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ABSTRACT OF THE DISSERTATION 

 

Salivary Inflammatory Biomarkers in the Context of Children’s Cancer-Related Pain, 

Psychosocial Well-Being, and Caregiver Perceived Stress 

By 

Crystle-Joie Guerrero Agbayani 

Doctor of Philosophy in Psychological Science 

University of California, Irvine, 2024 

Associate Professor Michelle A. Fortier, Chair 

 

Background. Children diagnosed with cancer experience pain and myriad 

psychosocial symptoms throughout their disease progression and treatment which 

negatively impact their quality of life. Caregivers of children with cancer are also at 

risk for poorer psychosocial outcomes, including increased stress. Oral and systemic 

inflammation may be associated with psychosocial outcomes and pain in children and 

stress in caregivers, however this has not been studied extensively. The present 

study aims to 1) measure salivary inflammatory biomarker concentrations in children 

undergoing treatment for cancer and their primary caregivers; 2) determine how 

salivary inflammatory biomarkers are related to patient- and caregiver-reported pain 

and psychosocial outcomes; 3) investigate the impact of Pain Buddy, a mobile health 

(mHealth) ambulatory symptom management intervention, on salivary biomarkers 

of inflammation in both children and caregivers; and 4) explore factors that may be 

associated with salivary biomarkers of inflammation. 

Method. Children ages 8 to 18 with a first-time cancer diagnosis were recruited along 

with one primary caregiver (N = 22 dyads) to take part in a randomized controlled 

trial (RCT) over 8 weeks. Children reported their daily pain and cancer-related 
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symptoms via a mobile application while receiving usual care. The intervention group 

(n = 14) received remote symptom monitoring and skills training for pain 

management and the attention-control group (n = 8) only reported on their pain. 

Child-caregiver dyads completed questionnaires at baseline, at the end of the 

intervention period, and at six months post-intervention. Dyads also collected saliva 

samples for three consecutive days at questionnaire timepoints along with reports of 

oral health, diet, and current medications.  

Results. Intercorrelations of salivary biomarkers and relationships between salivary 

biomarkers, pain, and psychosocial outcomes were examined among children and 

caregivers. In exploratory analyses, correlations were found between cancer 

diagnosis category and children’s T3 salivary TNF-α (rpb= -.358), as well as between 

cancer diagnosis category and caregivers’ baseline salivary IL-6 (rpb= .52). 

Conclusion. Overall, findings from the present study provide insight and novel 

methodology for studying potential immune processes (i.e., inflammation) associated 

with cancer among children within the first six months of a first-time diagnosis and 

their caregivers. The present study highlights the need for additional research with 

larger participant samples among children with cancer and their caregivers to 

determine how factors such as cancer diagnosis, medications, and self-reports of 

well-being may be related to salivary inflammatory biomarkers.
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Introduction 

The Centers for Disease Control and Prevention report that over 15,000 

children and adolescents younger than 20 years are diagnosed with cancer each year 

in the United States alone (Centers for Disease Control and Prevention, 2022). 

Throughout the course of their illness and treatment, most children will experience 

moderate to severe pain and disruptive psychosocial issues including anxiety and 

depression (An et al., 2013; Baggott et al., 2009; Collins et al., 2000; Sung et al., 

2011; Van Cleve et al., 2004; Varni et al., 2007). Such disruptions have been 

reported by children themselves and their caregivers to be related to aggregate 

chronic symptoms and decreased function during illness and treatment progression 

as early as the first six months following diagnosis (Tsai et al., 2013). The severity 

of these undesirable outcomes can be effectively reduced in many cases, and 

although these experiences are acknowledged by health care providers, pain and 

psychosocial symptoms are currently under-treated in children with cancer. 

