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Abstract

:

Simple Summary


Patient-reported outcome (PRO) scores can help to reduce barriers between patient expectations and caregiver perspectives. The relationship between PRO scores and social determinants has not been studied widely. At a single large urban institution, all patients with a new cancer diagnosis who completed a survey over a two-year period were included. The PRO survey recorded perceived outcomes for depression, fatigue, pain interference and physical function. Over the two-year period, 1090 patients were included. Married patients had overall better PRO scores for each domain. Patients who had the ability to use the online portal also had overall better PRO scores. Male patients and minority patients had worse pain scores. PRO scores varied by cancer site and in association with specific social determinants. Future interventions can address patient support by utilizing these findings.




Abstract


Patient-reported outcome (PRO) scores have been utilized more frequently, but the relationship of PRO scores to determinants of health and social inequities has not been widely studied. Our goal was to determine the association of PRO scores with social determinants. All patients with a new cancer diagnosis who completed a PRO survey from 2020 to 2022 were included. The PRO survey recorded scores for depression, fatigue, pain interference and physical function. Higher depression, fatigue and pain scores indicated more distress. Higher physical condition scores indicated improved functionality. A total of 1090 patients were included. Married patients had significantly better individual PRO scores for each domain. Patients who were able to use the online portal to complete their survey also had better individual scores. Male patients and non-White patients had worse pain scores than female and White patients, respectively. Patients with prostate cancer had the best scores while patients with head and neck and lung cancer had the worst scores. PRO scores varied by cancer disease site and stage. Social support may act in combination with specific patient/tumor factors to influence PRO scores. These findings present opportunities to address patient support at institutional levels.
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1. Introduction


Following a diagnosis of cancer, patients can experience varying levels of distress and anxiety [1,2,3]. In addition, patients may experience pain, changes in energy level and other disturbances to their well-being. Contemporary studies have indicated that the constellation and trajectory of these symptoms may be a predictor of mortality [4,5]. In the past, caregivers have elicited a patient history and performed unilateral examinations to determine prognosis and create a treatment plan. More recently, the medical community has relied on patient-reported outcome (PRO) scores to place more emphasis on patient perspectives. This shift to PRO score utilization has occurred to determine more accurately a patient’s perception of their quality of life and specific concerns after a cancer diagnosis. Utilizing PRO scores allows the medical community to manage the symptoms and distress that occur as a result of the diagnosis. In a team approach to health care, discrepancies between physician and patient perspectives can often go unrecognized. These barriers in communication can be exacerbated by numerous sociodemographic factors [6,7]. The utilization of PRO surveys may help to mitigate these communication lapses. The previous literature has shown that targeting interventions based on PRO scores can result in improved patient quality of life, a better ability to tolerate definitive treatment and decreased complications from treatment [8,9]. When combined with traditional history and physical examination, PRO scores may help to target resources and lessen suffering in patients with cancer. PRO scores can be used to advance equity in health care by offering patients the ability to express their concerns and experience with a measurable, validated tool, decreasing the probability of bias affecting results or physicians’ comprehension [10]. The use of PRO scores is relatively limited, however. Only a small percentage of new cancer patients ever have PRO scores measured or interventions based on PRO scores [11,12,13].



Social determinants of health refer to the social, economic and environmental conditions in which people are born, grow, live, work and age. These factors can have a profound impact on physical, mental and social well-being [14]. These conditions include access to resources and services, the physical and social environment, quality of housing and availability of health care and education [15]. Approximately twenty percent of health outcomes can be attributed to clinical care, whereas socioeconomic factors, health behaviors and the physical environment have a more substantial effect [16]. As an example, African Americans tend to have worse survival for most cancers in the United States [17]. There has been only sparse literature concerning the relationship of social determinants of health with patient-reported views [18]. Disparities in treatment may lead to varying levels of distress experienced by patients. African Americans and economically disadvantaged patients tend to be diagnosed at advanced stages compared to other races and have greater obstacles to obtaining appropriate treatment [19,20,21]. As such, our goal was to examine the association of social determinants and other patient factors with PRO scores.




