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Responsiveness and interpretation of the PROMIS Cancer
Function Brief 3D Profile
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BACKGROUND: Measuring function with valid and responsive tools in patients with cancer is essential for driving clinical decision-
making and for the end points of clinical trials. Current patient-reported outcome measurements of function fall short for many rea-
sons. This study evaluates the responsiveness of the Patient-Reported Outcomes Measurement Information System (PROMIS) Cancer
Function Brief 3D Profile, a novel measure of function across multiple domains. METHODS: Two hundred nine participants across five
geographically distinct tertiary care centers completed the assessment and pain rating at two outpatient cancer rehabilitation clinic
visits. Patients and providers completed a global rating of change measure at the second visit to indicate whether the patient was
improving or worsening in function. Multiple response indices and linear models measured whether the measure was responsive to
self-reported and clinician-rated changes over time. Correlations between changes in function and changes in anchors (pain rating and
performance status) were also calculated. RESULTS: Function as measured by the PROMIS Cancer Function Brief 3D Profile changed
appropriately as both patients and clinicians rated change. Small to moderate effect sizes supported the tool’s responsiveness. Function
was moderately correlated with pain and more strongly correlated with performance status, and changes in function corresponded with
changes in anchor variables. No floor/ceiling effect was found. CONCLUSIONS: The PROMIS Cancer Function Brief 3D Profile is sensitive
to changes over time in patients with cancer. The measure may be useful in clinical practice and as an end point in clinical trials. Cancer
2022;128:3217-3223. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an
open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

LAY SUMMARY:
* We gave patients a questionnaire by which they told their physicians how well they were functioning, including how fatigued they were.
* This study tested that questionnaire to see whether the scores would change if patients got better or worse.

KEYWORDS: cancer fatigue, cancer rehabilitation, function, outcome measurement, patient-reported outcome measures, Patient-
Reported Outcomes Measurement Information System (PROMIS), rehabilitation outcomes.

INTRODUCTION
Measuring function with valid patient-reported outcome measures (PROMs) is essential to cancer and rehabilitation
research. PROM s help us to assess the effectiveness of interventions, understand the extent of disability that a patient is
experiencing, and track the long-term trajectory of function. Valid measures that respond to changes in patient status are
especially crucial in guiding clinical decision-making and informing research outcomes.'™

It is critically important to accurately measure function in cancer care for numerous reasons. First, the decision to
prescribe potentially toxic antineoplastic therapy relies heavily on a patient’s physical and cognitive function to ensure
that the patient can tolerate treatment. Second, multiple guidelines have called for ways to measure function to direct
treatment decision-making, to evaluate patients’ impairments, and for end points of clinical trials.*® Finally, measuring
function in patients with a history of cancer helps to inform clinical decision-making for rehabilitation and resource uti-
lization. Understanding the responsiveness of a measure, including the use of anchors to indicate change, is essential to
ensure that change is detected.
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Unfortunately, function is inconsistently measured
in padents with cancer, and PROMs often measure
health-related quality of life and not actual physical and/
or cognitive function.” Measures that purport to mea-
sure function often include items that are not directly
linked to function and are not obviously modifiable with
rehabilitation, including a patient’s religious beliefs, his
or her family’s acceptance of the diagnosis, nausea, and
10,11
To improve the evaluation of function in patients
with cancer, the Cancer Rehabilitation Medicine Metrics
Consortium developed the Patient-Reported Outcomes
Measurement Information System (PROMIS) Cancer
Function Brief 3D Profile, a composite of three short
forms that evaluate the primary domains of gross and
upper extremity motor function, fatigue, and social par-
ticipation as well as subdomains, including cognition,
fine motor skills, and more.'” Scores generated by the
PROMIS Cancer Function Brief 3D Profile are represen-
tative of patients with cancer across all tumor types and
stages and multiple trait ranges, including disease severity
and the presence of active disease versus no evidence of
disease. "’

Although this PROM represents a true measure
of cancer patient function using item response theory—
calibrated items, additional analyses of the comparative
responsiveness of the measure are needed to further sup-
port its use in informing clinical decision-making, re-
search outcomes, and longitudinal studies. This article
reports the results of a test of the measure’s responsiveness
to change, longitudinal construct validity, and relation to
anchor variables.

