17.8) 29 (14.1)
Other 14 (7.1) 10 4.9)
Missing 36 42

Country
USA 98 (50.0) 87 (43.1)
Netherlands 0 0 12 5.9
UK 6 3.1 10 (5.0)
Canada 6 3.1 16 (7.9)
Other 86 (43.9) 77 (38.1)
Missing 37 46

Clinician specialty
Medical oncology 108 (54.5) - -
Radiation oncology 13 (6.6)
Surgical/gynecologic/urologic oncology 17 (8.6)
Oncology nurse practitioner or assistant 10 5.1
Other 50 (25.3)
Missing 35

Researcher expertise (more than one may apply)
Patient perspective - - 22 8.9
Clinician 26 (10.5)
Clinician scientist 60 (24.2)
PRO assessment/psychology/sociology 93 (37.5)
Clinical trials methods/analysis 52 (21.0)
Psychometrics 55 (22.2)
Health policy or public health 37 (14.9)
Journal editor 8 3.2)
Frequent journal reviewer 52 (21.0)
Regulator or administrator 8 3.2)
Other 23 9.3)

PRO research experience
Current student - - 23 (11.1)
Current post-doc 17 (8.2)
< 5 years’ experience 39 (18.8)
5-10 years’ experience 50 24.2)
> 10 years’ experience 78 (37.7)
Missing 41
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Table 2 Accuracy and clarity responses for “line graphs of average scores” formats

Clinicians

Researchers

“More” line type “Normed” line type

“Better” line type

“More” line type

“Normed” line type

“Better” line type

N=78 N=T77 N=78 N=83 N=83 N=82
N (%) N (%) N (%) N (%) N (%) N (%)
Accuracy of interpretation
Physical activities
(function)
Treatment X* 60 (76.9) 61(79.2) 61 (78.2) 72 (86.7) 71 (85.5) 66 (80.5)
Treatment Y 0 4(5.2) 2 (2.6) 3 (3.6) 1(1.2) 2(24)
About the same 8 (10.3) 5(6.5) 11 (14.1) 5(6.0) 5(6.0) 8(9.8)
Missing 10 (12.8) 709.1) 4.1 3(3.6) 6(7.2) 6(7.3)
Pain (symptom domain)
Treatment X 9 (11.5) 13 (16.9) 7 (9.0) 13 (15.7) 23 (27.7) 6(7.3)
Treatment Y* 53 (67.9) 50 (64.9) 64 (82.1) 59 (17.1) 48 (57.8) 62 (75.6)
About the same 3(3.8) 6 (7.8) 3(3.8) 5(6) 5(6.0) 6(7.3)
Missing 13 (16.7) 8(10.4) 4(5.1) 6(7.2) 7(8.4) 8(9.8)
Number of questions “correct”
Both questions 48 (61.5) 47 (61.0) 53 (67.9) 53 (63.9) 45 (54.2) 56 (68.3)
One question 17 (21.8) 17 (22.1) 19 (24.4) 25 (30.1) 29 (34.9) 16 (19.5)
Neither question 13 (16.7) 13 (16.9) 6 (7.7) 5(6) 9 (10.8) 10 (12.2)
Number of questions “incorrect”™
Both questions 0 0 0 0 0 0
One question 9(11.5) 17 (22.1) 9 (11.5) 16 (19.3) 24 (28.9) 8(9.8)
Neither question 69 (88.5) 60 (77.9) 69 (88.5) 67 (80.7) 59 (71.1) 74 (90.2)
Clarity ratings: plain line graphs
Very clear 29 (46.8) 17 (25.4) 32 (44.4) 28 (37.3) 28 (37.3) 34 (48.6)
Somewhat clear 23 (37.1) 34 (50.7) 28 (38.9) 36 (48.0) 32 (42.7) 16 (22.9)
Somewhat confus- 10 (16.1) 15 (22.4) 11 (15.3) 11 (14.7) 12 (16.0) 18 (25.7)
ing
Very confusing 0 1(1.5) 1(1.4) 0 3(4) 2(2.9)
Missing 16 10 6 8 8 12
Clarity ratings: lines with confidence limits
Very clear 20 (31.2) 15 (22.1) 30 (41.1) 24 (32.9) 22 (29.3) 32 (47.8)
Somewhat clear 28 (43.8) 30 (44.1) 29 (39.7) 31 (42.5) 28 (37.3) 24 (35.8)
Somewhat confus- 15 (23.4) 22 (32.4) 10 (13.7) 16 (21.9) 20 (26.7) 8(11.9)
ing
Very confusing 1(1.6) 1(1.5) 4(5.5) 2227 5(6.7) 3(4.5)
Missing 14 9 5 10 8 15
Clarity ratings: lines with clinical significance
Very clear 29 (46.8) 22 (32.8) 34 (47.2) 35 (47.9) 28 (37.8) 32 (47.1)
Somewhat clear 28 (45.2) 34 (50.7) 27 (37.5) 30 (41.1) 32 (43.2) 30 (44.1)
Somewhat confus- 5 (8.1) 10 (14.9) 10 (13.9) 7(9.6) 13 (17.6) 54
ing
Very confusing 0 1(1.5) 1(1.4) 1(1.4) 1(1.4) 1(1.5)
Missing 16 10 6 10 9 14