2. Materials and Methods


2.1. Patients


This study was performed at Henry Ford Health (Detroit, MI, United States), a tertiary cancer center located in the center of a large urban community. The medical center is situated in the northern United States and has been present for several decades in its current location. The cancer center serves a diverse population and treats thousands of patients with a new diagnosis of cancer annually. Institutional review board approval was obtained prior to conducting the study. All patients with a diagnosis of cancer were eligible to complete a PRO survey at one large urban/suburban health system. While all patients were eligible, no patient was required to complete the survey. The PRO surveys were automatically assigned to the electronic health record of patients who were at least 18 with an oncologic International Classification of Diseases, 10th Revision, clinical modification code on their problem list and seeing a surgeon, radiation oncologist, medical oncologist or oncology support provider. PRO surveys were available and offered prior to their visit by using the electronic health record or in person. When in person, tablets were provided to each patient to complete the survey. The PRO survey was selected by an internal patient-reported outcomes committee. The committee comprised members from the following specialties: medical oncology, radiation oncology, surgery, palliative care medicine, public health sciences and social work. The survey used was obtained from the National Institute of Health’s Patient-Reported Outcomes Measurement Information System (PROMIS) [22]. The PROMIS computer adaptive test (CAT) was chosen because of its user friendliness and ability to measure specific domains with relatively few questions. All patients who chose to complete the form had their information stored in a secure database.




2.2. PRO Survey


The PRO survey contained four separate domains that were scored: physical function, fatigue, pain interference and depression. Each domain was scored between 0 and 100. A higher category score in fatigue, pain interference and depression indicated a higher level of distress. Conversely, a higher physical function score indicated less distress. Selected PRO measures were domain-specific, rather than disease-specific, to allow for the application of the survey across all primary cancer sites. These measures were developed and validated to measure function and symptoms in both the general population and those with chronic conditions like cancer. Patients had the option to complete the survey through their online medical record portal if they desired and had the means to complete the survey electronically. If unable to complete via their online medical portal, patients were given the opportunity to complete the survey at their clinic visit by using designated iPads.



All patients with a new cancer diagnosis between 2020 and 2022 were included in this study. A patient was included if the PRO survey was completed within 6 months of the initial date of diagnosis. Patient demographics, including race, gender, marital status, insurance type, Charlson Co-Morbidity Index (CCI) and race, were included. For employment level and income, zip-code-level statistics were used for each patient and were obtained from the United States 2020 census tabulation [23]. Tumor characteristics, such as the disease’s primary site and stage, were recorded. The method of completing the survey (online vs. in person) was also recorded.




2.3. Statistical Analysis


The continuous measures were summarized as means with standard deviation. The categorical data were summarized by percentage. Differences in the means between the groups were compared by a t-test or analysis of variance (ANOVA). Significant ANOVA results were followed by post hoc t-tests between the factor levels. Associations between the continuous variables were measured by Spearman’s correlation coefficient (rho). The 95% confidence interval is presented for rho, with a p-value for the significant differences from rho = 0 computed by an asymptotic t approximation. Variable selection for multivariable models of the PROMs used the importance scores from random forest regression. For PROMs that had multiple correlated census-level variables of high importance, the variable(s) with importance across the PROM domains was retained for easier comparison. Multivariable modeling was conducted by linear regression. All significance testing used an alpha = 0.05 threshold for two-sided hypothesis tests. All the analyses were completed on patient-level data. To understand the patient population, descriptive statistics were reported.





3. Results


3.1. Demographics


A total of 7285 recorded surveys were completed by 4016 unique patients. Of this group, 1090 unique patients completed the survey within the first 6 months after their initial diagnosis and were included in this study (Table 1). The mean age was 60.2 ± 12.75 years. Female patients composed 60.3 percent of the cohort. There was a diverse patient population, with non-White patients representing 29.6% of the cohort. The majority of patients did not have private insurance, and nearly 80% of patients utilized the online portal to complete the survey.




3.2. Univariate Analyses of Social Determinants of Health versus PRO Scores


Table 2 shows univariate analyses of social determinants of health versus PRO scores. There was a significant association between decreasing age and improved physical function (approx. t, p < 0.01). Men had significantly higher pain interference compared to women (t-test, p = 0.04). Increased comorbidity burden was associated with worse fatigue, pain interference and physical function (approx. t, p < 0.01). Pain interference and physical function were improved for patients who were White compared to non-White patients, married patients compared to patients in other relationship states (ANOVA, p < 0.01), patients with private insurance compared to Medicaid and Medicare (ANOVA, p < 0.01), in neighborhoods with higher incomes (approx. t, p < 0.01) and in neighborhoods with decreased unemployment rates (approx. t, p < 0.01). Interestingly, patients who used the online portal to complete their survey had significantly improved individual PRO scores in each domain compared to those who completed their survey at their clinic visit (t-test, p < 0.01). Married patients and patients who utilized the online portal were among the patients who had significantly improved PRO scores.