MATERIALS AND METHODS
Patients treated in outpatient cancer rehabilitation clinics
at five tertiary academic medical centers were recruited via
a convenience sample to test the validity of the PROMIS
Cancer Function Brief 3D Profile (Table S1). There were
no restrictions in terms of demographic characteristics,
tumor type or stage, ot whether the patients were actively
receiving or had previously received antineoplastic treat-
ment. To be included, patients had to be 18years old or
older and had to either have sufficient English proficiency
to complete the questionnaire (written at an approxi-
mately eighth-grade reading level) or have a caregiver pre-
sent who could help them to complete the items.
Patients who presented for follow-up visits and
filled out the PROM at both time points were included
in this analysis to evaluate changes between visits 1 and
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2. Additional follow-up visits were not included in the
analysis because of decreasing numbers of patients who
were evaluated three or more times. There were no re-
quired time points for the follow-up assessment, as sub-
sequent visits were scheduled on the basis of clinical need
as determined by the rehabilitation physician. Responses
were recorded on either paper or a tablet according to
the resources available at the study performance site, and
data were entered into a REDCap database (copyright
Vanderbilt University). Incomplete data were excluded
from analysis. Internal ethical review board approval was
obtained at each performance site. The University of
Michigan was the coordinating center and was responsi-
ble for data management.

Patient-reported assessments

Patients who consented to the study completed the
PROMIS Cancer Function Brief 3D Profile, a 0-10
numeric pain rating scale (NRS), and a global rating of
change scale (GRS) at follow-up visits. Specifically, they
responded to “Since my last visit here, I am...” on a
five-item Likert scale that included “a lot worse,” “a little
worse,” “no change,” “a little better,” and “a lot better.”
One of the six performance sites for the initial validation
study of the measure did not record the GRS, so no data
from that site were included in this study.

Clinician-reported assessments

The cancer rehabilitation physicians treating the patients
also completed a GRS and answered “Since this patient’s
last visit here, he/she is...” with the same answers avail-
able for the patient GRS. The same physician completed
the assessment for each patient to ensure the validity of
the clinician-perceived global rating of change. Physicians
also input clinical information about the patient at each
visit; the Karnofsky Performance Scale (KPS) was assessed

by the rehabilitation physicians at the time of the visit. ',

Statistical analysis
Longitudinal construct validity

Muldiple hypotheses were tested for longitudinal con-
struct validity, with at least 75% of the hypotheses need-
ing to be accepted for sufficient construct validity and
responsiveness (Table 1). 15

Pearson correlation coefficients were calculated to
determine the relationship between the KPS and the NRS
and PROMIS Cancer Function Brief 3D Profile scores in
each of the three domains. A threshold of |R|> 0.3 deter-
mined if there was a moderate correlation, and |R|> 0.5
indicated a strong correlation.
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TABLE 1. Responsiveness and Longitudinal
Construct Validity Hypotheses

Function will change in line with the patient-reported global rating of
change.
Function will change in line with the clinician-reported global rating of
change.
There will be a negligible effect size for patients who report no change.
Function will improve as the performance status improves.
Function will improve as pain decreases.

Responsiveness

There is no consensus opinion about a single approach to
assessing a PROM’s responsiveness, but many psychom-
etricians recommend a combination of anchor-based
and distribution-based methods (which has been borne
out in numerous studies), including PROMs that evalu-
ate patients with cancer and are based on item response
theory."®** These studies used patient-reported global
ratings of change as an anchor as well as clinical factors
that may change over time (e.g., performance status and
pain). Additionally, there are several possible statistical
approaches to evaluating responsiveness, with no gold
standard.?

In this study, responsiveness was measured in mul-
tiple ways. Mean changes in scores and standard devi-
ations (SDs) were calculated for individual patient and
clinician ratings on each of the three short forms. For
example, the mean change and SD for every patient
who completed the physical function short form and
indicated that they were “a lot worse” since their last
visit were calculated. Because of subtle discrepancies in
patients completing each of the three short forms, the
number of responses differed slightly among the three
domains. Function was analyzed vis-a-vis a change in
clinician-rated and patient-reported GRS, KPS, and
NRS, as recorded at both visits. A change of 2 points
on the NRS was the cutoff for measuring change on the
PROM,; this was based on multiple prior studies find-
ing that the minimal clinically important difference on
the NRS ranged from 1.5 to 2.2.77%

Furthermore, effect size was measured in two ways.
Guyatt’s responsiveness statistic (RS) was calculated by
dividing the reported change in each group by the SD of
the group that indicated no change.? The standardized
response mean (SRM) is another index used to gauge
the responsiveness of scales to clinical change, and it
was determined by calculating the mean change by
the SD of the change. Two responsiveness indices were
used to ensure the accuracy of the results. Both indi-
ces were analyzed in the patient- and clinician-reported
global rate of change groups. Scores 0f 0.2, 0.5, and 0.8
were used as cut points for small, moderate, and large
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responsiveness, respectively, for the RS index. The SRM
effect size was deemed to be small from 0.20 to 0.49,
moderate from 0.50 to 0.79, and large if it was higher
than 0.80.%7%°