“Denotes “correct” response

®Answers were coded as incorrect when the wrong treatment was selected by the respondent (answers to “about the same” response were

ignored—see text for further details)

@ Springer
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Table 3 Multivariate modeling results for accuracy of interpretation and clarity ratings

Comparison Accuracy of interpretation

Format clarity ratings

Correct response

Incorrect response

Rated “somewhat” or Rated “very” clear

“very” clear
OR [95% CI] p OR [95% CI] p OR [95% CI] p OR [95% CI] p
Model for line-graph formats*
Normed v. “More” 0.80 [0.54-1.21] .30 1.81[1.07,3.05] .03 0.61 [0.43-0.86] 005 0.66 [0.50-0.88] .005
“Better” v. “More” 1.25[0.81-1.93] .31 0.67[0.35,1.27] .22 0.93 [0.65-1.35] 72 1.27[0.96-1.67] .09
“Better” vs. normed 1.55[1.01-2.38] .04 0.37[0.2,0.67] .001 1.53 [1.09-2.14] 01  1.91[1.44-2.54] <.001
Confidence limits vs. plain 0.7110.47,1.07] .10 0.84[0.48,1.47] .53 0.73[0.53, 1.01] .06 0.78[0.59, 1.03] .08
Asterisks vs. plain 1.01 [0.66,1.55] .95 0.99[0.57,1.69] .96 1.64 [1.13, 2.38] 01 1.15[0.87, 1.52] 31
Confidence limits vs. asterisks 0.7[0.46,1.06] .09 0.85[0.48,1.49] .57 0.4410.31,0.63] <.001 0.67[0.51, 0.89] .006
Clinicians vs. researchers 0.95[0.67,1.34] .77 0.75[0.48,1.19] .22 1.02 [0.77, 1.35] 92 0.871[0.69, 1.1] 24
Model for proportions changed formats®
Pie charts vs. bar graphs 1.0[0.85,1.19] .96 0.35[0.2, 0.6] <.001 1.12[0.83, 1.51] A7 1.210.91, 1.59] .20
Clinicians vs. researchers 1.06 [0.78,1.44] .73 1.48[0.82,2.67] .20 1.02 [0.75, 1.39] 90 1.12[0.84, 1.49] 44

#Adjusted odds ratios from a single multivariable logistic regression model estimated using generalized estimating equations [GEE] with the
cluster unit as the individual respondent. Terms for the fixed effects of the specific question were included in the models for accuracy. Adjusted
for respondent type [clinician, researcher] and for whether line-graph formats were seen before or after proportions changed formats. Statistically
significant findings are in bold font