3.3. Univariate Analyses of Tumor Characteristics versus PRO Scores


Table 3 shows univariate analyses of the tumor characteristics versus PRO scores. The mean PRO scores were the worst for patients with lung, gastrointestinal and head and neck disease in each domain (ANOVA, p < 0.01). The mean PRO scores were the best for patients with prostate cancer. The average PRO scores were worse for Stage IV disease in each domain (ANOVA, p < 0.01).




3.4. Multivariate Analyses


Table 4 shows the mean change in the PRO score for each domain, adjusting for unemployment rate, disease stage and other important predictors. Patients with an advanced disease had significantly worse depression and fatigue scores. Pain interference scores were significantly worse for patients with head and neck and lung primary tumors compared to patients with breast tumors. Patients with prostate cancer, conversely, had significantly better pain interference scores than patients with breast cancer. Patients who completed their surveys online also had significantly better pain scores. Physical function scores were worse for patients with advanced disease and patients with Medicare or Medicaid insurance compared to those with private insurance. Finally, physical function scores decreased with increasing comorbidity burden.





4. Discussion


Patient-reported outcomes have become a more valuable tool in treating patients diagnosed with cancer. Patients diagnosed with cancer demonstrate varying levels of stress and anxiety associated with their disease. By using a patient-reported outcome measurement, providers are better able to address the specific areas of distress and customize care to the patient. Our goal was to examine the associations of social determinants of health with patient-reported outcomes. Based on our results, it appears that there are significant interactions between social determinants of health and fatigue, pain interference, physical function and depression PRO scores among patients being treated for a new cancer diagnosis. Understanding the relationship between these social determinants of health and PRO scores will help caregivers guide management more effectively.



To our knowledge, our institution was one of the first cancer programs to use real-time PRO scores as a “vital sign” for cancer care across the entire system [24]. In our practice, PRO scores that meet the threshold for a “severe” issue are transmitted immediately to a team that can refer patients for needed interventions during the clinic visit. This immediate referral can improve quality of life, prevent unnecessary visits to the emergency room and reduce anxiety during the treatment phase. In review of the literature, recent collaborations have shown that monitoring PRO scores in real time can reduce unscheduled health services via supportive care interventions [25].



One interesting finding in our study was that patients who completed their surveys online by using the medical record portal had better scores. The ability to complete a survey online may possibly be a surrogate for improved social support and economic means. The previous literature has shown that patients with higher salaries, patients who live in a technology-dense neighborhood with high-speed internet and nonminority patients tended to use online medical record portals more frequently than other patients [26,27,28,29]. Despite increased availability over time, disparities in internet and computer access persist. In a recent population-based study, 23 percent of youth in low-income neighborhoods and 18 percent of African American youth overall had no internet access [30]. Additionally, African Americans, Native Americans and Alaska Natives are each less likely to have digital access compared to White Americans. This lack of access is also seen in rural households when compared to those living in urban areas [31].



In our institution, the PRO survey was offered to all patients prior to their visit by using the online portal and, if not completed, in person on the day of the visit by using designated iPads. There may be value in using the ability to complete the survey electronically prior to the appointment as a factor that guides the need for social work or case management referral. There are no studies yet that have studied the outcomes of patients with cancer based on the propensity to complete a PRO survey electronically. In patients undergoing kidney transplantation, however, there was no difference in outcomes based on the use of the online medical record portal [32].



In our study, African American and other non-White patients tended to have more pain interference and worse physical function decline than White patients. Unfortunately, there are still pervasive misconceptions about the thresholds of pain versus race. As recently as 2016, a study involving medical students and residents revealed that approximately 50 percent of participants had at least one false belief about White patients compared to African American patients [33]. Those beliefs included ideas such as “Blacks’ skin is thicker than Whites” and “Blacks’ nerve endings are less sensitive than Whites.” Other studies have shown that African American cancer survivors tend to have more daily pain than White survivors [34,35,36,37]. Our findings and previous studies seem to indicate that the medical community may not be addressing pain in non-White patients with cancer as well as White patients. In the future, increased awareness of these disparities may help reduce pain in cancer patients.



