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Introduction: Cancer pain remains a significant burden among children with cancer, and many patients experience pain starting around the time of diagnosis and throughout the course of treatment. A biopsychosocial treatment approach has been recommended to improve pain management in this population; however, specific psychosocial factors that contribute to pain in the early phases of pediatric cancer treatment have yet to be identified. The purpose of this study was to explore the biopsychosocial factors associated with pain experiences during the early phases of pediatric cancer treatment, with the goal of identifying children who may be at the highest risk for pain to inform future intervention and prevention efforts.

Methods: Data were collected from 203 children with cancer (M = 12.3 years of age, 53.2% male, 41.4% White, 26.6% Latino) and their primary caregiver within the first several weeks of treatment (M = 10 weeks). Children completed self-report questionnaires and caregivers completed self- and parent-proxy questionnaires at baseline. Cancer-related data, including diagnosis and date of diagnosis, were abstracted from the child's electronic medical record. Multiple regression analysis was used to examine associations between biopsychosocial risk factors, pain intensity, and pain interference.

Results: Older age, female gender, and elevated depressive symptoms, fatigue, and child self-reported pain catastrophizing were significantly associated with increased pain intensity. Additionally, lower annual income, decreased physical functioning, and greater fatigue, child pain catastrophizing, and parent stress were significantly associated with increased pain interference.

Discussion: Findings underscore the importance of utilizing a comprehensive biopsychosocial approach to pain assessment and management in pediatric oncology. This approach highlights the need for targeted interventions that address not only the physical aspects of pain but also the psychological and social contexts of patients, ensuring a more holistic and effective treatment strategy.
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Introduction

Over 12,000 children and adolescents are diagnosed with cancer each year in the United States (Siegel et al., 2021). Pediatric cancer survival rates have greatly improved with advancements in treatment; however, cancer pain remains a significant burden and has been reported by children and their caregivers as the most distressing symptom of their cancer experience (Collins et al., 2000; Hedstrom et al., 2003; Moody et al., 2006; Pöder et al., 2010; Dupuis et al., 2016; Tutelman et al., 2018; Jibb et al., 2022). Pediatric patients may experience pain starting around the time of diagnosis, as well as throughout the course of treatment (Jibb et al., 2022; Elliott et al., 1991; Forgeron et al., 2006; Levine et al., 2017; Miser et al., 1987; Zernikow et al., 2005). Moreover, unmanaged pain during treatment has been shown to decrease quality of life, coinciding with various adverse outcomes (e.g., sleep problems, stress, depression, development of behavior problems) (Tutelman et al., 2018; Ruccione et al., 2013; Simons et al., 2014). In addition, pediatric cancer patients are at greater risk of being diagnosed with a pain condition and other health-related complications into survivorship (Diller et al., 2009; Huang et al., 2013; Lu et al., 2011; Alberts et al., 2018, 2024).

Pain is a complex experience that involves multiple factors and contributors. Accordingly, the biopsychosocial model describes pain as multidimensional and involving dynamic interactions among biological, psychological, and social factors (Simons et al., 2014; Gatchel et al., 2014). Specific psychosocial factors may serve as risk or resilience factors that influence the probability of developing a chronic pain condition (Meints and Edwards, 2018). For example, psychological factors such as anxiety and depressive symptoms, fatigue, and pain catastrophizing, can increase pain and pain-related distress, whereas engagement in physical activity, lower pain-related disability, and high pain self-efficacy (i.e., engaging in routine activity despite pain) can reduce pain (Meints and Edwards, 2018). Specific biological and social factors, such as older age, female gender, and lower socioeconomic status, have also been identified as risk factors for the development of chronic pain (de Oliveira et al., 2023; Mills et al., 2019; Schmitz et al., 2013; Huguet et al., 2016; Vierhaus et al., 2011). The identification of the biopsychosocial factors associated with pain is a crucial element in optimizing pain outcomes (Kovačević et al., 2024), and, as such, it is recommended that the understanding and treatment of pain include a comprehensive assessment that incorporates a biopsychosocial perspective (Meints and Edwards, 2018; Gatchel et al., 2007; Liossi and Howard, 2016; Bevers et al., 2016).

