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Abstract

Purpose To determine how participation in daily life is impacted during the first six months following a new cancer diagnosis
and to identify risk factors for participation restrictions. Patient-reported outcomes (PROs) were used to suggest referrals
to rehabilitation services.

Methods Participants (n=123) were adults (> 18 years) with the newly diagnosed primary brain, breast, colorectal, or
lung cancer. PROs were collected at baseline (within 30 days of diagnosis/treatment initiation), two and five months post
baseline. Daily life participation was assessed through the community participation indicators (CPI) (score range: 0—1) and
patient-reported outcome measurement information system (PROMIS) ability to participate, (score range: 20—-80; mean:
50, SD: 10). PROMIS-43 profile was also completed. Linear mixed-effect models with random intercept evaluated change
in participation over time.

Results The baseline total sample mean CPI score was 0.56; patients reported mildly impaired participation based on
PROMIS scores (baseline: 46.19, 2-month follow-up: 44.81, 5 months: 44.84). However, no statistically significant changes
in participation were observed over the study period. Risk factors for lower participation included receiving chemotherapy,
lower physical function, higher anxiety and fatigue, and reduction in employment, p <0.05. PROs indicated that roughly
half of the participants may benefit from physical or occupational therapy or mental health support, but only 20-36% were
referred by their medical team.

Conclusion People newly diagnosed with cancer experience impaired participation, but they are infrequently referred to
supportive services such as rehabilitation. The use of PROs to assess participation, physical function, and mental health
can promote access to supportive care services by identifying patients who may benefit from rehabilitation beyond those
identified through routine clinical care.
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Daily life participation, defined as doing what an individual
finds important or meaningful in their daily life, is a priority
among people living with and beyond cancer [1]. However,
participation is rarely included in outcome assessments or
clinical care [2—4]. The lack of focus on participation may
relate to underdetection and treatment of cancer-related dis-
ability [5, 6]. There are a number of competing priorities in
oncology care as providers work with patients to balance
disease survival, treatment toxicities, and quality of life
(QOL) [7]. Participation in daily life is another important
area to address because it is prioritized by patients, can pro-
tect against cognitive decline, improve QOL, and decrease
mortality [8—11].

Restricted participation is only one facet of disability;
people with a cancer history can experience challenges in
health domains such as physical function, cognition, and
mental health [4, 12—-18]. This multitude of potential chal-
lenges can make it difficult to comprehensively screen
for impairments and refer patients to supportive services.
Although some perceive biopsychosocial screening as
burdensome, this comprehensive screening approach can
enhance patient-provider communication and care effi-
ciency, capture nuanced disease-related changes, and pin-
point patient priorities [19].

Comprehensive screening should include an assessment
of daily life participation, but this is not common practice
[4, 20, 21]. Using patient-reported outcome (PRO) measures
is a promising approach to evaluating participation with-
out increasing clinical burden. Evaluating participation
can facilitate conversations between patients and clinicians
about daily life challenges and support early intervention and
referral to supportive services [4, 20, 22]. The current study
prospectively examined the degree to which participation
changes during the first six months after a new cancer diag-
nosis. We hypothesized that participation would decrease
over time. Secondarily, we identified risk factors for par-
ticipation restrictions and used PROs to suggest referrals to
rehabilitation services.

Methods
Participants

Eligible participants were over 18 years old with a new
primary diagnosis of brain, breast, colorectal, or lung can-
cer, able to read and understand English, had an email or
phone number, and were able to communicate indepen-
dently. Patients were enrolled within 30 days of initiating
treatment or surgery for their diagnosis. A history of a dif-
ferent cancer type (e.g., prostate) did not exclude partici-
pants. We excluded individuals with cancer recurrence of
the four included diagnoses, aphasia, or impaired cognition
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inhibiting their ability to provide informed consent, as
judged by the medical team.