Neighborhoods with lower income and higher unemployment rates experienced worse PRO scores across multiple domains. Unfortunately, these factors are often associated with obstacles to care. Such obstacles include a lack of transportation or access to medical centers, increased medical mistrust and financial difficulties [14,38]. Language barriers may also be a factor, as some neighborhoods with lower socioeconomic statuses have a higher percentage of patients who do not speak English proficiently [39]. Medical centers can mitigate some of these obstacles to care by providing resources if and when available. As an example, ensuring that there are adequate translation services available may reduce anxiety or allow patients to relay any issues with pain more accurately. Another example would be providing transportation vouchers or ride-sharing services to patients based on PRO scores. These services are available at our institution, and we encourage other institutions to create similar resources for patients if possible.



The primary tumor site was independently associated with PRO scores. Patients with head and neck, lung and gastrointestinal tumors had the worst PRO scores in our study, and this persisted for pain interference in multivariable analyses. This trend is likely related to the increased dysfunction caused by these specific tumors. We also observed that the PRO scores worsened as the tumor stage advanced. Increased tumor burden and sequelae of disease would be expected to cause increased dysfunction [40,41]. Given the findings of our survey, targeting patients with an advanced disease at presentation may be helpful in addressing distress early to ease symptoms and improve quality of life. There should be consideration toward reflexive social work referrals for patients with advanced tumors. Also, future studies should track PRO scores longitudinally as the stage advances to determine optimal times to intervene.



PRO surveys measure condition-specific and generic symptoms [42]. There are currently hundreds of PRO surveys available. In selecting the appropriate survey, it is important to ensure that it measures the desired outcomes. In our survey, we utilized a validated tool developed by the NIH PROMIS group [43,44,45]. By using a publicly available and validated tool, we can ensure our patient scores are reliable measures of symptoms and distress.



PRO scores have been used as a research tool in cancer for many years and have been shown to be a strong predictor of survival [46]. More recently, a randomized trial in patients with advanced cancer showed that using real-time PRO scores actually improved overall survival [47]. Based on these studies, implementing PRO scores across an entire cancer enterprise should be beneficial to patient care. Our current study focused on the initial phases of diagnosis and treatment. Future studies will aim to determine the impact that PRO score monitoring has on outcomes.



The coronavirus disease 2019 (COVID-19) pandemic altered healthcare delivery and cancer care dramatically during part of this study. During the first few months of 2020, our institution had several weeks in which we temporarily stopped elective surgical operations on some patients. The number of patients who elected to come to our institution decreased as well. But, this study was conducted over a 3-year period, and many of the disruptive aspects of the pandemic had subsided for most of the study.



This study has limitations. Firstly, our survey was not obligatory. As such, there may be a selection bias in the patients who decided to complete the survey. However, during the study period, we estimated a response rate of approximately 33 percent. That response rate is generally higher than most other survey-based studies in the literature. Also, our cohort included an uneven representation of patients based on primary disease sites. Future studies should focus on more uniform participation among primary disease sites. Another limitation is that our cohort comes from a single institution. A larger multi-institutional study would demonstrate whether our findings can be generalized. Finally, we chose to include all patients who completed the PRO survey within 6 months of their initial diagnosis. We chose this time frame because, as a medical center in a large urban area, we frequently encounter patients who have extended delays between the date of diagnosis and the date of first treatment. Other similar institutions in urban areas have also seen intervals as long as 121 days [48]. Our goal was to include this set of patients without creating a time frame that was excessively long. Although we did not have longitudinal PRO score data on most patients, it did not appear that the treatment or interventions affected these initial PRO survey scores.