Literature examining pain in pediatric cancer patients supports embracing a multifaceted, biopsychosocial approach to improve pain management for this population (Fuller et al., 2022; Klages et al., 2025). However, the early weeks of cancer treatment present a unique context in which pain experiences may differ from those observed in pediatric chronic pain populations. Unlike chronic pain conditions that develop over time, pain during early cancer treatment is often acute and may arise from a combination of disease-related factors (e.g., tumor infiltration, inflammation), intensive medical procedures (e.g., surgeries, lumbar punctures, chemotherapy-related mucositis or neuropathy), and significant psychological stress associated with a new cancer diagnosis (Alberts et al., 2018; Coluzzi et al., 2020; Ribeiro et al., 2017). This period is also marked by substantial physiological changes, including immune suppression and metabolic alterations, which may further influence pain sensitivity and processing (Page, 2013; Silva Santos Ribeiro et al., 2022; Lin et al., 2022). Additionally, distress related to repeated painful experiences during treatment may contribute to fear and avoidance behaviors, potentially shaping long-term pain trajectories differently than in youth with non-cancer chronic pain conditions (Fuller et al., 2022; Uhl et al., 2020). Caregivers also experience considerable distress while assisting their child in identifying effective pain management strategies (Twycross et al., 2015; Caes et al., 2014). Given these unique factors, relying solely on findings from the pediatric chronic pain literature may not fully capture the complexities of pain in this specific context. Instead, early, targeted interventions tailored to the distinct biological, psychological, and treatment-related contributors to pain in pediatric oncology are needed to optimize pain control and prevent long-term adverse outcomes (Gatchel et al., 2014; Bevers et al., 2016).

Despite significant pain experienced by youth with cancer, as well as interest to improve pain-related distress in this population, examination of specific biopsychosocial factors that may contribute to pain in the early phases of pediatric cancer treatment remain understudied. As such, the purpose of the current study was to explore biopsychosocial factors that may be associated with the pain experience of children during early phases of cancer treatment. Specifically, we aimed to identify biopsychosocial factors that may assist in the identification of children early in the cancer journey who may be most at-risk for pain and pain-related disability (see Figure 1 for conceptual model) in order to aid in intervention and ultimately, prevention of cancer-related pain. We hypothesized that older age, female gender, lower annual income, greater psychological distress (e.g., anxiety, depressive symptoms, pain catastrophizing, parental stress), increased fatigue, and lower pain self-efficacy and physical functioning would be associated with higher pain intensity and greater pain-related disability during early cancer treatment.
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FIGURE 1
 Conceptual model of biopsychosocial predictors of pain intensity and pain interference in children newly diagnosis with cancer.




Materials and methods


Participants

This trial was approved by the Institutional Review Boards at both recruitment sites and registered with ClinicalTrials.gov (ClinicalTrials.gov Protocol Record NCT03384134). While the data of this manuscript are from a randomized controlled trial of a mobile health (mHealth) intervention designed to reduce pain and symptoms, the results presented in this manuscript reflect only data collected at recruitment (baseline) only and prior to randomization into the two intervention groups. Eligible patients were recruited from two major pediatric cancer centers in the United States, one in the western region and the other in the mid-southern region. Participants were eligible if they were ages 8-18 years old and: (a) were within 16 weeks of a first time cancer diagnosis, (b) primarily receiving or likely to primarily receive outpatient anti-cancer therapy, (c) were fluent in English, (d) had experienced a pain score of 30 or greater on a visual analog scale (VAS) at recruitment, and (e) had home internet access to use the mHealth intervention. Exclusion criteria included: (a) cognitive impairment of the child (e.g., developmental delay) that would impact the child's ability to use the mHealth program and (b) children whose treatment protocols were largely inpatient. A total of 285 patients meeting the initial eligibility criteria (a–c above) were approached. Of these, 67 reported VAS scores below 30 at recruitment, resulting in a final sample of 203 participants.



Measures
 
Demographic and baseline data

Parents completed a questionnaire assessing a range of demographic data, including children's age, gender, and race/ethnicity as well as annual household income. Cancer diagnosis and date of diagnosis were extracted from the child's electronic medical record.