®Adjusted odds ratios from a single multivariable logistic regression model estimated using generalized estimating equations [GEE], with the
cluster unit as the individual respondent. Terms for the fixed effects of the specific question were included in the models for accuracy. Adjusted
for respondent type [clinician, researcher] and for whether proportions formats were seen before or after line graphs. Statistically significant find-

ings are in bold font

for bar graphs), see Table 6. The most common response was
selection of the treatment that was better in absolute terms,
rather than “about the same,” which was deemed to be the
correct answer given that the between-treatment differences
were not statistically significant as indicated by the p value
(Fig. 4). With regard to selecting the wrong (incorrect) treat-
ment, researchers and clinicians were less likely to select the
incorrect treatment when pie charts were displayed (5.1 and
1.6%, respectively) compared to bar charts (14.7 and 11.2%,
respectively). Multivariable modeling analyses showed that
the odds of selecting the “correct” response did not differ
significantly by chart format or by respondent type, whereas
the odds of selecting the “incorrect” treatment were signifi-
cantly lower with the pie charts (OR 0.35; 95% CI 0.2-0.6;
p <0.001) but did not significantly differ by respondent type
(OR 1.48;95% CI10.82-2.67; p=0.198, Table 3). Complete
descriptive results are listed in Table 6, and the modeling
results are displayed graphically in Fig. 6.

Regarding format clarity ratings, 74% of clinicians and
71% of researchers rated pie charts “somewhat” or “very”
clear, and 70% of clinicians and 71% of researchers rated
bar graphs “somewhat” or “very” clear. These differences
were not statistically significant in the multivariate models,
when testing for an association with chart format or for an
association with responder type (Table 3). In terms of their
preferences, more respondents overall preferred bar charts
(52.8%) over pie charts (47.2%, p=0.03); clinicians were

@ Springer

equally split between bar and pie formats (50 vs. 50%) but
more researchers preferred bar charts (56% bar vs. 44% pie
charts, p=0.11).

Qualitative themes coded from the one-on-one interviews
and online comments are summarized in Table 5. Illustra-
tive comments reveal that several respondents were negative
about pie charts, whereas others were negative about bar
charts, each for different reasons. Further, comments con-
cerning the p-value annotations reflected uncertainty about
the meaning of p=0.10 for the physical domain, as well as
uncertainty about how to clinically interpret a significant
p-value below 0.05.

Discussion

With the increasing prevalence of PROs in clinical trials
and other comparative research studies, information on how
to present PRO findings so that clinicians can understand
them and incorporate them into clinical practice is critical.
In previous research, clinicians often expressed difficulty
interpreting PROs, [11, 20] so research evaluating clinicians
and researchers’ accuracy of interpretation, and presenta-
tion factors associated with these interpretations is criti-
cally needed [21]. Our survey of clinicians and researchers
showed that differences in displays of longitudinal PRO data
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A
Odds Ratio for correct responses (first format seen)
"More" —0—o Normed
"More" @ "Better"
Normed —0— "Better"
Odds Ratio for incorrect responses (first format seen)
Normed —@—o "More"
"Better" ——— "More"
"Better" —— Normed
I 1
0.1 0.5 1 2.0 10
B @ = Rated “Very Clear”
Legend: @ = Rated “Very Clear” or “Somewhat Clear”
Odds ratios for clarity responses
e 0
"More" Normed
e s
ey
"More" "Better"
e O
N d n "
orme Better
I 1
0.1 0.5 1 20 10

Odds Ratio (95% confidence interval)

Fig. S Multivariable modeling results displayed as odds ratios (ORs)
for accuracy and clarity ratings for line-graph formats. The point-
estimate of each OR indicates the preferred comparitor (format more
accurately interpreted or more clearly rated). Significant findings are
displayed in bold-face

Table 4 Preferred format: lines (by line format and responder group)

were associated with differences in how accurately they were
interpreted and on how clear they were rated to be.

A key finding is that clinicians and PRO researchers
sometimes misinterpreted simple graphs of PRO scores
when displayed in an array of function and symptom
domains. This misinterpretation resulted in the incorrect
treatment being chosen as superior for PROs, and was con-
sistently observed across formats for both clinicians and
researchers, suggesting a need to report PRO findings as
clearly as possible. For graphing mean PRO study results
over time, scale direction impacted on the misinterpreta-
tion rate, as did presenting normed data. Further, clarity
ratings were also higher when directionality was consistent
(higher =better results). Annotations of line graphs to illus-
trate clinical or statistical significance were favored by the
majority of respondents, and did not decrease interpretation
accuracy. For displays of proportions of patients changed
from baseline, misinterpretation occurred with both pie
charts and bar charts and among both researchers and clini-
cians (although no differences were detected between the
two responder groups).