5. Conclusions


Increasing focus on the social determinants of health in clinical care and population health models has demonstrated that these elements have a profound impact on the quality of healthcare and patient outcomes. Certain groups of patients may have more distress after a cancer diagnosis. Utilizing a PRO survey may help to identify specific ways to provide support and lessen that distress. By measuring the impact of health care on patient satisfaction and quality of life, patient-centered outcomes can be used to assess the effectiveness of the care provided and the overall value of medical services. Future studies should be performed to measure multiple PRO scores for each patient. A longitudinal approach may help to determine the effectiveness of specific support resources offered to patients after a cancer diagnosis.
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Table 1. Sociodemographic and health characteristics of patients in the study. Henry Ford Health, Detroit, Michigan, January 2020 to December 2022.
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	Age, Years (Mean ± SD)
	60 ± 12.75





	Female
	60.3% (658/1090)



	Race
	



	 White
	66.1% (721/1090)



	 African American
	25.7% (280/1090)



	 Other
	3.9% (43/1090)



	 Unknown
	4.2% (46/1090)



	Marital status
	



	 Married
	53.8% (586/1090)



	 Single
	33.9% (369/1090)



	 Other
	5.2% (57/1090)



	 Unknown
	7.2% (78/1090)



	Insurance status
	



	 Medicare
	41.4% (451/1090)



	 Private
	35.4% (386/1090)



	 Medicaid
	9.3% (102/1090)



	 Unknown
	13.9% (151/1090)



	Online portal use
	79.3% (864/1090)



	Primary disease site
	



	 Breast
	30.5% (332/1090)



	 Head and neck
	16.6% (181/1090)



	 Lung
	14.8% (162/1090)



	 Gastrointestinal
	14.6% (159/1090)



	 Prostate
	2.2% (24/1090)



	 Other
	21.3% (232/1090)



	Stage
	



	 0/in situ
	3.9% (43/1090)



	 I
	24.5% (267/1090)



	 II
	12.7% (138/1090)



	 III
	14.4% (157/1090)



	 IV
	21.4% (233/1090)



	 Unknown
	23.1% (252/1090)










 





Table 2. Univariable analyses of sociodemographic characteristics in relation to PRO scores. Henry Ford Health, Detroit, Michigan, January 2020 to December 2022.
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	Variable
	Depression
	Fatigue
	Pain Interference
	Physical Function





	Age *
	−0.02 (−0.08, 0.04)
	−0.01 (−0.08, 0.06)
	−0.03 (−0.10, 0.04)
	−0.15 (−0.21, −0.08)



	
	p = 0.48
	p = 0.85
	p = 0.46
	p < 0.01



	Gender **
	
	
	
	



	 Female
	51.1 (9.3)
	53.5 (10.4)
	54.5 (9.9)
	41.8 (10.4)



	 Male
	50.8 (9.3)
	53.1 (11.2)
	56.0 (11.1)
	42.0 (11.8)



	
	p = 0.84
	p = 0.80
	p = 0.04
	p = 0.77



	Race **
	
	
	
	



	 White
	51.2 (9.2)
	53.7 (10.7)
	54.4 (10.4)
	42.3 (10.7)



	 Non-White
	50.6 (9.6)
	52.5 (10.8)
	56.6 (10.4)
	41.0 (11.1)



	
	p = 0.75
	p = 0.24
	p < 0.01
	p < 0.01



	Ethnicity **
	
	
	
	



	 Hispanic or Latino
	53.5 (10.9)
	52.4 (7.7)
	55.1 (8.2)
	43.8 (9.4)



	 Not Hispanic/Latino
	50.9 (9.3)
	53.3 (10.8)
	55.3 (10.5)
	41.7 (10.9)



	
	p = 0.26
	p = 0.55
	p = 0.73
	p = 0.45



	Marital status **
	
	
	
	



	 Married
	50.4 (9.0)
	52.6 (10.7)
	54.1 (10.4) s
	42.7 (11.4) so



	 Single
	51.4 (9.8)
	54.5 (10.8)
	56.8 (10.4) m
	40.8 (10.0) m



	 Other
	51.3 (9.3)
	54.2 (10.5)
	56.9 (9.7)
	38.1 (10.3) m



	
	p = 0.19
	p = 0.06
	p < 0.01
	p < 0.01



	Insurance status **
	
	
	
	



	 Medicare
	51.5 (9.5)
	54.2 (10.1)
	55.5 (10.6) p
	39.5 (10.4) p



	 Private
	50.2 (9.0)
	52.2 (11.3)
	53.8 (10.1) md
	44.7 (10.9) md



	 Medicaid
	52.4 (9.5)
	54.5 (10.9)
	58.0 (9.7) p
	40.3 (11.2) p



	 Other
	51.1 (8.9)
	53.1 (9.5)
	57.3 (6.0)
	38.4 (11.3)



	
	p = 0.06
	p = 0.10
	p < 0.01
	p < 0.01



	Online portal use **
	
	
	