Limitations in fully understanding how the cancer experience impacts children’s 

quality of life and shortfalls in the systematic assessment of symptoms contribute to 

inadequate supportive care (Basch, 2016; McGuire, 2004). Issues with pain and 

psychosocial symptoms can continue as children transition into cancer survivorship, 

indicating that there is no simple or straightforward solution to improving these late 

effects (Alberts et al., 2018; Bitsko et al., 2016; Mory et al., 2010). 

Primary caregivers, including parents, are also impacted by a child’s cancer 

diagnosis and treatment. Caregivers are responsible for much of the management of 

children’s ever-evolving physical and psychosocial needs throughout the cancer 
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experience (Kuster & Merkle, 2004). Modern outpatient treatment protocols for 

cancer and overall healthcare system structure have contributed to higher patient 

survival rates as well as a shift in the management of patient care (e.g., administering 

medication, monitoring symptoms) from the hospital to the home (Hendershot et al., 

2005; Kim et al., 2007). This substantial demand can lead to disproportionate stress 

related to caregiving duties for caregivers of children with cancer compared to 

caregivers of healthy children (G. E. Miller et al., 2002). In cases where this stress 

becomes unmanageable and functionally impairing for caregivers, there are negative 

consequences for children’s coping and adjustment (Kearney et al., 2015). 

For both children with cancer and their caregivers, there are implications for 

immunological health when considering children’s unresolved pain and psychosocial 

symptoms and parent’s unaddressed stress. It is important to examine these 

sequelae in the context of immune health rather than studying the prevalence of pain 

or psychosocial symptoms alone in either children or their caregivers. To this end, 

the present study will apply a chronic stress framework to investigate the 

relationships between children’s cancer-related pain, psychosocial well-being, 

caregiver stress, and salivary biomarkers of inflammation. 

Cancer Diagnosis and Treatment as a Chronic Stressor for Child-Caregiver 

Dyads 

Acute stressors initiate both behavioral and physiological processes, commonly 

known as our “fight-or-flight” response. These processes are referred to as allostasis 

and include activation of the sympathetic nervous system (SNS) and hypothalamic–

pituitary–adrenal (HPA) axis. This activation results in the release of primary 

mediators of our stress response including glucocorticoids, catecholamines, and 
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proteins which all interact as part of a complex network (Juster et al., 2010; 

Tottenham & Sheridan, 2010). As one primary mediator increases or decreases in 

response to acute stress, others will adjust accordingly to maintain homeostasis 

(Juster et al., 2010; McEwen & Wingfield, 2003). In addition to the SNS and HPA axis, 

the parasympathetic nervous system also plays a regulatory role in reducing 

inflammation and cardiovascular response, thus contributing to the negative 

feedback loop intended to regain physiological stability (Irwin & Cole, 2011; Juster 

et al., 2010). 

Allostasis is evolutionarily adaptive as a short-term response – after an acute 

stressor is resolved or otherwise absent, physiological systems should return to 

baseline after activation. However, repeated or chronic activation of the stress 

response can lead to allostatic load in which prolonged release of glucocorticoids, 

catecholamines, and proteins is predictive of several detrimental health outcomes 

including diseases related to gastrointestinal, cardiorespiratory, metabolic, and 

immune systems (Chrousos, 2009; S. Cohen et al., 2007; McEwen, 2008; McEwen & 

Wingfield, 2003). These physiological disruptions can then negatively affect 

psychosocial and physical health across the life span (Juster et al., 2010; Siegel et 

al., 2012). This process is neither a straightforward nor linear pathway, but rather a 

complex cascade which may also be influenced by individual differences and behavior, 

social-ecological environment, and additional physiological factors (McEwen, 2008). 

For the purposes of this dissertation, chronic stress is defined as the process 

by which any stressor leads to a prolonged allostatic response (i.e., allostatic load) 

that places children and their caregivers at risk for poorer psychosocial and immune 

health. In childhood and adolescence, chronic stressors examined frequently in 
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established literature have included extreme experiences such as abuse, neglect, or 

institutionalization, as well as prevalent stressors including exposure to poverty, food 

insecurity, interpersonal and community violence, parental mental illness, racism, 

and discrimination (Shonkoff et al., 2012). 