Interpretability and measurement error
To augment the responsiveness data and to make the
PROM more usable, multiple approaches were used
to evaluate the interpretability of the PROMIS Cancer
Function Brief 3D Profile. First, the minimal important
change, defined as the smallest change perceived to be
important, was calculated as the mean change in partici-
pants who rated their function as “a little bit worse” or
“a little bit better.” Next, detectable change, defined as
the amount of change not attributable to measurement
error within a 95% confidence interval, was calculated by
multiplying the standard error of measurement (SEM) by
1.96 and the square root of 2.’ This formula has been
used in prior studies evaluating the responsiveness of sim-
ilar PROMs.*%%!

The SEM was generated to evaluate the maximum
difference between an observed score and a true score of a
person’s function in each of the three domains. This was

calculated with the following formula:
\/ [(SD1% + SD2? ...)) / n-where  is the number of

32
responses.

Finally, calculations were performed to determine
whether a floor/ceiling effect was present by assessing
how many patients scored the highest (ceiling) or lowest
(floor) possible score in each domain during either visit.
A cutoff of >15% was used to determine whether a floor

1 1
or ceiling effect was present.”

RESULTS

Patient characteristics

Demographic and clinical data for the cohort, includ-
ing disease group, age, and gender, are included in Table
S2, which presents a comparison with the original vali-
dation study of the PROMIS Cancer Function Brief 3D
Profile.”” Two hundred nine patients had a follow-up
assessment across the five performance sites during the
study duration.

Longitudinal construct validity and
responsiveness

No hypotheses regarding longitudinal construct validity
were rejected (Table 1). Both patient and clinician per-
ceptions of change, as measured on the five-point GRS,
aligned with changes in the PROMIS Cancer Function
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TABLE 2. Score Changes Between Assessments 1 and 2 by Patient and Physician Change Ratings (five levels)

Lot worse Little worse No change Little better Lot better
Physical function
Patient N 12 27 45 71 28
Mean -1.08 -1.97 -0.53 0.85 0.97
SD 2.48 2.04 2.27 2.67 3.31
Cl 1.40 0.77 0.66 0.62 1.28
SRM —-0.44 -0.97 -0.23 0.32 0.29
RS —0.48 -0.87 -0.23 0.37 0.42
Physician N 8 29 50 70 26
Mean —2.88 -0.93 0.12 0.71 1.42
SD 3.23 3.17 2.73 3.96 3.43
Cl 2.24 1.15 0.76 0.93 1.28
SRM -0.89 -0.29 0.04 0.18 0.41
RS -1.05 -0.34 0.04 0.26 0.52
Fatigue
Patient N 13 28 46 71 29
Mean 1.28 0.75 0.35 -0.55 -1.28
SD 2.39 2.05 2.37 2.67 3.26
Cl 1.30 0.76 0.68 0.62 1.19
SRM 0.51 0.37 0.15 -0.21 -0.39
RS 0.51 0.32 0.15 -0.23 -0.54
Physician N 10 29 50 71 27
Mean 0.80 1.59 0.22 -0.66 -1.52
SD 1.28 2.82 2.42 2.27 3.27
Cl 0.76 1.03 0.67 0.53 1.28
SRM 0.65 0.56 0.09 -0.29 —-0.46
RS 0.33 0.66 0.09 -0.27 —-0.63
Social participation
Patient N 12 27 42 68 28
Mean -1.25 -0.19 0.10 0.60 1.98
SD 1.14 2.24 2.02 1.97 2.80
Cl 0.65 0.84 0.61 0.47 1.04
SRM -1.10 —0.08 0.05 0.30 0.46
RS -0.62 -0.09 0.05 0.30 0.96
Physician N 10 28 48 66 25
Mean -0.20 -1.00 0.52 0.64 1.68
SD 1.48 1.94 1.95 2.30 2.50
Cl 0.92 0.72 0.55 0.55 0.98
SRM -0.14 -0.52 0.27 0.28 0.67
RS -0.10 —0.51 0.27 0.33 0.86

Note: Columns indicate global rating of change scores, which reflect a patient’s overall perception of change (not specific to each domain).
Abbreviations: Cl, 95% confidence interval of the mean; RS, Guyatt’s responsiveness statistic; SD, standard deviation; SRM, standardized response mean.