	



	 Activated
	50.4 (9.0)
	52.5 (10.3)
	54.1 (10.1)
	43.1 (10.4)



	 Other
	52.9 (10.2)
	57.4 (11.7)
	59.7 (10.8)
	36.5 (11.5)



	
	p < 0.01
	p < 0.01
	p < 0.01
	p < 0.01



	CCI score *
	0.03 (−0.03, 0.10)
	0.16 (0.09, 0.23)
	0.08 (0.01, 0.15)
	−0.21 (−0.28, −0.14)



	
	p = 0.30
	p < 0.01
	p = 0.03
	p < 0.01



	Median income *
	−0.04 (−0.10, 0.02)
	−0.04 (−0.11, 0.03)
	−0.13 (−0.20, −0.07)
	0.11 (0.04, 0.18)



	
	p = 0.19
	p = 0.25
	p < 0.01
	p < 0.01



	Unemployment rate *
	0.04 (−0.03, 0.10)
	0.02 (−0.05, 0.09)
	0.12 (0.05, 0.19)
	−0.10 (−0.17, −0.03)



	
	p = 0.26
	p = 0.52
	p < 0.01
	p < 0.01







* Continuous variables are reported as Spearman’s correlation coefficient and 95% confidence interval in parentheses. ** Categorical variables are reported by using mean PRO score and standard deviation in parentheses. Superscripts reflect significant mean difference in post-hoc t-tests of marital status (m, married; s, single; o, other) and insurance (p, private; m, Medicare; d, Medicaid). Bold represents p-values less ≤ 0.05.













 





Table 3. Univariable analyses of tumor and treatment characteristics vs. PRO scores. Henry Ford Health, Detroit, Michigan, January 2020 to December 2022.
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	Variable
	Depression
	Fatigue
	Pain Interference
	Physical Function





	Primary disease site *
	
	
	
	



	 Breast
	49.7 (8.6) ghlp
	51.1 (10.0) glo
	53.0 (9.3) ghlp
	44.4 (10.0) glo



	 Head and neck
	52.6 (8.9) bop
	53.1 (10.5) gp
	58.4 (10.4) bop
	42.3 (11.4) gp



	 Lung
	52.8 (9.5) bop
	55.6 (10.9) bp
	57.7 (10.8) bop
	37.8 (10.6) bhp



	 Gastrointestinal
	51.7 (9.3) bp
	56.2 (10.3) bhp
	56.5 (10.4) bop
	39.5 (10.3) bhp



	 Prostate
	45.8 (9.9) bghlo
	46.7 (12.4) ghlo
	45.6 (7.7) bghlo
	47.5 (10.5) ghlo



	 Other
	50.2 (9.9) hlp
	55.0 (10.9) bp
	53.9 (10.8) ghlp
	40.4 (11.5) bp



	
	p < 0.01
	p < 0.01
	p < 0.01
	p < 0.01



	Stage *
	
	
	
	



	 Stage 0
	49.0 (10.9) 4
	48.9 (9.4) 234
	52.7 (10.2) 4
	44.2 (11.5) 4



	 Stage 1
	50.5 (8.9) 4
	51.2 (9.8) 4
	54.0 (9.7) 4
	44.5 (10.1) 4



	 Stage 2
	49.9 (8.3) 4
	53.1 (10.8) 04
	54.4 (10.1) 4
	42.3 (10.7) 4



	 Stage 3
	50.2 (9.5) 4
	53.5 (10.3) 04
	54.6 (11.2) 4
	42.0 (11.2) 4



	 Stage 4
	53.5 (9.2) 0123
	57.0 (11.6) 0123
	58.7 (10.1) 0123
	37.8 (10.7) 0123



	
	p < 0.01
	p < 0.01
	p < 0.01
	p < 0.01







* Categorical variables are reported by using mean PRO score and standard deviation in parentheses. Superscripts reflect significant mean difference in post hoc t-tests of primary site (b, breast; g, gastrointestinal; l, lung; h, head and neck; o, other; and p, prostate) and stage (0, 1, 2, 3 and 4). Bo