Although cancer diagnosis in childhood is not a classic example of chronic 

stress used in health and developmental literature, the chronic stress framework is 

useful in examining how children’s illness and treatment experience is related to both 

short- and long-term well-being. The accumulation of psychological, emotional, and 

social factors related to a child’s cancer diagnosis and treatment culminate in what 

can be conceptualized as chronic stress. Analogous to individuals who are unable to 

effectively cope with repeated or prolonged exposure to a stressor in classic chronic 

stress literature, many children with cancer will have unmet psychosocial needs 

throughout their illness and treatment progression. 

Exposure to chronic stress can lead to brain alterations and physiological 

disruptions among children with cancer that impact health and developmental 

outcomes across the lifespan (Johnson et al., 2013; Shonkoff et al., 2012). This 

exposure can be particularly harmful for children because vulnerability to the effects 

of chronic stress is clearly heightened during sensitive and critical periods in early 

childhood and adolescent stages of development (Fox et al., 2010). Understanding 

the physiological pathways which are related to psychosocial well-being in children is 

a crucial step toward promoting health and reducing health inequities among young 

cancer patients under chronic stress (Hertzman & Boyce, 2010; McEwen, 2012). 
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Chronic stress has been implicated for decades in caregivers’ long-term well-

being, including impaired immune functioning (Esterling et al., 1996; Kiecolt-Glaser 

et al., 1996). These trends persist when studying caregivers of children with cancer 

specifically: parents of children with cancer who reported depression and 

posttraumatic stress symptoms exhibited altered cellular profiles of blood leukocytes 

with a lower CD4 to CD8 ratio and increased natural killer (NK) cells compared to 

parents who were not experiencing the same psychosocial symptoms (Benaroya-

Milshtein et al., 2014; Glover et al., 2005). While these trends are well-established, 

they are not often studied longitudinally, warranting a study design with more 

frequent observations of parents’ psychosocial and immune markers for a more 

nuanced understanding of their health. 

In conceptualizing the cancer experience as a chronic stressor, it is worthwhile 

to analyze psychosocial and immune outcomes related to the cancer experience in 

the child-caregiver dyad in tandem. In addition to stress-related shifts in immune 

system functioning,  caregivers’ quality of life can also be impacted by a child’s cancer 

diagnosis and illness for many years (Kim & Carver, 2019).  Children rely significantly 

on their caregivers for support in all domains during their illness progression, and a 

recent meta-analysis supports that distress is significantly associated between 

children with cancer and their parents (Bakula et al., 2019). The current literature 

does not, however, draw connections between physiological or immune health 

between children with cancer and their caregivers. Analyzing dyadic trends in 

psychosocial and immune functioning may further inform how to best intervene and 

support well-being at the family level. 
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The Utility of Salivary Biomarkers 

Integration of biological markers (biomarkers) into research among child-

caregiver dyads is one approach that may help to further investigate the pathways 

that link chronic stress exposure and lifelong health for families. Examples of prior 

research implementing biomarkers among caregivers mentioned in the previous 

section (Benaroya-Milshtein et al., 2014; Esterling et al., 1996; Glover et al., 2005; 

Kiecolt-Glaser et al., 1996) indicate that there is great potential for the inclusion of 

biomarkers in studies of child-caregiver dyadic functioning. 

Biomarkers are objective and measurable indicators of biological processes 

(Condon, 2018; Granger et al., 2007, 2012). Researchers use biomarkers to evaluate 

normal biological processes and biological responses to interventions, or as 

surrogates for clinical end-points to assist with diagnosis and monitoring of disease 

(FDA-NIH Biomarker Working Group, 2016). 