Brief 3D Profile across physical function, fatigue, and
social participation scores (Table 2). When the GRS
was broken down into just three scores—worse, same,
and better—the correlation was even stronger (Table 3).
Patients and clinicians tended to perceive that they had
improved between visits, with more than 50% selecting
that they were either “a little better” or “a lot better” since
their previous visit.

Effect sizes, determined by RS and SRM, were
small to moderate. Larger perceived changes (higher
or lower function) had larger effect sizes than “a lit-
tle” change as rated by both patients and clinicians.
Similarly, mean changes in function were generally
greater in magnitude when patients and clinicians se-
lected “a lot better” or “a lot worse” for the GRS scales
(Table 2). The mean change in score was higher when
the GRS was condensed into three categories (worse,
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same, and better), but the effect sizes remained small to
moderate (Table 3).

Scores on the PROMIS Cancer Function Brief 3D
Profile responded appropriately as KPS scores changed:
As the performance status declined or improved, so
too did the mean score of the assessment in each of the
three domains. Approximately half of the patients had
no change in the KPS between visits, and those whose
KPS scores declined or improved were split roughly
evenly. The absolute values of the Pearson correlation
coefficients were all greater than 0.3, with physical
function having the strongest correlation with the KPS
(Table 4).

Changes in function also responded to the NRS
anchor; as patients reported higher levels of pain,
function declined across all three domains (Table 4).
Conversely, reduced pain was associated with mean
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TABLE 3. Score Changes Between Assessments
1and 2 by Patient and Physician Change Ratings
(three levels)

Worse No change  Better

Physical function

Patient N 39 45 99
Mean -1.69 -0.53 0.96
SD 3.61 2.54 2.96
Cl 1.13 0.66 0.58
SRM -0.47 -0.21 0.32
RS -0.67 -0.21 0.38
Physician N 37 50 96
Mean -1.35 0.12 0.91
SD 3.24 2.73 3.33
Cl 1.02 0.76 0.67
SRM -0.42 0.04 0.27
RS -0.49 0.04 0.33
Fatigue
Patient N 41 46 100
Mean 0.90 0.35 -0.76
SD 2.14 2.37 2.85
Cl 0.66 0.68 0.59
SRM 0.42 0.15 -0.27
RS 0.38 0.15 -0.32
Physician N 39 50 98
Mean 1.38 0.22 -0.90
SD 2.52 2.42 2.60
Cl 0.79 0.67 0.51
SRM 0.55 0.09 -0.35
RS 0.57 0.09 -0.37
Social participation
Patient N 39 42 96
Mean —0.51 0.10 0.99
SD 2.01 2.02 2.31
Cl 0.63 0.61 0.46
SRM -0.25 0.05 0.43
RS -0.25 0.05 0.49
Physician N 38 48 91
Mean -0.79 0.52 0.92
SD 1.85 1.95 2.39
Cl 0.59 0.55 0.49
SRM -0.43 0.27 0.38
RS -0.41 0.27 0.47

Note: Columns indicate global rating of change scores, which reflect a pa-
tient’s overall perception of change (not specific to each domain).
Abbreviations: Cl, 95% confidence interval of the mean; RS, Guyatt’s re-
sponsiveness statistic; SD, standard deviation; SRM, standardized response
mean.

T scores of improved function (including reduced fa-
tigue). Patients with pain scores that changed by 0-1
points (not reaching the threshold of clinical signif-
icance), who represented more than half of the sam-
ple, had relatively unchanged function scores across all
three domains. The Pearson correlation coefficients all
showed an association between pain and function; how-
ever, it was not as strong as the association between the

KPS and function.

Interpretability
Values for the minimal important change ranged from
—1.91 to 0.85 and are included in Table 5. Detectable
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TABLE 4. Changes by the Magnitude of the KPS and
Pain Scale Changes Between Assessments 1and 2

Karnofsky change

<-5 Between5and-5 >5 Pearson R
Physical 0.68
function
N 44 93 46
Mean -0.20 0.23 1.80
SD 3.21 3.26 3.40
Fatigue -0.32
N 40 99 48
Mean 0.80 -0.12 -1.14
SD 2.57 2.68 2.87
Social par- 0.49
ticipation
N 40 94 43
Mean -0.10 0.45 1.56
SD 2.38 2.26 2.41
NRS change Pearson R
>1 0-1 <1
Physical -0.32
function
N 22 115 44
Mean -1.95 0.23 1.95
SD 3.66 3.26 2.93
Fatigue 0.44
N 22 114 45
Mean 1.14 0.05 —-1.08
SD 1.81 2.55 2.94
Social par- -0.36
ticipation
N 19 109 45
Mean -0.89 0.69 1.09
SD 2.18 2.06 2.30

Abbreviations: NRS, numeric pain rating scale; KPS, Karnofsky Performance
Scale; SD, standard deviation.

change within 95% confidence ranged from 6.31 to 7.42
across the three domains. No floor or ceiling effect was
found in any domain, as the number of maximum and min-
imum scores was well below 15% in each domain. Values
for SEM ranged from 1.61 to 2.30 across the domains.