To identify potential participants, we screened clinic lists
and attended team rounds and in-person clinic visits. Medi-
cal team approval was provided prior to contacting patients.
From March to September 2021, 228 of 271 eligible individ-
uals were contacted by the study lead (AL) over the phone
or in person during clinic visits to participate. All measures
were completed at baseline (within 30 days of diagnosis/
treatment start), two- and five-month follow-up. Most par-
ticipants completed the measures online at home (Table 1);
they received an email with a personalized survey link for all
surveys. Family members/friends or a study team member
supported survey completion when needed. Data were col-
lected from March 2021 to February 2022. The institutional
review board and protocol review and monitoring committee
at Washington University in St. Louis School of Medicine
approved this study.

Measures

The community participation indicators (CPI) evaluates
participation in productive, social and community activities
through self-report [23]. Scores range from O to 1; higher
scores indicate participation in more important activities
[24]. CPI was selected as the primary outcome because
using comprehensive measures of participation (e.g. CPI)
is essential to understand the scope of participation restric-
tions experienced by people with cancer [2]. Additionally,
as part of the team’s formative work, 40 cancer survivors
with brain, breast, colorectal, and lung cancer were inter-
viewed about their preferences for participation measures.
These participants identified the CPI as the measure that
would do the best job of capturing their daily life partici-
pation experiences. The CPI has been validated in a large
sample of individuals with a variety of disabling conditions
[23, 24] but has not been used within oncology. Following
the CPI, patients completed a checklist reporting how can-
cer impacted their participation in daily life. For additional
measurement properties see Online Resource 1.

The patient-reported outcome measurement information
system [25] (PROMIS) is a measure of physical, mental, and
social health validated with individuals recently diagnosed
with cancer [26, 27]. Participants completed the PROMIS-43
profile (evaluates physical function, anxiety, depression,
fatigue, sleep disturbance, ability to participate in social
roles and activities, and pain interference and intensity) and
supplemental items from the satisfaction with participation
in social roles and discretionary social activities, instru-
mental support, and social isolation item banks. PROMIS
T-scores have a mean of 50 and a standard deviation of 10;
scores within five points of the mean are considered mild
impairments and within 10 points are considered moderate
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Table 1 Baseline characteristics of participants

Total
(n=123)

Brain
n=19)

Breast
(n=36)

Colorectal
(n=36)

Lung
(n=32)

Mean, SD (range)
Age
Charlson comorbidity index score
n (%)
Gender
Female
Male
Race
Asian
Black
White
Hispanic/Latinx
Highest level of education
Less than high school graduate
High school graduate or GED
Associate degree
Some college
College graduate
Master’s degree
Cancer stage
0
1
11
I+
v
Cancer grade+*
1
11
I
v
Cumulative treatment
Surgery
Chemotherapy/Targeted therapy

Mean (SD) # days exposed to chemo-
therapy

Radiation

Mean (SD) total radiation dose (cGy)
Gamma knife

Hormone therapy

Mean # days exposed to hormone
therapy

Immunotherapy

Employment status*
Full-time
Part-time
Unemployed
Medical leave
Disability
Retired

59.0, 12.7 (21-82)
3.5,2.1 (2-10)

78 (63)
45 (37)

2(2)
15 (12)
106 (86)
1(1)

43)
22 (18)
6 (5)
29 (24)
41 (33)
21(17)

79 (64)
84 (69)*
120 (53)

69 (57)*
4225 (1526)
43)

20 (16)

6 (5)

36 (29)
6 (5)

12 (10)
13 (10)
11 (10)
42 (34)

52.4,14.9 (21-70)
2.1,0.46 (2-4)

9 (47)
10 (53)

0
15
18 (95)
0

0

2 (10.5)
2(10.5)
2(10.5)
9 (47.4)
4 (21.1)

N/A

0

2(11)
3(17)
13 (72)

19 (100)
14 (74)*
112 (59)

16 (85)*
5603 (633)
0

0

N/A

2 (10)

2 (10)
6 (32)
3(16)
6 (32)

59.3, 12.5 (39-77)
2.3, 0.86 (2-6)

36 (100)
0

1(3)
8(22)
27 (75)
0

0
4(11)
13)
11 (30)
10 (28)
10 (28)

318
20 (55)
11 (31)
2(6)

0

Not extracted

35097
14 (39)
108 (60)

22 (61)
4038 (1198)
0

20 (56)

111 (range: 35-169)

13)