In pediatric research, salivary biomarkers are especially promising as a 

minimally-invasive measurement of underlying pathology and processes associated 

with the chronic stress of cancer in childhood and adolescence (Condon, 2018; 

Granger et al., 2012; Riis et al., 2015). Another benefit of salivary sampling is that 

it can be conducted with no specialized expertise, such that caregivers may collect 

samples from themselves and assist children in sample collections. Saliva sampling 

can be completed in ecologically valid settings such as a family’s home or in the 

hospital during an inpatient stay. 

While many biomarkers measured in serum can also be measured in saliva, 

there is a dearth of research which implements salivary sampling methods among 
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children with cancer. Many examples of research which include salivary biomarkers 

are studies of adults, including adult survivors of cancer. Based on the current 

literature, salivary biomarkers of inflammation (henceforth, salivary biomarkers) are 

most relevant in investigating child and caregiver immune health and immune 

responses. 

Oral and Systemic Inflammatory Biomarkers 

For children diagnosed with cancer, the disease itself poses a risk for 

dysregulated immune response, specifically chronic systemic inflammation (Powell et 

al., 2013; Zhang et al., 2020). For caregivers of individuals with cancer, chronic 

psychological stress is associated with altered (i.e., increased) inflammatory 

biomarkers measured in serum (G. E. Miller et al., 2014; Park et al., 2018). The 

inflammatory response is a key component of our innate immunity triggered to 

destroy invasive bodies and to repair damaged tissue. Although this defense 

mechanism is beneficial and adaptive in general, a poorly regulated inflammatory 

response can result in an array of negative health outcomes, especially in cancer 

patients as inflammation can contribute directly to disease progression (Morgenstern 

& Anderson, 2012). 

A number of factors increase the likelihood that cancer patients will experience 

heightened activation of the innate immune response, including surgery, 

chemotherapy, and radiation, which are all associated with significant damage and 

destruction of tissue (A. H. Miller et al., 2008). Evidence also suggests that children 

with acute lymphoblastic leukemia (ALL), the most common type of childhood cancer, 
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exhibit an immune profile that predisposes them to a dysregulated inflammatory 

response from birth (Chang et al., 2011). 

Pro-Inflammatory Cytokines as Salivary Biomarkers of Oral 

Inflammation. Cytokines are a diverse group of molecules that serve as the primary 

messengers of the immune system (McEwen, 2003). Cytokines are produced locally 

by immune cells as well as by other organs including the brain and liver (McEwen, 

2003). These molecules have multiple mechanisms of action and are influenced by 

stress-related activity in the SNS and HPA axis. Cytokines also act as part of a 

negative feedback loop between the immune and central nervous systems: Release 

of norepinephrine in response to acute stress results in an increase in inflammatory 

cytokines, which in turn stimulates the HPA axis to release cortisol and inhibit 

inflammatory cytokine production. However, dysregulation of this feedback loop due 

to chronic stress over time can result in chronic inflammation and insufficient immune 

functioning (Riis et al., 2015). 

Pro-inflammatory cytokines initiate inflammation and are activated in response 

to stressors or pathogens. They include interleukins, tumor necrosis factors, 

fibroblast growth factors, and interferons. Inflammatory cytokines can be detected in 

serum or saliva, and the development of multiplex immunoassays has allowed for 

rapid detection of multiple cytokines in a single sample (Vignali, 2000). To date, most 

research in children and caregivers alike have focused on analysis of single cytokines 

in either serum or saliva, primarily pro-inflammatory cytokines such as interleukin 6 

(IL-6), interleukin-1 beta (IL-1β), and tumor necrosis factor alpha (TNF-α). Serum 

levels of pro-inflammatory cytokines IL-6, IL-1β, and TNF-α are highly correlated with 
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each other in samples of both healthy children and healthy adults due to the shared 

mechanisms by which they initiate and regulate inflammation (Irwin & Cole, 2011). 