These findings should be interpreted in the context of the
study design and its limitations.

The internet survey relied on convenience samples using
online platforms, and on self-reported eligibility. Although
a variety of target populations were identified, a snow-ball
sampling approach can lead to a less diverse sample as indi-
viduals tend to recruit others like themselves. The overall
sample size was sufficiently powered to detect statistically
significant results, but provided limited power for subgroup
analyses. Further, we did not ascertain how familiar respond-
ents were with the presentation formats, and learning effects

Clinicians Researchers
Regular Normed Reversed All* Regular Normed Reversed AlP
N=178 N=T77 N=78 N=283 N=83 N=82
N (%) N (%) N (%) N (%) N (%) N (%)
Preferred format
Plain 6(9.8) 14 (22.2) 6(9.0) 26 (13.6) 4(5.9) 8 (4.1) 5(8.2) 17 (8.5)
Lines with clinical significance 27 (44.3) 20 (31.7) 19 (28.4) 66 (34.6) 32 (47.1) 28 (38.9) 26 (42.6) 86 (42.8)
Lines with confidence limits 28 (45.9) 29 (46.0) 42 (62.7) 99 (51.8) 32 (47.1) 36 (50.0) 30 (49.2) 98 (48.8)
Missing 17 14 11 42 15 11 21 47

ap =0 < 001 for y? goodness-of-fit test for equal distribution of responses (33%) for clinicians across formats

°p =0 < 001 for X> goodness-of-fit test for equal distribution of responses (33%) for researchers across formats

@ Springer



Qual Life Res (2018) 27:75-90

86

a1
saouaIayIp Jueyroduwr A[[esruro pue 2ouedyIuSIsS [8d

-1spe)s SuruIouod AynJiquie ay) WYSIYSIY 210§210)
SOAIND 3} PUB ‘IQJIP sSuTuLaw anfeA d pue , ],

[¥] parernores a1om sonjea-d ay)

MOY UOTJRULIOJUT OU J[NS3I B SB PUR PIJR[NO[RI/PIjeul
-1S9 9I9M SAUI[ 9Y) MOY 21ed1pur Jou saop yderd ayJ,

(4] (AIDIA PAYSHQeISS Ue 1Y) ST ;pIsn sem
aImseowr JeyA\ ** sydeIs 9soy) uo paseq SOOUAIIYIP
juedyrusis A[edrur]d auruisyep o) pasoddns | we moy

[¥] 1xa1 sponaIR
oy ur paure[dxa oq p[nom _2oudIYIp Juelsodwr
A[reoruryo,, & SUTUTWLINGP JO POYIOW Y} ‘A[qeunsarg

[l
(urod awm Teuy Ay & 9OUIYIP dY) 31 ST ‘SaINSLau
pajeadar aaey nox ¢yuesardar anfea d oY) S90Op JeyM

[¥] (puaga| [eUONIPEI) B SNSIOA)
sou1] oyroads oy} 03 PadUI[ SI JUSUIBAL Y] JeY) Y] |

[¥] ured FYOIN Suniodar srxe-£
o) uo 1yS1y yim [oA9] ured Sumord sem 1 30adx9
P.I" " "1s931p 01 1oprey 21om syders 1omof om] oy,

[¥1 (1om0q
Surop 10 ured ss9[ sueaw dn Surog soury “9°1) andney

pue ured uo Suress  2SI9AI,, dALY O} [eNSNUN JIq € S,J]

[¥] (o109 = dn odwexs
10J) UOTIOQIIP WS 9Y) ALY JI 19)39q 9q pInom Ady [,

Jl Koua
-JSISUOD PIQU—ISIOM 10 12332q ST Ioy31y J1 SurpreSoy

[L0D] pea1 03 1opIey o[NI] & A19m Aoy JuBdYIUSIS
Kreoruro ore sjutod oW} YOIyM 998 0} JURPUNpaI
Q1e SYSLIR)SE YY) snd S[BAINUI OUIPYUOD Y} NUIY) |