12 (33)
4(11)
2(5.5)
0

1(3)
15 (42)

57.5,13.0 (27-81)
4.1,2.4 (2-10)

17 (47)
19 (53)

1(3)
3(8)
32(89)
0

1(3)
8(22)
2(6)

6 (16)
14 (39)
5(14)

0

13)
5(14)
19 (53)
11 (30)

15 (42)
31 (86)
126 (49)

15 (42)
2806 (828)
0

0

N/A

11 31)
1(3)
7(19)
6(17)
2(5)

9 (25)

64.4,9.0 (45-82)
51,22 (2-8)

16 (50)
16 (50)

0 (0)
3(9)
29 (91)
13)

3(10)
8 (25)
13)
10 31)
8 (25)
2(6)

0

4(12.5)
4(12.5)
10 31)
14 (44)

10 (31)
25 (78)
122 (51)

16 (50)
4500 (1789)
4(13)

0

N/A

5(16)

11 (34)
1(3)
1(3)
1(3)
5(16)
12 (38)
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Table 1 (continued)

Total Brain Breast Colorectal Lung
(n=123) (n=19) (n=36) (n=36) (n=32)
Other 3(2) 0 2(5.5) 0 1(3)
Change in employment status since cancer diagnosis™
Yes (typically decreased work) 41 (33.3) 10 (24) 6 (15) 14 (34) 11 (27)
No 41(33.3) 3() 16 (39) 13 (32) 9(22)
Retired before diagnosis 41 (33.3) 6 (15) 14 (34) 9(22) 12 (29)
Financial toxicity™
(Has your physical condition or medical treatment caused you financial difficulties?)
Not at all 54 (44) 7 (37) 23 (64) 13 (36) 11 (34)
A little bit 47 (38) 8(42) 9 (25) 14 (39) 16 (50)
Quite a bit 15 (12) 2 (10.5) 3(8) 5(14) 5(16)
Very much 7 (6) 2 (10.5) 13) 4(11) 0
Mode of survey completion
Online 93 (76) 17 (90) 32(89) 26 (72) 18 (56)
Paper forms 18 (14) 2 (10) 1(3) 5(14) 10 (31)
Online or paper forms at cancer center 10 (8) 0 2(5) 5(14) 3(10)
Read to participant 2(12) 0 1(3) 0 1(3)

+Tumor grade extracted only for brain tumor group

*Tumor stage, chemotherapy, and radiation data unknown for one participant in the brain tumor group due to transfer of care to outside hospital

not linked to the cancer center’s electronic medical record

*Time-varying variables; data from last completed survey reported

impairments [28]. Participation domains are detailed in this
report; other PROMIS domains were tested as covariates in
longitudinal analyses. CPI and PROMIS items were com-
pleted at all time points. Participants were provided with
up to three reminders when they did not return follow-up
surveys.

The total assessment battery was expected to take approx-
imately 30 min to complete. Participants self-reported demo-
graphics, change in employment status since diagnosis/last
survey, financial toxicity (single item from EORTC quality
of life questionnaire-C30 [29]), use of mobility support, and
comorbidities, measured by the Charlson comorbidity index
(CCI) [30]. CCTI score was dichotomized in the analysis to
scores >?2 and <2 to compare individuals with additional
comorbidities beyond their cancer diagnosis to those with-
out. Referrals to rehabilitation or mental health services
since diagnosis were reported by the participant and cross-
checked in the medical record during extraction of treatment
and disease history.

CovID-19

For the 20 areas of participation on the CPI, follow-up ques-
tions were added to further elucidate the impact of cancer
versus COVID-19 on participation. Participants used a slid-
ing bar (electronic version) or placed an “x” on a line to rate
how much (1) cancer and the side effects of treatment and
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(2) COVID-19 have impacted how often they do each activ-
ity. The sliding scale ranged from O (doing much less) to 100
(doing much more); 50 indicated no change. To summarize
these data, mean impact ratings were calculated. Of note,
this was the area where the most missing data existed. Fur-
thermore, some participants shared with the research team
that they did not understand why/did not want to rate the
impact of COVID-19 because COVID-19 had not impacted
their life. Following the CPI, participants were asked: “Do
you believe COVID-19 has had an additional impact on your
daily life participation beyond the impact of cancer?” with
response options of yes, no, and unsure.