Salivary cytokine levels represent a combination of serum cytokines which 

enter saliva from general circulation, cytokines from lymphoid cells, and cytokines 

from the local oral immune environment (Riis, Byrne, et al., 2020). Associations 

between cytokine levels in serum and saliva can thus differ between biomarkers. As 

salivary cytokine levels have been associated with indicators of oral inflammation 

such as loose teeth, bleeding gums, or untreated cavities, it is important to note that 

salivary cytokine levels largely reflect oral immune activity rather than systemic 

immune activity (Riis et al., 2015).  

Acute Phase Protein CRP as a Salivary Biomarker of Systemic 

Inflammation. C-reactive protein (CRP) is an acute phase protein widely considered 

to be an important nonspecific marker of inflammation when measured in serum 

(Pepys & Hirschfield, 2003; Sproston & Ashworth, 2018). CRP synthesis, which 

primarily occurs in the liver, is stimulated by inflammatory cytokines (primarily IL-6) 

and can be altered by glucocorticoid levels (Pepys & Hirschfield, 2003; Sproston & 

Ashworth, 2018). 

Salivary CRP has been found to have medium-to-strong correlations with 

serum CRP and is commonly utilized in research as a salivary biomarker of systemic 

inflammation (Ouellet-Morin et al., 2011; Out et al., 2013; Riis, Byrne, et al., 2020). 
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Inflammation and Psychosocial Outcomes Among Children with Cancer 

There are studies which provide evidence of a link between inflammatory 

biomarkers and psychosocial symptoms among adults with cancer, however this 

association is under-studied among children with cancer. 

Adult female survivors of childhood ALL with higher levels of serum 

inflammatory biomarkers IL-6 and IL-1β have been observed to demonstrate poorer 

executive function and behavioral symptoms including inattention and aggression as 

compared to survivors with typical levels of these biomarkers (Cheung et al., 2017). 

There is also evidence of high serum inflammatory biomarker levels serving as a risk 

factor for depressive symptomology in adult colorectal cancer patients – the 

interaction of proinflammatory cytokines with central nervous system pathways 

which regulate behavior may explain this connection (Archer et al., 2012; A. H. Miller 

et al., 2008).  

Research to date has not determined if similar associations between 

inflammatory biomarkers and psychosocial outcomes exist among children and 

adolescents in general, let alone among children and adolescents with cancer. 

Measuring these biomarkers in saliva provides a minimally invasive option for 

studying trends.  

Inflammation and Pain Among Children with Cancer 

High levels of inflammation, particularly chronic systemic inflammation which 

lasts for months or even years, has been linked to fatigue, pain, and poorer prognosis 

in adult cancer patients (Aggarwal & Gehlot, 2009; Archer et al., 2012; Bower, 2007; 

Bower et al., 2009; Munn, 2017; Pierce et al., 2009). Furthermore, evidence 
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highlights a relationship between chronic systemic inflammation and poorer physical 

functioning for adult cancer survivors, which includes the endorsement of acute or 

chronic pain (Bower, 2007; Collado-Hidalgo et al., 2006; Crosswell et al., 2014; Orre 

et al., 2011). These links have been drawn mainly using serum and plasma levels of 

biomarkers such as CRP, rather than salivary biomarkers. There is an overall dearth 

of literature examining pain in relation to biomarkers of inflammation among 

populations diagnosed with cancer, let alone children and adolescents specifically. 

Utilizing salivary inflammatory biomarkers rather than serum in pain research 

among children with cancer provides the advantage of a minimally invasive and, in 

most cases, painless method of biospecimen collection. 

Potential Impacts of Psychosocial Interventions for Children on Child-

Caregiver Dyad Outcomes 

It is important to recognize that children with cancer do not experience pain, 

psychosocial symptoms, and inflammation as independent events. Given that more 

frequent and severe endorsement of pain and psychosocial symptoms among adults 

has been associated with elevated serum and salivary inflammatory biomarkers, it 

may be worth investigating whether this trend is similar for children. 