[$0D] st SurAraas Jud

-IQJJIP A[[eonsnels Moy Jo 9suas B dAey A[[eal },uop
1 OS S[BAIOIUT 9OUSPLUOD O} POJBUTII[S 9A, AT,

[¥] eoueoyru3Is [eonsne)s 1091

0) SOIPMIS JOYIO UT PIsn USIJO SI JT 90UIS SUISNIU0D
sem doueysodw [eOIUI[O 9JOUp O} YSLIASE Juls)

[20D] sueauw jer)) jeym puelsiopun

Apoexa j,uop | ysSnoyye ‘yuerroduwr Afesrurd oq
0] POUTULIDJAP ST QOUAIIYIP 9y} Jey) sAes puado[ Y],

[$0D] uerorurd oy 03 [nydjay st ey
UOTJBULIOJUT [BOTISTB)S QIOW IO [SJRWLIOf 19U)0 Y]]
[20D] e pautwiayep sem jey syutod
Jwn JeyM J& MOUy 0} PIey SJI " [()°0=d SKes ey}
Suryy oy sy sem jurod 90udIJaI A[UO AUt 0S
[SLI9ISE OU ST Q1Y) ‘[eAISIUT OUIPIJUOD OU ST I,

[¥] (njSuruesw are saoUIj

-JIp J1[[9) 0) pIey JI SYBW SIXE X Y} UO SIOYOUR ON
[¥] 1u9sqe s1109339 9 Jo apmuSew

9Y) InQ “IB3[O ST SJUSUIILAI) USIM]SQ ISBIIUOD Y ],

(6001
dn 03 prnom 11 sudsiom an3nej se Jey) 9q p[nom
uoneurour Aw**doy ay3 03 pasoddo se wonoq ay)

Je ST anSNeJ AI9AS JBY) UT SUISNJUOD DIOW ST SUO ST,

[£0D] syde13 1noj ay) uo paxiux
ST 9SNBI3q SUOTIEIOUUod dANIsod 10 9ATESoU ARy

pinoys umop 1o dn Surog sourj Joyjoym Sursnjuod s |

[+00]
[1eI3p 0} UONIUIIE SO[D AI9A saxrnbar* 1aySiy

ydei3 ouo ur pue 1omo[ ydei3 auo ur st angnyej 10
reorsAyd s 31 1oy3oym - - *SuISNIUOD JeYMIWOoS I8 KAy ],

[S0D] 1n3diey A19A stjurod awn A19A9 Je [eAIIUL
90UIPYUOD Y} JO UONBOIRUIP A} PUB SYSLIASE A,

[¥] (mydjoy sem jey], "ysualse ue £q
PIEOIPUT SEM  20URIYIP Jueltodwur A[[esrur]o,, ayJ,

[£0D] awm ur jutod Jey) e Jou IO JuBOYTUSTS 2T0M
SQOUQIJIP Y} JT MOUY [ USY} 9SNEIAq ***SYIUOW
JUAIRHIp oY) Je [nyd[ay A[[enioe a1om SYSLIA)SE Y],

(9001
S[BAISIUT QOUSPYUOD Y] INOYIIM SI[Nsal Juaned
SUIMOUS UT JSATSED 1)) ST JEULIOJ YSTIOISE oY) 2AI[q |

[S0D] Surssru
sem [ Jeym mouy J up[nom | aw o3 papraoid sydeid
A[uo ay) a1om 9say) JI pue Je9[o axe sydeid ay,

[L0D] pea1 03 1015e2 31q AN © 21,40U ],

[10D] 18910 93nb a1e soajesway) sydeis ayJ,

[90D] 2andriosap pue 1eapd 9)mb are sydeid oy,

[60D] 10 213y 03 orduwrs Apirej sem it
pue mou 9[eds dy) puejsiopun | ‘ydeis oy Surmoraay

L[ 10D] 18310 aunb are asay syder3 urerd sy

SITWI QOUSPLUOD JO UOTIBIIPU]