Statistical Analysis

Baseline characteristics between disease groups and individ-
uals who were lost to follow-up versus those who were not
were compared using independent sample t-tests, one-way
ANOVA, or chi-square tests, as appropriate. To compare
means between the disease groups at each time point, one-
way ANOVA was performed.

Linear mixed-effect regression model with random
intercept was used to assess change in mean participation
between the disease groups over time using SAS PROC
MIXED. Separate models were created for the primary and
secondary outcomes. Continuous variables were grand mean
centered. An initial model including time, group, and their
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interaction was used to examine changes over time between
groups. For multivariable models, potential effect modifiers
(age, diagnosis group by age interaction) and confounding
variables (comorbidities) were entered into the model one at
a time. A variable was considered an effect modifier when
p <0.05 and a confounder when beta estimates changed by
more than 10% with the addition of the variable.

To identify risk factors for participation restrictions over
time, linear mixed-effect longitudinal modeling was used.
Univariate analyses were first run where models were con-
structed as a function of time since baseline, group, time
by group interaction, and each predictor. When univariate
analyses were significant (p <0.05), exploratory variables
were entered into the longitudinal model one at a time using
backward selection to identify the most parsimonious model.
Clinically important predictors were included in the multi-
level longitudinal model regardless of significance (Online
Resource 2). Missing data were minimal and were left as
missing because multilevel models are robust to missing
data. Additional information on sample size calculation is
in Online Resource 3.

PRO findings were used to identify participants who may
benefit from rehabilitation. When PROMIS physical func-
tion, participation, or mental health domains were more than
one standard deviation from the mean, referrals were sug-
gested to the patient and their medical team for physical
therapy (PT), occupational therapy (OT), and mental health
support, respectively. OT was also suggested when the CPI
score was below an identified cut point of 0.60 based on data
from previous research [24, 31] and our preliminary data
from survivors. See Online Resource 4 for an overview of
the study processes.

Results

We recruited 123 participants with the newly diagnosed
brain (n=19), breast (n=36), colorectal (n=36), and lung
(32) cancer. Ninety-nine (80%) completed measures for all
three-time points (Fig. 1). The attrition rate was 20%; 58%
lost to follow-up and 42% died or transitioned to hospice.
The participant’s mean age was 59 years. Half had a college
education or higher, 63% were female, and 86% reported
White race (Table 1). There were no notable differences
between group participant characteristics except for higher
age in the lung cancer (mean: 64.4, SD: 9.0) compared to the
brain cancer group (mean: 52.4, SD: 14.9). Financial toxicity
was significantly higher (Cramer’s V=0.28, p=0.019) for
participants under 65 years old (63% with strain) compared
to those over 65 (34% with strain) at their last completed
survey (5-month follow-up or ceased study participation).

The difference in participation by cancer type
at each time point

Baseline participation scores for the total sample were 0.56
for CPI and 46.19 for PROMIS ability to participate (Fig. 2a,
b). There were no statistically significant differences in
average participation based on cancer type at baseline or
follow-up. However, patients with breast and colorectal
cancer demonstrated median participation scores within the
mildly impaired range at all time points, including base-
line (Fig. 2b). The lung cancer group demonstrated mildly
impaired participation at two and five-month follow-up.
Average participation by diagnosis group across time for
all participation domains is available in Online Resource 5.

Change in participation over time

The initial models, including the outcome (CPI or PROMIS)
as a function of time, group, and group-by-time interaction,
were not significant, indicating there were no differences
in participation over time between individuals of different
cancer types. Adjusted analyses did not identify age or age
by diagnosis group interaction as effect modifiers (p > 0.05)
or comorbidity as a confounding variable (Table 2). Initial
model intraclass correlation coefficients (ICCs) were 0.44
(CPI) and 0.57 (PROMIS), indicating that patients demon-
strated considerable heterogeneity in participation scores.

