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Purpose—Our purpose was to describe the prevalence and predictors of symptom and function 

clusters in a diverse cohort of colorectal cancer survivors.

Methods—We used data from a cohort of 909 adult colorectal cancer survivors. Participants were 

surveyed at a median of 9 months after diagnosis to ascertain the co-occurrence of eight distinct 

symptom and functional domains. We used factor analysis to identify co-occurring domains 

and latent profile analysis (LPA) to identify subgroups of survivors with different symptom and 

function clusters. Multinomial logistic regression models were used to identify risk/protective 

factors.

Results—Factor analysis demonstrated a single underlying factor structure that included all eight 

health domains with depression and anxiety highly correlated (r = 0.87). The LPA identified three 

symptom and function clusters, with 30% of survivors in the low health-related quality of life 

(HRQOL) profile having the highest symptom burden and lowest functioning. In multivariable 

models, survivors more likely to be in the low HRQOL profile included being non-White, female, 

those with a history of cardiac or mental health conditions, and chemotherapy recipients. Survivors 

less likely to be in the low HRQOL profile included those with older age, greater financial 

well-being, and more spirituality.

Conclusion—Nearly one-third of colorectal cancer survivors experienced a cluster of physical 

and psychosocial symptoms that co-occur with clinically relevant deficits in function.

Implications for Cancer Survivors—Improving the identification of risk factors for having 

the highest symptom and lowest function profile can inform the development of clinical 

interventions to mitigate their adverse impact on cancer survivors’ HRQOL.

Keywords

Colorectal neoplasms; Quality of life; Cancer survivors; Symptom assessment; Population health

Introduction

Patient-reported outcomes (PROs) are widely accepted by the healthcare practice, research, 

and policy communities as valid descriptions of an individual’s symptoms and functional 

status that determine their health-related quality of life (HRQOL). Multiple co-occurring 

symptoms (or “symptom clusters”) are highly prevalent in persons with chronic diseases 

and, specifically, in persons with cancer [1]. Symptom clusters involve 2 or more concurrent 

symptoms that are distinct from other symptom clusters; they may share underlying causal 

mechanisms and outcomes and usually have a temporal dimension [2]. Symptom clusters 

are particularly relevant to oncology care providers, who often report patients experiencing 

multiple symptoms that are often associated with deficits in function [3]. For example, the 

cluster of pain, fatigue, and sleep disturbance negatively affects patients’ functional status 

and HRQOL [4]. Treatment for one symptom is often associated with reductions in severity 

of other symptoms in the cluster and improvements in functional status [5].

Strong evidence indicates cancer and its treatment can result in long-term or late-occurring 

symptoms and functional deficits [6–10]. Cancer survivors often have multiple comorbid 

conditions that are associated with chronic symptoms and functional impairments [11]. 
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Most prior symptom cluster research with cancer survivors has assessed only symptoms 

such as pain, fatigue, depression, and sleep disturbance that are common in oncology, but 

not co-occurring deficits in physical, cognitive, and social function. Therefore, we focus 

on investigating the phenomenon of symptom and function clusters (hereafter, “clusters”). 

This approach accounts for the impact of cancer on the HRQOL of survivors that is 

more comprehensively measured by the concurrent evaluation of co-occurring symptoms 

and deficits in functioning that is a priority for the FDA [12]. We also used state-of-

the-art psychometrically validated continuous scales from the Patient-Reported Outcomes 

Measurement Information System® (PROMIS®) to more accurately assess the severity of 

each symptom and functional domain than by using simple binary indicators of the presence 

of symptoms.

We analyzed a previously surveyed cohort of 909 adult colorectal cancer (CRC) survivors 

using various psychometric and statistical methods to identify subgroups with differing 

symptom and functional status profiles indicative of low, moderate, and high HRQOL. We 

next identified survivors’ demographic and clinical characteristics associated with HRQOL 

profile membership and predicted which survivors were likely to be in the low HRQOL 

profile. The identification of risk factors for being in the low HRQOL profile is an important 

first step in the development of assessment tools to more accurately identify at-risk cancer 

survivors and in the design of interventions to provide evidence-based supportive care for 

cancer survivors to mitigate the impact of clusters and associated impairments in HRQOL.