Q0UBOYTUSTS [EOTUI[O JO UOTIRIIPU]

sydeis urejq
suonerea ydeid-our| uo sjuowrwio))

adA£) aury , pawioN],,

adKy oury om0,

adKy aury 2101A,,

ad£) ydei3-our] uo sjuswrio))

sySisut 0YO

SIUAUWIWIOD IATIBSON

SJUSUILOD DAT)ISOJ

syeww10j ydeis oy jo Arepo pue uonelardisjur Surpre3ar sjuswuod aanelenb oanejussaidoy ¢ d[qel,

pringer

Qs



87

Qual Life Res (2018) 27:75-90

(9ouBdYIUSIS [2O1ISTR)S 10U [BOIUI[D) SYSLIAISE 2] JO Suruedw oY) pajardiojursiu oAy Aewr Juopuodsal Iy,

$9X0q 1%} Papua-uado UIUO JY) WOLJ UYE) SIE SIUSWLOD SIAYIILISAI dANeIuasaIdoy

Juawwod 2y Suipraold uerorur[o oyroads oY) sejoudp sasoyjuared Ul IoqUINU YT, "SMIIAIUT UOsIad-UT Y} WOIJ UAYR) 2IB SJUIWWOD URIDIUI]D),

[¥] M550 saouaIayIp a1yM WSIY3IY 03

pasn aq pnod uostredurod paoadxa 2y} Jo senpIsax

aAaneredwod ay) pealsul’ " paseryd a1om SIUAWIEIS

0M] 91} S SUOSLIedUIOD [eNPIATPUT JNOQE SIUSWIL)S

Aynsnl 03 pasn oq Jouued 159} Jo 2d£) _x v woy
saAL1op A[qeqoid Jey) anfea-d [[e1aA0 oy} A[[eotuyo9],

[20D] paredwos 3uraq sem jeym Jeapoun
jsnf s 31 Inq ‘sydeisd oy Jo yoes Jo WS wonoq Ay}
ur st onfea d oy Jey) SI ow 0) SUISNJUOd S Jeym ury)

[10D] 3591 183 ur paredwos Suraq st jeym
AOUY ,UOD 9M JNQG DUBIYIUTIS JO 1$I) B UIAIS 91,9\

(41 60°0="eudye [ed1sse[d oy

POWNSSE T ‘PoYe)s SEM QUOU OUIS "PAIAPISU0D Furaq

sem (01°0 10 G0"0 Jo eydre ue 1oyoym uo papuadap
Jomsue ay) ‘uonouny rearsAyd uo uonsanb 151y 9y 104

[10D] pauasiom 0} dwes 0) paroidwr jo oner

9y 10 parodur snsioa parordwr Surredwod a1,9m

J1 mouy 1,uop om ‘uostredwod yoea 10j so[qeLIRA
991 9ABY oM 3SNBIAQ"“TeY) ST SNONFIqUE puy I JBypm

[£0D] sueaw A[n1 anfea d ay) yeym

0] SB PasnNjuod W, [ Ing ‘OWes 3y JNoge I8 SJUIWILIN)

umop ind | 9ouedyIuSIs-uou Jurersuowap ([ °Q St

anea J 9y Inq uawdsoidwr 90f pey X JUauleal],
quowroaoxdwr 9GS pey A JUSWIBAI], SYIUOW G Iy

[¥] paure[dxs APUaIIND SE SITWI] SOUIPHUOD
%66 101dI0)UT 0) SUBIOTUI[O SWIOS I0J JNOYJIP aq KB

[S0D] uoneyardidyur ur 10112 03 duoid

Q10w 9q 0) Sur03 a1 A[OYI] puB W} AIOW L)
Koy, “1o1dI03uT 0] J[NOLYIP 9q O} S}IRYD Jeq Sy} puy |

[€0D] uasiom

Aoy pIp yonuwt moy paussiom syuanied J1 ‘oroxdur

Koy p1p yonw moy paroxdur syusrjed J1 oUIULIOP

0] 9109S © 9ARY[ J,UOP ["*"[[® I8 [BAIAUI JOUIPYUOD
OU SI 210Y)" **SUISNJU0d KI9A 9Ie S)Ieyd Ieq Isay],

[80D] (s1uounean) oml oy
areduwiod 0 1a8u0[ 11q AN ¥ A saye) ydess eq Ay

[¥] js1reyo a1d asn 19A9N " ** JO ploy qers
ued noA jey) yooq udisop sorydeid Aue pear ased[d