Risk factors for participation restrictions

Following univariate analyses (Online Resource 6), higher
fatigue and change in employment since cancer diagno-
sis were identified as risk factors for lower participation
over time as measured by CPI (Table 3; ICC=0.46). For
PROMIS, a diagnosis of lung or brain cancer and higher
physical function was associated with higher participation.
Receiving chemotherapy/targeted therapy, higher anxiety or
fatigue, and being referred to rehabilitation services by the
medical team were significant predictors of lower participa-
tion (Table 3; ICC=0.47).

Consistent with longitudinal model findings that fatigue
is a risk factor for participation restrictions, when partici-
pants reported factors that made it challenging to participate
in daily life, fatigue was most frequently endorsed (Base-
line: 61%, 2-month follow-up: 77%, 5 months: 78%). While
patients endorsed numerous factors that negatively impacted
their daily life participation (e.g., pain, psychosocial chal-
lenges, bathroom urgency), more than half also endorsed that
cancer changed their outlook on life and resulted in a greater
appreciation for the activities they do (Online Resource 7).
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Fig. 1 Study CONSORT
diagram outlining participant

enrollment and retention

Enrollment
(Within 30 days of diagnosis
or treatment initiation)

Assessed for eligibility (n= 465)

Brain (n=101)
Breast (n=113)
Colorectal (n= 144)
Lung (n=107)

Excluded (n= 324)

-Brain (n=52)
-Breast (n= 26)

-Brain (n= 10)
-Breast (n= 16)

-Brain (n=2)
-Breast (n=7)

+ Did not meet inclusion criteria (n= 194)

+ Declined to participate (n= 42)

+ Did not complete econsent (n= 12)

+ Other reasons (e.g. unable to contact;
deceased; determined not to be a
good candidate) (n= 76)

-Colorectal (n= 75)
-Lung (n=41)

-Colorectal (n=5)
-Lung (n= 11)

-Colorectal (n= 3)
-Lung (n=0)

3 months post -Hospice: n=1

-Brain (n=12) -Colorectal (n=22)
-Breast (n=26) -Lung (n= 16)
A 4
Enrolled Participants (n=141)
Brain (n= 25); Breast (n= 38); Colorectal (n= 39); Lung (n= 39)
Brain Breast Colorectal Lung
p
Completed T1 || n=19 n=36 n=36 n=32
Baseline- 30 d Lost to follow-up: Lost to follow-up: Lost to follow-up: Lost to follow-up:
aseline-=30days || _pid not respond n=5 -Did not respond: n= 2 -Did not respond: n=3 || -Did not respond: n= 6
L post dx/tx start -Overwhelmed: n= 1 -Deceased: n=1
)
n=16 n=34 n=33 n=28
Completed T2 Lost to follow-up: Lost to follow-up: Lost to follow-up:

Lost to follow-up:

-Did not respond: n=3
-Deceased: n=1

-Did not respond: n= 2 -Did not respond: n= 2

-Deceased: n=1

6 months post
dx/tx start

dx/tx start -Deceased: n= 2
( \| n=15
Completed T3 || Lost to follow-up:

-Did not respond: n= 1

n=33
Lost to follow-up:
-Did not respond: n= 1

n=28

Lost to follow-up:

-Did not respond: n= 4
-Hospice: n=1

n=21

Lost to follow-up:

-Did not respond: n= 3
-Hospice: n=1
-Deceased: n=3

Rehabilitation referrals

Most participants were not referred to rehabilitation services
(Fig. 3a). Speech-language pathology received the lowest
number of referrals (9%), followed by mental health (18%).
One-third of those referred to PT (41% of the total sample
referred) and half referred to OT (33% of the total sample
referred) were referred for a one-time postoperative inpatient
evaluation but no ongoing services. PROs identified 53% of
the sample may benefit from OT or PT and 45% from mental
health support (Fig. 3b, green and gray bars). However, only
20% of individuals with PRO scores indicating a potential
need for OT were referred (Fig. 3b, gray portion of the bar).
Similarly, 31% of those who may benefit from PT and 36%
of those who may benefit from mental health support had
been previously referred by their medical team. Based on
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Analyzed