Recent studies have examined the efficacy of stress-reduction interventions on 

salivary markers of inflammation among adults. One study of young women with 

depressive symptomatology found that participation in a 4-week mindfulness-based 

stress reduction intervention was associated with reduced levels of salivary IL-6 and 

salivary TNF-α, with changes in salivary IL-6 sustained at 3-months post-intervention 

(Walsh et al., 2016). Another study of adult breast cancer survivors similarly found 
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that participation in a 6-week mindfulness-based stress reduction intervention was 

associated with a significant reduction in salivary IL-6 (Lengacher et al., 2019). 

However, whether similar salivary biomarker trends would be observed in children 

with cancer who participate in a stress-reduction intervention are so far unclear, as 

this methodology has not been applied to the pediatric population. 

It is also not entirely known how changes in children’s outcomes – pain, 

psychosocial, or salivary inflammatory biomarkers – as the result of a psychosocial 

intervention may be related to caregiver’s well-being, including stress and salivary 

biomarkers of inflammation. A positive relationship has been observed between levels 

of child and caregiver distress in pediatric cancer studies, and preliminary evidence 

suggests that successful supportive care interventions for children can ameliorate 

distress among both children and their caregivers (i.e., through the development and 

practice of problem-solving or coping skills) (Robb & Hanson-Abromeit, 2014). One 

study has explored reciprocal effects of child-caregiver experiences of adversity 

(including traumatic events) and salivary inflammation in the dyad, but this study did 

not investigate the impact of a psychosocial intervention on these outcomes 

(Huffhines et al., 2021). 

The present study: Innovation and Specific Aims 

Research among adult cancer survivors indicates that psychosocial 

interventions have the potential to affect long-term positive change in immune 

functioning (Antoni, 2013), however no research to our knowledge has specifically 

measured salivary biomarkers of inflammation among children with cancer enrolled 

in a psychosocial intervention. Furthermore, no research has been conducted in either 

adults or children with cancer to assess the association between use of a mobile 
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health (mHealth) symptom management intervention and salivary biomarkers of 

inflammation.  

The following gaps exist regarding salivary inflammatory biomarkers in the 

pediatric oncology literature: 1) Measuring levels of salivary inflammatory biomarkers 

among children with cancer participating in an mHealth intervention and their 

caregivers and 2) Characterizing the relationship between salivary biomarkers and 

both cancer pain and negative psychosocial symptoms during treatment among 

children and their caregivers.  

Thus, the present study implements the measurement of salivary inflammatory 

biomarkers into an ongoing randomized control trial (RCT) of a web-based pain and 

symptom management intervention for children with cancer: Pain Buddy. Pain Buddy 

is an interactive application designed to aid in pain management for children 

undergoing cancer treatment (Fortier et al., 2016; Hunter et al., 2020). Key aspects 

of Pain Buddy include daily pain and symptom diaries completed by children, remote 

monitoring of symptoms by uploading self-reported patient data via Internet to a 

cloud server, cognitive and behavioral skills training, interactive three-dimensional 

avatars that guide children through the program, and an incentive system to motivate 

engagement. In the comfort of their own home, children can learn evidence-based 

pain management and psychosocial coping skills by utilizing the application. 

The ongoing Pain Buddy RCT provides a timely opportunity to collect and 

analyze salivary inflammatory biomarkers with respect to intervention components 

designed to reduce children’s pain and psychosocial symptoms including depression 
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and anxiety. The present study also offers a unique perspective by observing 

caregivers’ stress and inflammatory biomarkers in tandem with children. 

In addition to the novel research direction, the measurement of inflammatory 

biomarkers via saliva sampling in the present study is a novel methodological 

approach for this sample. The present study aims to accomplish the following: 

Aim 1: Measure salivary inflammatory biomarker concentrations in children 

undergoing treatment for cancer and their primary caregivers. 