Pain: visual analog scale (VAS)

Because of the focus on pain reduction in the overall trial, children who reported a 30 or greater on the VAS were eligible for recruitment. The VAS collects pain severity using a 0-100 scale and is a recommended measure of self-report pain in children ages 8 and older and has good psychometric properties (Savedra et al., 1989).



Health-related quality of life: pediatric quality of life inventory (PedsQL)

The present study incorporated by the generic and multidimensional fatigue modules of the PedsQL, which are widely used and well-validated measures of health-related quality of life applied to healthy children and adolescents and those with acute and chronic health conditions (Varni et al., 2002; Varni and Limbers, 2009). Children respond to items using a 5-point Likert-type scale that ranges from 0 (never a problem for me) to 4 (almost always a problem for me). Items are reverse-scored and then transformed to a 0-100 scale with higher scores reflecting better quality of life. Psychometric properties for the PedsQL are excellent (Varni et al., 2002; Varni and Limbers, 2009). Children completed the self-report version of the PedsQL and parents completed the parent proxy report of children's functioning.



Pain-related functioning: child activities limitation interview (CALI-21)

The CALI-21 is a validated measure of pain-related functional impairment in school-aged children (Palermo et al., 2008). Children are asked to respond to pain-related limitations in 21 functional activities using a 5-point Likert-type scale where 0 = not difficult to 4 = extremely difficult. Higher scores reflect greater pain-related functional impairment. The CALI-21 has strong psychometric properties and is a widely used measure in children with chronic pain (Palermo et al., 2008).



Anxiety and depressive symptoms: revised child anxiety and depression scale (RCADS)

The RCADS is a well-validated and widely used measure to assess potentially clinical levels of anxiety and depression in youth (Chorpita et al., 2000). Both anxiety and depression are highly associated with chronic pain in children and accordingly, was assessed as a potential correlate of pain in the present study. The RCADS contains 47 items, rated on a 4-point Likert-type scale (0 = never, 3 = always) and has strong psychometric properties (Chorpita et al., 2005).



Pain catastrophizing: pain catastrophizing scale for children (PCS-C)

Given strong associations between children's pain and catastrophizing, which reflects children's worry, focus on negative outcomes, and feelings of inability to cope with pain. Pain catastrophizing has been shown to be associated with higher pain severity in the context of chronic pain and is a predictor of both persistent pain and the transition from acute to chronic pain (Kremer et al., 2013). The PCS-C is a well-validated measure of children's pain catastrophizing that has children respond to items using a 5-point Likert-type scale ranging from 0 (not at all) to 4 (very true) with higher scores reflecting greater catastrophic thinking (Crombez Bijttebier et al., 2003).



Parental stress: perceived stress scale (PSS)

Given increased parental stress as a function of caring for a child with cancer and potential associations with parental stress and children's pain, we assessed parent stress with the PSS, a widely used self-report measure in which individuals report the degree to which parents perceive their lives as stressful within the last month (Cohen et al., 1983). The PSS is a 14-item measure in which parents responded to items using a 5-point Likert-type scale where 0 = never and 4 = very often and where higher scores are reflective of greater perceived stress. The PSS has strong psychometric properties (Hewitt et al., 1992).



Parental anxiety: state-trait anxiety inventory (STAI)

Given associations with parental anxiety and children's pain, we assessed parent anxiety using the STAI, which is a widely used measure of state (situational) and trait (general) anxiety (Spielberger, 1983). The STAI is comprised of two 20-item measures assessed on a 4-point Likert-type scale ranging from 1 = almost never to 4 = almost always with higher scores reflecting higher anxiety. The STAI has excellent reliability and validity across multiple studies (Spielberger, 1989).




Procedures

Children were recruited using lists of patients obtained from the cancer clinic from the hospitals at which recruitment occurred. Potentially eligible patients were contacted via telephone or in person at a scheduled appointment and screened for eligibility. Parents of eligible patients provided informed consent and children provide informed assent. All baseline measures were collected at consent using REDCap, an electronic data capture platform specifically designed, in part, for research data collection (Harris et al., 2009).