+ Time 1: n=123
+ Time 2: n=111
+ Time 3: n=97

PROs, 133 new referrals were suggested for supportive ser-
vices: 45 PT, 52 OT, and 36 mental health. Individuals with
brain tumors were significantly more likely to be referred to
and/or utilize PT and OT by their medical team compared
to all other disease groups (79% and 74% referred, respec-
tively, p <0.01), and males were more likely to be referred to
and/or utilize OT than females (47% versus 26%, p <0.05).
Based on PROs, males (36% versus 53% of females referred,
p=0.05) and those reporting Black race (20% versus 51%
reporting White race referred, p =0.03) were significantly
less likely to be referred to mental health support. Retirees
were less likely to have PRO scores indicating a referral to
PT or OT than unemployed individuals (PT: 49% retired
versus 70% unemployed; OT: 47% retired versus 76% unem-
ployed, p <0.05). There were no differences in referrals from
the medical team or based on PRO scores by disease stage.
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Fig.2 a Change in community a
participation indicator score
over time by the diagnosis
group. b Change in PROMIS
ability to participate score over
time by the diagnosis group

Community Participation Indicators Score

1.0000
.8000
6000
.4000
.2000

GROUP

M brain
W breast
M colorectal

Hiung

I

0000 -
Baseline

70.00

60.00

50.00

40.00

PROMIS Ability to Participate Score

30.00

2-month follow-up 5-month follow-up

Time

GROUP
M brain
W breast

M colorectal
Elung

20.00 N
Baseline

COVID-19 impact

The total sample average baseline cancer impact rating was
39.07, and COVID-19 impact rating was 39.41, indicat-
ing that those who responded experienced similar levels of
impact on their participation from cancer and COVID-19
(Online Resource 8). At baseline, 71 participants (58%)
reported that COVID-19 had an additional impact on their
participation beyond the impact of cancer alone. Forty (33%)
reported no impact of COVID-19 on their participation, and
10 (8%) were unsure (Online Resource 8).

2-month follow-up 5-month follow-up

Time

Discussion

This is the first study, to our knowledge, to prospectively
evaluate participation in a cohort of adults with various
solid tumors. In the first six months after a new cancer
diagnosis, patients reported mildly impaired ability to par-
ticipate in social roles and activities. Mild impairments
were reported within one month of diagnosis among
individuals with colorectal and breast cancer. The aver-
age baseline CPI score for the total sample was 0.56, rep-
resenting a low level of participation and is similar to a
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Table 3 Risk factors for participation restrictions over time

Community participation indicators

PROMIS ability to participate in social roles

(CPI) and activities
Factors Estimate Standard error )4 Estimate Standard error P
Intercept 0.548 0.049 <.001 45.495 1.491 <.001
Time 0.030 0.022 0.175 —0.403 0.669 0.548
Brain 0.109 0.064 0.093 3.929 1.945 0.045
Colorectal 0.082 0.055 0.134 1.390 1.635 0.396
Lung 0.126 0.057 0.029 5.778 1.721 <.001
Brain*time —0.003 0.036 0.923 1.274 1.116 0.255
Colorectal*time -0.010 0.030 0.744 0.193 0.890 0.828
Lung*time -0.019 0.031 0.541 -0.975 0.939 0.301
Surgery —0.006 0.038 0.883 —-0.451 1.149 0.695
Chemotherapy/targeted therapy —-0.011 0.031 0.729 —3.291 0.910 <.001
Radiation —-0.032 0.030 0.294 0.868 0.894 0.333
Physical function N/A 0.263 0.050 <.001
Anxiety N/A -0.128 0.045 0.005
Fatigue —0.006 0.001 <.001 —-0.156 0.045 <.001
Employment change (yes vs no) —-0.157 0.035 <.001 N/A
Medical team referred to rehabilitation N/A —-1.951 0.816 0.018

Reference group =breast cancer
Statistical significance defined as p <0.05

sample of individuals with mild to moderate stroke (mean
CPI: 0.53) [31].