Methods

Participants and data collection procedures

We recruited patients with cancer as part of the Measuring Your Health (MY-Health) 

study [13]. Four population-based cancer registries, which are part of the National Cancer 

Institute’s Surveillance, Epidemiology, and End Results (SEER) Program in 3 states 

(California, Louisiana, and New Jersey), enrolled 5506 participants within 6 to 13 months 

(median 9 months) after they were diagnosed with one of seven different cancer types, 

including 909 participants with primary invasive CRC. We oversampled younger age groups 

and racial-ethnic minority groups to ensure a heterogeneous sample, addressing limitations 

of prior research with predominately non-Hispanic White samples. Enrolled participants 

completed a self-administered mailed baseline survey. The study was approved by all 

participating sites’ IRBs.

Patient characteristics

We obtained clinical data on the date of cancer diagnosis, cancer type, cancer stage, and 

initial surgery and radiation therapy from the cancer registry databases. The participant 

baseline survey included items on sociodemographics, financial variables (e.g., healthcare 

coverage, financial well-being) [14], health behaviors (e.g., smoking status, physical activity, 

BMI), social support (marital status, ability to find companionship when needed), spirituality 

[15], history of selected comorbid conditions, and receipt of ambulatory systemic cancer 

therapy as this data is incomplete in most cancer registries.
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Outcomes: symptoms and functioning

The PROMIS® domains used in the MY-Health study included short form measures of five 

symptoms (fatigue, pain interference, anxiety, depression, and sleep disturbance) and three 

functional domains (physical function, ability to participate in social roles (social function), 

and cognitive function) [13]. These domains were selected because of their prevalence 

and impact in cancer survivors and their relevance for most other chronic conditions that 

frequently co-occur in cancer survivors. All PROMIS® scores are reported as T-scores and 

calibrated based on a US sample with a mean of 50 and a standard deviation (SD) of 

10 points. Higher PROMIS® scores for symptoms reflect worse symptom burden and for 

functioning reflect better functioning.

Analysis

We first used Pearson correlations to evaluate the relationships among the eight PROMIS® 

HRQOL domain indicators. Factor analysis was then used to determine the lower 

dimensional factor structure that guided us to reduce the number of indicators if needed.

Following the identification of clusters, we used latent profile analysis (LPA) to identify 

distinct groups of CRC patients with different levels of symptoms or functional deficits 

simultaneously across the eight PROMIS® indicators and then groups cancer survivors 

based on their similarity of symptom/function scores to identify HRQOL profiles. We 

generated a series of hierarchically nested profiles that varied in the number of survivor 

subgroup profiles (starting with two profiles). To determine a final LPA model, we used 

multiple goodness-of-fit statistics and clinical interpretability. We used a multinomial 

logistic regression model to determine the demographic and clinical factors associated with 

HRQOL profile membership determined by the final LPA model and reported adjusted odds 

ratios (ORs) and their 95% Wald confidence intervals. To evaluate the overall classification 

accuracy of the regression model, we provided hit rate and hit rate by chance, which is the 

recommended effect size for determining whether the classification model performs better 

than chance [16]. We also estimated Huberty’s I index; a value above 0.35 supports “good” 

prediction of the model [17]. We used M-Plus (V 8) to implement the factor analyses and the 

LPA, and SAS (V 9.4) for the data summary and regression analysis.

Results

Table 1 provides the demographic and clinical characteristics of the 909 CRC patients 

included in the study. The sample was diverse with respect to race/ethnicity (40% non-

Hispanic White, 23% Black, 18% Asian, and 19% Hispanic), age, gender, education, and 

smoking status.

Association among symptom and function domains

A majority of the correlations among the eight PROMIS® symptom and function domains 

ranged in absolute value between 0.42 and 0.69, thus supporting the grouping of symptom 

and function domains in clusters. The strongest correlation (r = 0.87) was between 

depression and anxiety. Given our objective of conducting the most parsimonious analysis 

possible, we opted to exclude depression in subsequent analyses because anxiety is more 
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frequent, related to HRQOL, and associated with fear of recurrence later in the cancer 

trajectory [18–21].

Identifying colorectal cancer survivor subgroup profiles

Table 2 provides fit statistics for 2-, 3-, 4-, and 5-profile solutions of the LPA model. 