Statistical analyses

Data screening procedures were performed using SPSS version 29 (IBM Corp., Armonk, NY, USA) and out-of-range values, skewness, kurtosis, means, and standard deviations (SD) were evaluated using descriptive statistics. The data were within the range of minimum and maximum values for each measure and the percentage of missing data overall was < 5%. Diagnoses were categorized based on the International Classification of Childhood Cancer (ICCC) as (1) leukemia, (2) lymphoma, (3) solid tumor, or (4) central nervous system tumor (SEER, https://seer.cancer.gov/iccc/). Demographic and descriptive variables were analyzed using frequencies. Multiple regression was used to examine associations between biopsychosocial variables, including diagnosis, time since diagnosis, child age, gender, race/ethnicity, annual income, physical functioning, pain-related self-efficacy, pain catastrophizing, fatigue, and anxiety and depressive symptoms, and parent anxiety symptoms and stress, and child pain intensity and pain interference ratings (Figure 1). Analyses were conducted in Mplus Version 8.10 using robust maximum likelihood estimation, which adjusts the standard errors and chi-square test statistics to account for multivariate kurtosis and data missingness.




Results

Demographic and disease characteristics are presented in Table 1. Children were primarily male (53.2%) and White (41.4%), Latino (26.6%), or Asian (19.7%). The mean age of the sample was 12.3 years (SD = 2.86), and the average annual income was $87,758 (SD = $813.50; Median = $80,610). The majority of children who participated in the current study were receiving treatment for a leukemia (41.9%) or solid tumor (27.6%) diagnosis, and data were collected approximately 10 weeks following diagnosis (SD = 4.8). The mean pain intensity rating at time of data collection was 62.42 (SD = 22.4), indicating a moderate level of pain intensity on average.


TABLE 1 Demographic and disease characteristics.
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Pain intensity

Multivariate regression analyses revealed that child age, gender, and fatigue, depressive symptoms, and pain catastrophizing were significantly associated with pain intensity. Specifically, older age (Est. = 1.95, p = 0.006), female gender (Est. = 7.32, p = 0.005), and elevated depressive symptoms (child self-report: Est. 1.87, p = 0.007; parent-proxy: Est. 2.16, p = 0.003), fatigue (child self-report: Est. = −0.40, p = 0.03; parent-proxy: Est. = −0.38, p = 0.02), and child self-reported pain catastrophizing (Est. 0.45, p = 0.036) were associated with higher pain intensity ratings. See Table 2 for results.


TABLE 2 Associations between biopsychosocial variables and pain intensity in children newly diagnosed with cancer.
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Pain interference

Annual income, physical functioning, fatigue, pain catastrophizing, and parent stress were significantly associated with pain interference. Specifically, lower annual income (Est. = −0.04, p = 0.001), decreased physical functioning (child self-report: Est. = −0.38, p < 0.001; parent-proxy: Est. = −0.28, p < 0.001), and greater fatigue (child self-report: Est. = −0.35, p = 0.029; parent-proxy: Est. = −0.30, p = 0.013), parent-proxy report of child pain catastrophizing (Est. = 0.35, p = 0.01), and parent self-report of stress (Est. = 0.62, p = 0.002) were significantly associated with child self-report of pain interference. See Table 3 for results.


TABLE 3 Associations between biopsychosocial variables and pain interference in children newly diagnosed with cancer.
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Discussion

The current study aimed to explore the biopsychosocial factors associated with pain experiences during the early phases of pediatric cancer treatment, with the goal of identifying children who may be at the highest risk for pain and pain-related disability to inform future intervention and prevention efforts. The results indicate that children who are older; female; from lower income families; reported heightened symptoms of depression, physical impairment, and fatigue, and pain catastrophizing; and who have parents who report elevated stress are at greatest risk for experiencing pain and pain-related disability in the early period after cancer diagnosis.