Differences in participation based on cancer type were
not identified at individual time points or over time. The lack
of change may be partly attributed to nearly all participants
having initiated treatment before the baseline survey. Low
baseline scores and lack of change over time may indicate
that patients experience participation restrictions even before
diagnosis. Participation restrictions preceding diagnosis par-
allel how changes in function are often early signs/symptoms
of cancer [32, 33]. Alternatively, low baseline participation
may reflect the impact of other pre-cancer person charac-
teristics such as mental health and socioeconomic status.
Although specific time points or disease groups to prioritize
for intervention were not identified, findings suggest there
is a need to evaluate participation in the early phases after
diagnosis to proactively prevent and address cancer-related
disability.

Despite more than half the sample having PRO findings
indicating they may benefit from PT and OT, only 20%
(OT) to 31% (PT) of this set of patients had been previ-
ously referred. When patients were referred to PT or OT by
their medical team, they were often referred for a one time
inpatient evaluation only. Continued therapy services and
outpatient referrals were rare. If patients are more likely to
receive rehabilitation services while inpatient, the inpatient
environment may offer a critical opportunity to provide more
comprehensive assessment, education, and planning related

to an individual’s rehabilitation needs throughout the cancer
continuum. Even if an individual is safe to discharge home
and does not require acute rehabilitation services, inpatient
therapists can facilitate referrals to comprehensive outpatient
cancer care. Although not commonly studied, low referral
rates to rehabilitation are a pattern within oncology [6, 34,
35]. Mental health services followed similar trends. Eight-
een percent of participants were referred for mental health
support, which was more than double the 7.2% of cancer
survivors using services in a 2002 study [36]. However, in
our study, PROs indicated that 45% of participants may ben-
efit from mental health support; most had not been referred
(Fig. 3b). Our findings demonstrate that low referral rates
are common for PT, OT, and mental health for individuals
with brain, breast, colorectal, and lung cancer.

PRO findings can be used as a method to identify areas
where an individual may benefit from additional support-
ive care. As with oncology symptom management systems
[22], when PROs indicate an area of concern, the discussion
between the patient and provider should occur. Patients with
cancer may not advocate for their supportive care needs [37];
consequently, the patient and provider should collaborate to
develop an appropriate plan to meet each individual’s sup-
portive care needs, which may include referrals to rehabilita-
tion services.

One solution to address low rehabilitation referral rates
is implementing a prospective surveillance model (PSM) of
care. The PSM includes evaluation from an interdisciplinary
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Fig. 3 a Participants referred to a
rehabilitation by medical team. 120
b Rehabilitation referrals identi- oin
fied from study patient-reported 5%
outcomes 100
67%
8
u 59%
i » Self-reported, use unknown
'g' » Inpatient and outpatient
5 © Outpatient
_ZE; 41% " Inpatient, ongoing
2 = Inpatient, 1-2x postoperatively
33% = Notreferred
i O
18%
)
9%
0 (S
Yes No Yes No Yes No Yes No
Physical Therapy Occupational Therapy Speech Language Psychology or Other
Pathology Mental Health

Number of Participants

Physical Therapy

rehabilitation team at the point of diagnosis and ongoing sur-
veillance of needs during and beyond cancer treatment [38].
PSM care is the recommended standard for cancer rehabili-
tation [20] and supports early identification and treatment
of cancer-related functional impairments and participation
restrictions, which can contribute to disability [38]. How-
ever, the PSM has been tested primarily among individuals
with breast cancer and is an underrecognized and underu-
tilized model of care among other cancer populations [39].

Patterns of participation restrictions differed based on
the outcome measure. Differences in outcomes may be due
to how participation is conceptualized in these measures.
PROMIS focuses on the ability to participate while CPI
examines the desire for increased participation in valued
activities [24]. Despite experiencing a decrease in abil-
ity, some patients may not have the desire to change their

@ Springer
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participation. Others may be too overwhelmed by their
cancer experience to think about or know how to take
action to make a change, which highlights the importance
of referring to supportive care services. CPI ratings may
be more influenced by what people think is reasonable for
them to accomplish given their cancer diagnosis [40], while
PROMIIS takes a more objective approach to measurement.
Discordance between PROMIS and comprehensive partici-
pation measures was previously reported, and the need to
use comprehensive measures was suggested [41]. Findings
from the current study cannot recommend one measurement
for identifying patients in need of rehabilitation services
due to the heterogeneity of means across time points and
disease groups. There remains an ongoing need to iden-
tify optimal measures to screen individuals living with and
beyond cancer for rehabilitation needs [42], which can be
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used to facilitate conversations between patients and pro-
viders. When identifying screening measures, it is critically
important to use measures that are sensitive enough to detect
impairments and changes among individuals of all racial and
gender identities to support equitable access to supportive
care.