DISCUSSION
Using patient and provider global rating of change data,
we found that the PROMIS Cancer Function Brief 3D
Profile was responsive to changes across all domains
when it was measuring function in patients with can-
cer. As expected, function changed in line with both
patient- and clinician-reported GRS, and negligible ef-
fect sizes were seen in patients who reported no change.
Additionally, scores changed appropriately when the
anchors of performance status and pain rating changed.
The results confirmed the authors” hypotheses regard-
ing responsiveness.

Effect sizes were typically moderate or small,
and this was consistent with other studies evaluating
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TABLE 5. MIC Scores, Detectable Changes, and Floor/Ceiling Effect Measurements

MIC, self-reported

MIC, self-reported improvement

Domain decline (SD) (SD) DC95 SEM Floor/ceiling, %
Physical function -1.91 (2.04) 0.85 (2.67) 6.39 2.30 0.82/2.46
Fatigue 0.75 (2.05) —0.55 (2.67) 7.42 1.89 2.67/8.29
Social participation -0.19 (2.24) 0.60 (1.97) 6.31 1.61 7.06/4.24

Abbreviations: DC95, reliable change score with 95% confidence; MIC, minimal important change; SD, standard deviation; SEM, standard error of measurement.

PROM:s in patients with cancer.”"*® Furthermore, our
results are consistent with prior studies finding that pa-
tients with cancer tend to require less of a change to re-
port improvement in comparison with worsening.m34
These results were not surprising in light of the nu-
merous factors that contribute to functional decline in
patients with cancer; for example, rehabilitation inter-
ventions may not improve function in a patient who ex-
periences disease progression between assessment time
points. However, large effect sizes were seen in patients
who reported more significant change, and this further
validated the PROM as a measure of function. The
larger effect sizes with higher perceived rates of change
potentially suggest that patients without disease-related
factors may improve significantly on this PROM, and
patients with advancing disease and/or new treatments
may not respond as well to rehabilitation interven-
tions. The lack of strict time points for the follow-up
assessment and a controlled clinical trial environment
contributed to wide patient variability; this may have
reduced the effect size but also makes the assessment
more applicable to real-world use.

Both the KPS and the NRS were sufficient anchor
variables with the measure, with the KPS understand-
ably having a stronger association with function than
the NRS. The stronger relationship between function
and performance status, in comparison with pain,
is likely due to the fact that the KPS is a clinician-
measured assessment of physical and cognitive health,
which is closely linked to function. Additionally, not
every patient needing rehabilitation has significant
pain; for example, a hemiparetic patient with a glio-
blastoma may report no pain but have severe limitations
in function. It is likely that patients with pain have re-
duced function (and vice versa), and this link should
be explored in more depth. These findings support this
PROM complementing clinician-rated function. Used
together, they may lead to a better understanding of
the effectiveness of interventions or a patient’s ability to
tolerate cancer treatments.

3222

Although the findings support the use of the
PROMIS Cancer Function Brief 3D Profile as a measure
of function in patients with cancer, there are limitations.
First, the lack of consistent assessment intervals precluded
reliability testing. Further work is needed in this regard. It
is worth pointing out, however, that this was a real-world
assessment of patients, as they were followed up on the
basis of clinical needs and not on the basis of arbitrary re-
search time points. Second, further testing of the construct
validity, including against legacy PROMs or a symptom
assessment tool, would bolster the case for using this in-
strument. Comparing this assessment with clinical mea-
sures such as balance tests or the 6-min walk test may also
provide insight into ways to best record function in this
population. Next, physician assessors were not blinded by
study design to patient GRS scores; it is possible that some-
times physicians saw patient-reported scores before they
input their own. Physicians who used tablets to enter their
responses, however, could not see patient scores, and this
represented well over half of the study sample. Finally, the
nature of cancer is such that many disease-related factors
may have contributed to changes in function, especially
worsening. In this sample, it is not clear how much these
factors contributed to PROM score changes; however, the
measure reflected changes in function appropriately.

In conclusion, the PROMIS Cancer Function Brief
3D Profile has sufficient longitudinal construct validity
and responsiveness. This, coupled with prior validity test-
ing, supports its use as a measure of function in patients
with cancer. Investigation into its reliability is an area of
future study.
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