Hypothesis 1: Salivary inflammatory biomarkers will be positively 

intercorrelated at baseline among children undergoing treatment for cancer. 

Hypothesis 2: Salivary inflammatory biomarkers will also be positively 

intercorrelated among primary caregivers at baseline. 

First, it is important to assess the presence and concentrations of salivary 

inflammatory biomarkers in children with cancer and their caregivers. Children with 

cancer undergo painful medical procedures throughout their treatment including 

chemotherapy, radiation therapy, blood draws, port implants, lumbar punctures, and 

surgery. Utilizing salivary biomarkers for research among this population of children 

provides a minimally invasive and minimally painful option for examining immune 

processes. For caregivers of these children, collecting and storing saliva samples for 

research requires minimal time and effort – sample collection can be done in the 

home, for example, rather than coordinating a visit to a clinic or hospital for a blood 

draw. 
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Furthermore, highly intercorrelated concentrations of salivary biomarkers of 

oral inflammation (e.g., IL-1β, IL-6, TNF-α) among children and their caregivers 

might suggest that even fewer biomarkers may be sufficient in indexing oral 

inflammation for this group. In follow-up studies, smaller sample volumes can be 

collected to reduce participant burden. 

There is neither an established normal range nor expected baseline 

concentration for salivary inflammatory biomarkers in chronically ill children or 

children with cancer more specifically. In healthy children, inflammatory biomarkers 

measured in saliva are positively intercorrelated, reflective of shared regulatory 

mechanisms (Riis et al., 2014, 2015). 

Aim 2: Determine how salivary inflammatory biomarker concentrations are 

related to pain and patient- and caregiver-reported psychosocial outcomes. 

Hypothesis 3: Higher concentrations of salivary inflammatory biomarkers will 

be positively associated with higher reported pain among children with cancer. 

Hypothesis 4: Higher concentrations of salivary inflammatory biomarkers will 

be positively associated with poorer psychosocial outcomes among children with 

cancer, specifically more depression and anxiety symptoms. 

Hypothesis 5: Caregivers who report higher perceived stress will have higher 

levels of salivary biomarkers of inflammation. 

Associations between salivary inflammatory biomarkers and pain and 

psychosocial outcomes among children with cancer have not been investigated to 

date. Research in adult cancer survivors suggests a positive association between 
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systemic inflammation and cancer-related symptoms including fatigue – this is 

consistent with literature demonstrating an increase in sickness behaviors when the 

feedback loop between the immune system and central nervous system is 

dysregulated. Similar patterns, if found in children with cancer, can inform strategies 

for improving immune, physical, and psychosocial health. 

For caregivers, there is a strong basis for the stress-inflammation link, 

specifically among caregivers of children with cancer, though studies to date have 

often used serum inflammatory biomarkers rather than saliva (Agbayani et al., 2022). 

Aim 3: Investigate the impact of the Pain Buddy intervention on salivary 

biomarkers of inflammation. 

Hypothesis 6: Children with cancer who learn and practice cognitive and 

behavioral coping skills through the Pain Buddy application (i.e., the intervention 

group) will have lower average salivary inflammatory biomarker concentrations at T2 

and T3 than children who do not receive the same coping skills training (i.e., the 

attention-control group). 

Hypothesis 7: Caregivers whose children are in the intervention group will 

also have lower average salivary inflammatory biomarker concentrations at T2 and 

T3 as compared to caregivers whose children are in the attention-control group. 

As mentioned in the literature review, interventions designed to improve 

psychosocial outcomes in adults have shown promise in reducing levels of salivary 

inflammatory biomarkers, suggesting a potential non-invasive and non-

pharmacological avenue for improving immune functioning. However, no research 

has been conducted to measure the levels of salivary inflammatory biomarkers 
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among children with cancer participating in an mHealth intervention; nor have there 

been studies to investigate how such an intervention designed for children might 

impact caregiver outcomes. The present study will utilize an established mHealth 

intervention to begin bridging these gaps in the literature. 