[90D] yde13 a1d oy 03 pared
-wo synsa1 juaned aqrIdsep 0 Ja1ses st ydeid req

[602] Arrentur
pIen3 Jjo aw yojed pIp I1 0s pue pajuasaid ejep
9Y) 2AeY 0} JuId9s 0) PIsn W, ] Jey) JeWLIO) B J0U S|

[60D] QwosIaquind 31q € $)a3
J1 AJ[ensIA “19))9q ejep Yy} Jo peaids oy) Surpuels
-Iopun Joj [njd[ay 31q 9[NI[ © 9Ie SIeq JOLId A} S[IYA

[800] (eoueoyrusIs [eorur[d) oys jo Ayordus
Yy 1] I uIy T os Ja1dIoyur 03 Ased ssI[ J1q A[NI| ©
s 31 os Surdde[1aao 91,49y pue saulf Jo JO[ & Ik 1Y ],

[¥] syreyo ord
9y} ueY) peaI 0 J9ISLd yonw oq 03 ydeis suy puy |

(9001
9qLIOsap 0) SuIk1) 1,n0K 1eYM SMOYS A[IB[D JUIy)
1 sjuaned yim Sunyre) a1,nok uoym-*-ydeis req
9y Inq ‘sson3 | 19p[oyaq AY) Jo 42 Ay} uI s1 Aneag
(1021
suosLIedwod Jo9IIp 9Y) 995 0] Y)IOJ PUB Joeq 0UNoq
0) oAry nok sydei3 o1d 10§ *"SjuSUIILAI) OM] )
jsureSe peay 0} peay ‘poussIom IO duwes Y} Jnoqe
‘panoaduur ‘1039180 Yora MOYS UBRd " (S)IBYD Jeg)

(S0l

Suryew UoISIOAp JuaUILN INOQe Juaned ) YPIm

SUOISSNOSIP UT UOT)eLIOfuT Jue)todwr s Jey) yury)

] pue owes ay) JNoqe 1o Jurudsiom ‘Juawasordur
Sune)s syuaned Jo soFejuadrad dw soAIS 1reyod aid oy,

[¥] 42 oy uo 191589 SAemIe ST 1aeyd aid v

[80D] siuswyean ay) axredwod 03 105uo|
11q 9[NI] B dw saxe) ydeis req oy S1IBYD 0M) )
aredwods pue 99s 0 urelq Auw J0j 191se? Isnf s J1 yuiy) |

S)Ieyo Jeg

S)Ieyd 91g

paSueyd suontodoid Surmoys sjeuIo] Uo SJUAWWOD)

[100] deproro

SOAJOSWAY) S[RAISIUT QOUIPLYUOD A} ISAIMOY

‘SJUWIIRAT) OM] 9SAY) U9M)q 9SUBYD [BITUI[O JUBD
-JIusSIs © ST 9193 Jet]) ST Surisaroiur anb osye s Jeym

[£0D] way) usamiaq 20U

-IQJJIP 9} UI j90ULOYIUSIS [EONSIIRIS 9JeNSUOWIP

0) JSLIQ)SE AU} SB [[9M SEB BIJEp ) JO JUAWISINGSIP
9} JO BOPI UB NOA 9AIS 0) SIOLIO pIepue)s 1oq 9AeS 1]