Although the 4-profile model was empirically the best statistical fit, the 3-profile solution 

was the more clinically interpretable solution with sufficient sample size in each profile. The 

3-profiles consisted of low, moderate, and high HRQOL groups. As shown in Fig. 1, the 

low HRQOL profile, representing approximately 30% of the CRC patient sample, reported 

impaired functional status with mean PROMIS® scores ranging between 35 and 41 and 

high symptom burden scores ranging from 59 to 65. The high HRQOL profile, representing 

approximately 26% of the sample, reported high functioning with PROMIS scores ranging 

from 54 to 62 and low symptom burden ranging from 40 to 43, nearly an entire standard 

deviation below the US norms for the PROMIS® measures (e.g., better functioning and 

fewer symptoms). The moderate HRQOL profile subgroup fell between the low and high 

HRQOL profiles and represented 44% of the sample, with mean PROMIS functioning 

scores ranging from 44 to 52 and symptom burden ranging from 48 to 53.

Patient characteristics associated with profile membership

Table 3 shows the frequency distributions (unadjusted) of CRC survivors with membership 

in each of the three HRQOL profiles (low, moderate, high). Table 4 presents the adjusted 

ORs and 95% CIs from the multinomial logistic regression model for each characteristic 

having a statistically significant association with profile membership in the model. After 

adjusting for all other variables, characteristics of survivors more likely to be in the low 

HRQOL profile than in the high HRQOL profile included being female (OR = 2.30, 95% 

CI 1.29–4.10) compared to male; Asian (OR = 2.81, 1.11–7.09) or Black (OR = 3.41, 

1.54–7.56) compared to non-Hispanic White; not working (OR = 4.04, 2.07–7.89) compared 

to working status; having a cardiac-related condition (OR = 4.17, 1.90–9.13), mental health–

related condition (OR = 8.24, 3.38–20.13), or sleep disturbance (OR = 9.88, 3.50–27.92) 

compared with not having the condition; and reporting the receipt of chemotherapy (OR = 

8.12, 3.47–18.98) compared with reporting no chemotherapy. Factors less likely to be in the 

low HRQOL vs high HRQOL profile group included older age at diagnosis (OR = 0.83, 

0.72–0.95, for 5-year increase in age), greater financial well-being (OR = 0.83, 0.71–0.96 

for a half SD [13.3] increase in financial well-being score), and more spirituality (OR = 

0.51, 0.43–0.61 for a half SD [4.8] increase in spirituality score).

Among CRC patients, the regression model accurately predicted 55% were in the high 

HRQOL group, 68% in the moderate HRQOL profile, and 60% in the low HRQOL profile 

(Fig. 2). The classification hit rate was 64.44%, the hit rate by chance was 35.31%, and 

Huberty’s I index was 0.45. As a sensitivity analysis, we excluded all non-significant factors 

from the multinomial model and found similar classification performance (e.g., Huberty’s I 
index = 0.40), suggesting an improvement-over-chance classification [17].
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Discussion

Examining symptom and function clusters in adult cancer survivors is important because in 

oncology clinical practice, most survivors present with more than one symptom or functional 

deficit, and these deficits are likely associated with each other [3]. We initiated this work 

using CRC survivors’ data because it is one of the most prevalent cancers, affects both 

sexes, and is associated with numerous persistent and late-occurring adverse effects of 

local and systemic therapies. We identified three profile groups among adult CRC survivors 

with respect to these clusters, with 30% in the low HRQOL profile. We found several 

risk factors for being in the low HRQOL profile, including younger age, belonging to a 

racial-ethnic minority group, being female, a history of cardiac or mental health conditions, 

lower financial well-being, and less spirituality.

A recent NIH panel of experts on symptom science noted that “research on symptom 

clusters is extremely limited” [1]. Although most of the research on symptom clusters has 

been conducted in oncology vs other chronic diseases and conditions, the majority of prior 

cancer-related research has been done in patients with advanced cancer or was focused 

on acute, transient symptoms during active cancer treatment [23–28]. Our focus on cancer 

survivors is somewhat different but extends recent work in this population [29–31]. Our 

use of LPA detected a 4-group profile, consistent with a prior investigation of breast cancer 

symptom clusters using the MY-Health cohort [30]. Despite these differences, our findings 

for adult CRC survivors are consistent with prior studies of patients in different phases of 

their cancer trajectory showing that symptoms are highly correlated with deficits in function 

that reflect poorer HRQOL [3, 24]. This finding supports a common clinical perception 

that symptoms are inter-related, often exacerbate each other, and co-occur with clinically 

meaningful declines in physical, cognitive, and social functioning.