Identification of risk factors for participation restrictions
generated hypotheses about (1) factors to investigate in tar-
geted studies about participation and (2) groups of patients
to prioritize for assessment and intervention. Individuals
who received chemotherapy/targeted therapy and had an
employment change or higher anxiety or fatigue were at
higher risk for participation restrictions. Higher physical
function was associated with higher participation. These
factors may signify groups of individuals to target for reha-
bilitation services. To build towards a PSM of care where
all individuals diagnosed with cancer have access to reha-
bilitation and other supportive care services throughout the
care continuum, cancer centers could consider first enhanc-
ing access among individuals who receive chemotherapy
given their higher risk for participation restrictions. To
comprehensively address participation, a multidimensional
and multidisciplinary approach to treatment is needed to
address factors such as anxiety, fatigue, and physical func-
tion. Rehabilitation interventions effectively address fatigue
and physical function amongst individuals living with and
beyond cancer, but limited data exists on methods to improve
participation [43, 44].

Surprisingly, lung and brain cancer was associated with
higher participation over time. Smaller sample sizes in these
groups may have contributed to these findings. The lung can-
cer group had high attrition; half of those lost to follow-up
had stage four disease, so information about how participa-
tion may have changed in this group is missing. The poor
prognosis of many in the lung and brain cancer groups may
have influenced survey responses. Limited life expectancy
may result in altered priorities [12] and influence participa-
tion scores. Future mixed methods studies should investigate
participation and patient priorities about what matters most
to them while living with advanced disease.

Future investigations should evaluate participation pre-
treatment, when possible, to support comparisons over time.
Monitoring participation over multiple years can identify
populations of individuals with whom and when rehabilita-
tion should intervene [20]. Preliminary findings on risk fac-
tors should be used to inform more targeted investigations
to develop risk-based rehabilitation triage protocols [4, 20].
This work can also lead towards the development of a risk
prediction model to identify patients at high risk for impair-
ments amenable to rehabilitation, such as participation, and
provide personalized care. Determining the impact of cancer
on patients’ daily life participation will build towards inter-
ventions to enhance participation among people with cancer,

an emerging area of research [3]. With larger sample sizes,
future studies can investigate how participation and referrals
to supportive services vary based on prognosis and expected
length of survival. Last, we need to understand how a refer-
ral to rehabilitation translates to uptake. Patients are often
overwhelmed after diagnosis and unaware of the potential
benefits of rehabilitation which may further limit their inter-
est in these supportive services [45, 46].

Study limitations

This study is limited by the small sample size, hetero-
geneity of treatment approaches, inclusion of only self-
report measures, and lack of a normative comparison for
the primary outcome, CPI. While the use of CPI within
oncology is novel, the assessment is not validated with the
population, and there are limited comparison data. Find-
ings are also limited by the lack of a pre-cancer baseline
to evaluate change over time. We enrolled patients in early
phases after diagnosis, but most had initiated treatment
before the baseline measure. These results may over-rep-
resent the experiences of people who could participate
in life given our exclusion of individuals with aphasia
and cognitive impairments. Furthermore, people who are
highly motivated or healthier may have been more likely
to participate. Last, this study was conducted during the
COVID-19 pandemic, which may have further limited
life participation. While efforts were made to understand
the differential impact of COVID-19 on participation, the
complexity of responses, missing data, and evolving nature
of COVID-19 made it difficult to form conclusions about
how COVID-19 impacted participation versus how cancer
impacted participation.

Conclusions

There is a need to integrate the concept of participation
into cancer care to understand how patients’ daily lives are
impacted by cancer. Using PROs to evaluate participation
and other health domains is an effective method to identify
patients who may benefit from rehabilitation services. PROs
can facilitate conversations between patients and providers
about supportive care needs and relevant referrals.
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