Findings of the current study underscore the importance of utilizing a comprehensive approach to pain assessment and management in pediatric oncology, highlighting the need for targeted interventions that consider the biological, psychological, and social contexts of patients. Older children may have a more developed understanding of their illness and treatment, which could lead to increased symptoms depression, ultimately heightening their perception of pain (Holley et al., 2017; King et al., 2011; Stanford et al., 2008). Similarly, the predominance of pain in female patients could suggest that sex and gender-specific factors, such as hormonal influences and differences in pain perception, play a significant role and thus warrant further investigation (King et al., 2011; Evans et al., 2010; Kløven et al., 2017). It may also be the case that consistent with societal influences and expectations, girls are more comfortable expressing pain and boys may be more hesitant to report pain and that both gender and developmental stage may influence pain reports (Boerner et al., 2014). Accordingly, both age (developmental status) and gender may be important contributors to pain expression in children with cancer. Additionally, addressing socioeconomic disparities is crucial to ensure equitable pain management and improve outcomes for all pediatric oncology patients. Lower annual income can negatively impact pain-related disability in children with cancer by limiting access to healthcare resources, increasing psychosocial stress, and exacerbating environmental stressors (Valvi et al., 2024; Dana Farber, 2022). Association between psychological symptoms, particularly depression, and pain experiences in this population aligns with existing literature that recognizes the interplay between emotional wellbeing and pain (Dudeney et al., 2024; Eccleston et al., 2004; Forgeron et al., 2013; Kashikar-Zuck et al., 2001, 2008). In this context, interventions designed to reduce depressive symptoms are crucial, as they target the emotional factors that contribute to the pain experience. Consequently, addressing these psychological symptoms could be pivotal in alleviating pain among children undergoing cancer treatment. This underscores the importance of integrating psychological assessments and interventions into standard care practices in pediatric oncology (Kazak et al., 2015), especially during the early stages of treatment.

Consistent with the pediatric chronic pain and oncology literature (Palermo et al., 2008; Duran et al., 2020; Ho et al., 2019; Konijnenberg et al., 2005; Madi and Clinton, 2018; Feinstein et al., 2017; Yu et al., 2024; Tutelman et al., 2022), the present study found associations between physical impairment pain catastrophizing, pain intensity, and pain interference. Children undergoing cancer treatment often experience significant disruptions to their daily activities and routines, which can exacerbate pain and increase the tendency to catastrophize pain, thereby impairing their ability to cope. Therefore, tailoring rehabilitation and physical therapy interventions to not only improve mobility but also address pain catastrophizing and enhance emotional resilience could significantly benefit children undergoing cancer treatment, aligning with a biopsychosocial treatment approach.

Fatigue was also found to play a significant role in the pain experience among children undergoing cancer treatment. Fatigue is common and distressing symptom of pediatric cancer treatment (Hooke and Linder, 2019) and it can exacerbate both the physical and emotional challenges associated with cancer, creating a vicious cycle that intensifies pain (Hockenberry et al., 2010). Therefore, recommended evidenced-based behavioral interventions for fatigue, such as exercise, physical activity promotion, and/or cognitive behavioral therapy (Patel et al., 2023), may also be effective at improving pain and pain-related disability in children receiving cancer treatment.

The influence of parental stress on pain cannot be overlooked. Findings of the current study indicate that caregivers' emotional states have a direct impact on child pain experiences, emphasizing the interconnectedness of family dynamics and child health (Bakula et al., 2020; Cowfer et al., 2023; Link and Fortier, 2016). Existing research suggests that children often absorb the emotional states of their caregivers, which can heighten their own anxiety and exacerbate pain (Palermo et al., 2014; Stassart et al., 2017; Tsao et al., 2006). This underscores the importance of utilizing a family-centered approach in pediatric cancer treatment. Providing parents with psychological support and resources may help alleviate their anxiety, which could, in turn, benefit their child's pain management (Bakula et al., 2020; Pai et al., 2007).

Overall, this study highlights the multifaceted nature of pain in the early phases of pediatric cancer treatment, advocating for a biopsychosocial assessment and treatment approach to cancer-related pain. Child age, gender, annual income, depressive symptoms, pain catastrophizing, physical impairment, and fatigue, and parental stress were found to be significantly associated with pain and pain-related disability among children during early phases of cancer treatment. Future research should focus on developing targeted interventions that address these identified biopsychosocial risk factors to ultimately improve pain management and quality of life for children undergoing cancer treatment. By recognizing and addressing the interplay between these factors, healthcare providers can deliver more effective, individualized interventions to improve pain in this vulnerable population.