We found that 30% of adult CRC survivors were in the low HRQOL profile group, with 

PROMIS domain scores at least 10 points below the general US population PROMIS norm 

values for most of the seven HRQOL domains within the group. Clinically meaningful 

differences on most PROMIS® domain scores for cancer patients are in the 3–6 point 

range [32];thus, the 10-point differences we observed for the low HRQOL group represent 

significant decrements in HRQOL in comparison to US norms and to the other profile 

groups in this study. The moderate HRQOL profile group, the largest at 44% of the cohort, 

was characterized by PROMIS® scores close to US norms of 50, except for physical 

function that had a mean of 44. The scores for the low HRQOL group reflect a moderate 

to severe level of symptoms and functional deficits relative to the other groups based on 

clinically meaningful thresholds established for cancer survivors for some domains [33]. 

Thus, this group will be the one likely to benefit from targeted interventions to enhance 

HRQOL.

We examined the sociodemographic and clinical variables that were most closely associated 

with being in this low HRQOL profile in the multinomial regression model. In the 

model, we observed that younger age was associated with belonging to the low HRQOL 

group compared to the high HRQOL group, consistent with prior studies of survivors of 

breast cancer [30, 34, 35]. This may be due in part to the multiple challenges faced by 
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younger survivors, including managing multiple responsibilities (e.g., child care and work), 

experiencing cancer at an unexpectedly early age, and greater negative effects of a diagnosis 

and treatment on psychological, sexual, and social functioning in this group compared 

to older survivors [36]. However, our findings diverge from other studies. One study of 

colorectal cancer survivors found that older age was associated with poorer overall HRQOL 

[37], while another study in the Netherlands found that an emotional and a pain symptom 

cluster were each independent of age [10].

Consistent with studies involving patients with mixed cancer types [6, 38, 39] and studies of 

colorectal cancer survivors [40, 41], we found that women were more likely to have worse 

symptom burden than men. Our work extends the literature because we are unaware of 

prior research of symptom and function clusters that report these findings in CRC survivors, 

as the majority of prior studies of symptom clusters in oncology have focused on breast 

cancer. The findings that Asians and non-Hispanic Blacks were at greater risk for low 

HRQOL compared to non-Hispanic Whites is a fairly novel finding, which may be due in 

part to inadequate access to high-quality oncology and overall supportive care for post-acute 

adverse effects and other systemic inequities distinct from measures we controlled for in our 

model (such as education, income, and financial well-being). These findings suggest that 

additional efforts to develop culturally sensitive tailored interventions, which both accurately 

identify cancer survivors at risk for impaired HRQOL and promote HRQOL in these groups 

of survivors, may be warranted.

We did find a significantly higher risk of being in the low HRQOL group among those 

with worse financial well-being adjusting for all other factors, which may be related to 

the financial hardship of cancer and/or fewer resources for accessing high-quality symptom-

related care, and with lower spirituality. The findings for financial well-being are consistent 

with several prior studies showing that higher symptom burden is associated with lower 

education level, lower income, and with unemployment among cancer survivors [30, 31, 34, 

41, 42]. Our findings for spirituality are novel and may be associated with the use of more 

effective coping mechanisms for dealing with symptoms, particularly mental health, having 

a greater sense of meaning and purpose, or being part of a faith community [43].

We also observed a strong association of comorbidities with being in the low HRQOL 

profile group, consistent with prior studies of colorectal cancer survivors [39, 41]. As 

expected, we observed an association of receipt of chemotherapy with the low HRQOL 

profile group, but found no association of late-stage diagnosis with poorer HRQOL, as 

previously reported [41].