sySisur 0YO

SIUAUWILIOD IATIBSON

SJUSUILOD SAISOJ

(ponunuod) g IqeL,

pringer

a's



88

Qual Life Res (2018) 27:75-90

Table 6 Accuracy and clarity

- Clinicians Researchers
responses for “proportions
changed” formats Pie charts Bar charts Pie charts Bar charts
N=117 N=116 N=123 N=125
N (%) N (%) N (%) N (%)
Accuracy: first format seen
Physical activities (function domain)
Treatment X 0 0) 4 (3.4) 0 0) 2 (1.6)
Treatment Y 69 (59.0) 69 (59.5) 95 (77.2) 70 (56.0)
About the same?® 31 (26.5) 27 (23.3) 13 (10.6) 29 (23.2)
Missing 17 (14.5) 16 (13.8) 15 (12.2) 24 (19.2)
Pain (symptom domain)
Treatment X* 87 (74.4) 80 (69) 101 (82.1) 80 (64.0)
Treatment Y 5.1) 15 (12.9) 2 (1.6) 16 (12.8)
About the same (6.0) 5 4.3) 5 “.1) 5 4.0)
Missing 17 (14.5) 16 (13.8) 15 (12.2) 24 (19.2)
Number of questions correct
Both questions 23 (19.7) 20 (17.2) 8 (6.5) 19 (15.2)
One question 72 (61.5) 67 (57.8) 98 (79.7) 71 (56.8)
Neither question 22 (18.8) 29 (25.0) 17 (13.8) 35 (28.0)
Number of questions incorrect®
Both questions 0 0) 1 0.9) 0 0) 2 (1.6)
One question 6 5.1 17 (14.7) 2 (1.6) 14 (11.2)
Neither question 111 (94.9) 98 (84.5) 121 (98.4) 109 (87.2)
Clarity rating: first format seen
Very clear 85 (42.5) 71 (35.5) 80 (38.1) 76 (36.4)
Somewhat clear 63 31.5) 68 (34) 70 (33.3) 73 (34.9)
Somewhat confusing 37 (18.5) 48 (24) 49 (23.3) 51 (24.4)
Very confusing 15 (7.5) 13 (6.5) 11 5.2) 9 4.3)
Missing 33 33 38 39
Format preference
Format preferred 99 (50.0) 98 (50.0) 90 (44.3) 113 (55.7)
Missing 36 45

“Denotes “correct” response

®Answers were coded as incorrect when the wrong treatment was selected by the respondent (answers to
“about the same” response were ignored—see text for further details)

may have affected the findings. Accuracy of interpretation
required attention to the displayed p-value (but analysis of
“incorrect” responses overcame this limitation). We limited
the scope of presentation issues to representation of the trial
PRO results, and did not include additional information such
as compliance tables or number of patients providing data
at given time points; further research is required to address
these issues. Strengths of the study include the large sam-
ple resulting from online distribution, thus including par-
ticipants from a variety of locations. The survey design
including 18 versions to control for order effects improved
the robustness of the findings. The one-on-one interviews
permitted purposive sampling and provided qualitative data
that supplemented the online comments and complemented
our previous qualitative findings [14, 15].

@ Springer

Improving the accuracy of interpretation of PRO study
findings remains a challenge for the field in many ways.
First, using graphic presentations that most clinicians and
researchers intuitively understand may help, and findings
from the present study could inform the selection of optimal
data presentations. Second, our quantitative and qualitative
findings make clear that no one approach for either longitu-
dinal data or proportions changed is universally appealing,
nor is free of misinterpretation errors. Thus, additional strat-
egies beyond design of presentation are required. Third, con-
sistency of PRO presentation is very likely to have value. In
oncology for example, survival curves and toxicity data from
randomized clinical trials are typically reported consistently
across trials, whereas PRO data reporting is highly variable.
Fourth, our qualitative findings suggest that challenges in
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Fig. 6 Multivariable modeling results displayed as odds ratios for
accuracy and clarity ratings for proportions changed formats. For
interpretation please see Fig. 5 legend

interpreting constructs that underlie the data—such as the
nature of cut-points used to categorize patients into propor-
tions changed, or the meaning of a particular numeric group
score—also contribute to the perceived clarity and under-
standing of PRO displays. Our findings suggest that adding
annotations such as indications of score meaning and clinical
significance may assist with clinical interpretation.

In conclusion, this study with its large sample, combina-
tion of quantitative and qualitative data, and careful design
can inform best practices for presentation of PRO data to
improve interpretability. No presentation formats were free
of interpretation error; however, respondents were less likely
to make interpretation errors when mean group data were
not normed, and when proportions changed were displayed
in pie charts. These results can inform best practices for
displaying of PRO data.
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