Results of this study should be considered within the context of several limitations. First, to be eligible for the present study, children with cancer needed to score a 30 or greater on a VAS in the month prior to recruitment. Therefore, pain scores and contributing factors are likely to be more elevated among this sample of children, thus limiting the generalizability of current findings. Second, the cross-sectional design of the current study limits the ability to determine causal relationships between biopsychosocial factors and pain. While we conceptualized these variables primarily as risk factors for pain, it is also possible that the reverse direction of the effect is true—that higher pain levels contribute to increased psychological distress, greater pain-related disability, and heightened parental stress. Future longitudinal research is needed to clarify the directionality of these associations and better understand the dynamic interplay between pain and biopsychosocial factors over time. Third, self-report and parent proxy-report measures are subject to bias, and caregivers of children with cancer tend to report greater impairment compared to child-self report (Levi and Drotar, 1999; Pinquart and Kauser, 2018). Finally, the findings of the current study may be affected by confounding variables that were not controlled for in our analyses (i.e., intensity of treatment regimen, toxicity). As treatment intensity and toxicity have been shown to impact pain among survivors of pediatric cancer (Anderson and Woods, 2020), future research should consider controlling for these factors.

The findings of this study have significant implications for clinical practice, particularly for newly diagnosed pediatric cancer patients and their families. Routine assessment of pain and biopsychosocial risk factors should be conducted early and throughout pediatric cancer treatment. Integrating patient-reported outcome (PRO) measures into pediatric cancer care can enhance treatment decision-making and support a more personalized approach to care (Reeve et al., 2023; Horan et al., 2022; Lai et al., 2019). Given the multidimensional nature of pain, best practice consensus guidelines from the pain and oncology fields recommend, at a minimum, PROs assessing pain intensity and pain interference (McGrath et al., 2008; Palermo et al., 2024; Miale et al., 2019; Palermo et al., 2021). Additionally, PROs evaluating other critical domains, such as pain quality, location, frequency, health-related quality of life (HRQoL), and the impact of pain on emotional (e.g., depressive and anxiety symptoms) and physical functioning, as well as sleep quality, are strongly recommended to provide a comprehensive understanding of the pain (Palermo et al., 2024). Since depressive symptoms, physical impairments, fatigue, and pain catastrophizing were found to be significantly associated with pain intensity and interference in this study, routine assessment of these factors is essential to guide effective pain management strategies. Identifying children at higher risk for pain-related distress early in their cancer treatment can help clinicians implement targeted interventions, potentially reducing pain burden and improving overall quality of life for both patients and their families.

While physical activity and exercise have been shown to be beneficial for children undergoing cancer treatment (Baumann et al., 2013), early referral to physical therapy and rehabilitation services may help prevent loss of physical function, fatigue, and pain. However, it is important to recognize that newly diagnosed patients and their families may feel overwhelmed and may not have the time or resources to engage in extensive supportive care therapies initially. Brief, targeted interventions could be particularly beneficial at this stage. For example, short sessions of cognitive behavioral therapy (CBT) can help children cope with depression, pain catastrophizing, and fatigue. These brief therapies can be more manageable for families during the early phase of treatment and can still provide significant benefits. Additionally, given the influence of parental stress on children's pain experiences, family-centered treatment remains critical (Palermo, 2012). Providing support and resources for parents can reduce their stress levels, positively impacting their child's pain management. Brief CBT interventions for parents can help them understand the nature of their child's pain and the psychological factors involved, reducing their distress and improving their ability to support their child. For some families, the ability to engage with more comprehensive supportive care therapies may come later in the treatment process. Therefore, it is essential to offer flexible and adaptable support options that can be tailored to the family's readiness and capacity to engage.
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Pain catastrophizing (1 = 193) 187+ 11.1 0-52
Pain anxiety (n = 180) 3L1+184 0-82
Fatigue (1 = 200) 60.8 +24.6 0-100
Depressive symptoms (1 = 199) 66£36 0-17
Anxiety symptoms (n = 199) 217£123 1-78
Parent-proxy report variables

Physical functioning (n = 198) 47.91+26.4 0-100
Pain self-efficacy (1 = 194) 223464 7-35
Pain catastrophizing (1 = 186) 211£112 0-52
Fatigue (n = 198) 64.6 % 18.0 4.2-100
Depressive symptoms (1 = 200) 66+£4.0 0-22
Anxiety symptoms (1 = 200) 197£133 0-93
Parent self-report variables

Anxiety symptoms (n = 175) 40.4 £ 9.03 24-66
Parental stress (1 = 200) 249486 2-49
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