We examined how well our multinomial regression model was able to identify the HRQOL 

profile subgroup to which each survivor belonged. Our ability to successfully identify 

60% of the participants into the low HRQOL profile group using multinomial regression 

models that included numerous sociodemographic, behavioral, and clinical characteristics, 

including stage and some treatment information, represents an advance in symptom cluster 

research; however, uncertainty remains whether this is sufficiently accurate to guide clinical 

decision-making. There is clearly a need to develop more comprehensive prediction models 

that include additional details to enable more precise identification of risk for, and more 
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effective management of, symptom clusters. Identifying individuals who may have higher 

rates of clinically significant, long-term side effects would help clinicians create more 

precise, patient-specific survivorship care plans and to promote using the most appropriate 

supportive care management strategies.

One of the key limitations of prior research is the poor understanding of how symptom and 

function clusters vary across different subgroups defined by race-ethnicity, socio-economic 

status, age, and sex. We assessed clusters in a uniquely large and diverse group of long-term 

CRC survivors treated in diverse community settings. Our cohort was comprised of 60% 

racial-ethnic minorities and 22% with less than a high school education. Our approach 

enhances the impact of our findings by also including the most vulnerable groups with 

major chronic diseases: older adults; persons with fewer economic resources; and those 

with multimorbidity. We used state-of-the-art PROMIS® measures that provide a continuous 

metric of symptom severity or functional limitation, which have an important advantage over 

many prior symptom cluster studies that used only a binary indicator of presence or absence 

of a symptom. The continuous PROMIS® score range provides a more precise estimate of 

the severity of symptoms and extent of impairment on functioning that each HRQOL profile 

is experiencing. PROMIS® measures have also been extensively cross-culturally validated, 

thus enhancing their applicability and validity across different populations [44–46]. Some 

studies on symptom clusters have treated cancer survivors as one homogeneous population 

using methods based on a common mean and standard deviation [27, 39]. This one group 

approach does not capture the heterogeneity of cancer survivors who experience persistent, 

co-occurring symptoms and related functional limitations. In contrast, our use of LPA 

of multiple symptom and function domains simultaneously, coupled with clinical insight, 

enabled us to identify and describe subgroups of CRC survivors who may be at higher risk 

and require earlier identification and management for optimal outcomes.

Despite these strengths, our study was limited to eight symptoms and function domains, 

although these domains are among the most common and impactful for most cancer 

survivors. For example, the inclusion of gastrointestinal symptoms for CRC survivors (e.g., 

nausea, diarrhea, cramping) would be important, but were not collected in MY-Health. In 

addition, we had limited treatment data and missing information on dose, type, and duration 

of therapy that can only be collected from medical records. Although we presented results 

for a single time point, we will conduct longitudinal analyses of symptom clusters and 

functional status to evaluate predictors of longitudinal transitions in these clusters. Finally, 

the MY-Health survey cohort did not include a pre-treatment assessment of HRQOL that 

would have allowed us to measure changes in symptoms and functional deficits related to 

the diagnosis and initial treatment of CRC.

In summary, we found that among adult survivors of CRC, there was a large group (30%) 

belonging to a low HRQOL profile defined as experiencing co-occurring functional deficits 

and significant symptom burden. We identified numerous fixed and mutable risk factors for 

being in this low HRQOL profile that may be useful in the development of interventions 

to mitigate their clinical impact. Our creation of a prediction model is an early first 

step towards developing more precise clinical tools to promote earlier identification and 
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management of CRC survivors at risk for clusters of symptoms and functional deficits that 

result in impaired HRQOL.
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Fig. 1. 
Latent profile analysis 3 profile subgroup result (N = 909 colorectal cancer survivors). 

X-axis: health-related quality of life (HRQOL) domains. Y-axis: average PROMIS T-score. 

PROMIS®, Patient-Reported Outcomes Measurement Information System. PROMIS® 

measures use a T-score metric in which 50 is the mean of a relevant reference population and 

10 is the standard deviation (SD) of that population
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Fig. 2. 
Prediction accuracy of profile membership by the multinomial logistic regression model. 

X-axis: health-related quality of life (HRQOL) profile. Y-axis: % predicted classification by 

model. Colored bars show the percent predicted by the multinomial model as being members 

in either the low (red), moderate (blue), or high (green) HRQOL profile groups. Shaded 

bars indicate the accuracy of the model’s prediction classification as either accurate (fully 

shaded), 1-category off (hatched fill), or 2-categories off (no fill)
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