Aim 4: Explore participant factors that may be associated with salivary 

biomarkers of inflammation. 

 Several factors which may also be associated with salivary biomarkers of 

inflammation will be explored. Factors to be explored include type of cancer diagnosis 

and primary language spoken at home. 

Method 

Participants 

The present study was implemented as part an ongoing large-scale RCT to 

determine if Pain Buddy, a multicomponent mHealth intervention for cancer-related 

pain and symptom management, is more effective than an attention-control in 

reducing pain severity among children ages 8 to 18 years old undergoing outpatient 

cancer treatment (see Hunter et al., 2020 for a report of the preliminary efficacy of 

Pain Buddy). All participants consisted of child-caregiver dyads recruited from 

Children’s Hospital of Orange County (CHOC) in Orange, California. 

A total of 22 child-caregiver dyads who were recruited to the ongoing Pain 

Buddy RCT between June 2021 and January 2023 participated in the present study. 

Using the Pain Buddy RCT inclusion criteria, children recruited for the present study 

were between the ages of 8 and 18 years and were within 16 weeks of a first-time 

cancer diagnosis. As such, children were currently undergoing outpatient treatment 
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for cancer at the time of enrollment. Children who can speak, read, and write in 

English and whose primary caregiver can speak, read, and write in either English or 

Spanish were eligible for enrollment. Child-caregiver dyads needed internet access 

at home to use the Pain Buddy intervention on their mobile devices. Children were 

excluded if they had a cognitive or developmental delay that would prevent them 

from using Pain Buddy program. Children diagnosed with acute promyelocytic 

leukemia (APL) were also excluded as the treatment protocols for APL are largely 

inpatient, precluding use of the Pain Buddy intervention. 

Procedures 

The CHOC Institutional Review Board approved the present study protocol. 

Caregivers provided electronic informed consent and HIPAA authorization for both 

the ongoing Pain Buddy RCT and for the present study via Research Electronic Data 

Capture (REDCap) – this gave families the option to participate in the Pain Buddy 

RCT without participating in the present study, which required at-home saliva sample 

collections. Participant dyads were randomized to the Pain Buddy intervention or 

attention-control group using a blocked randomization scheme stratified by age group. 

Participants were randomized at a 1:1 ratio with equal numbers randomized to the 

intervention and attention-control groups. 

Children in the Pain Buddy intervention group continued to receive standard of 

care for cancer- and treatment-related pain and symptoms, which may include 

medications, medical visits, and physical interventions. Participants in this condition 

were taught cognitive and behavioral coping skills (i.e., deep breathing, imagery, 

relaxation) to deal with pain and symptoms. The skills were taught remotely through 

the Pain Buddy application. Pain and symptom information, reported daily by children 
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in the Pain Buddy application, was sent to a designated health care provider on the 

oncology treatment team. This health care provider contacted participants when 

certain symptom thresholds were triggered and instructed participants on best ways 

to control pain and symptoms. 

Children in the Pain Buddy attention-control group also continued to receive 

standard of care for cancer- and treatment-related pain and symptoms. Participants 

in this condition completed the same data collection through Pain Buddy as 

intervention group participants but did not receive skills training through the 

application or engage in the same live symptom monitoring with tailored response 

from a designated health care provider. However, participants who were part of the 

attention-control group were still able to contact the CHOC Hyundai Cancer Institute 

or physician on call to discuss any matters of pain or illness in a timely fashion, as is 

standard of care. 

Throughout the study period, pain and symptom assessments were 

administered through the Pain Buddy application twice daily for all participants. Child-

caregiver dyads also received instructions and materials to collect saliva at home for 

3 consecutive days at key study timepoints: baseline, 8 weeks (T2; the end of the 

intervention period), and at a 6-month follow-up (T3). Saliva collection materials 

included a soft-sided cooler bag containing labelled cryogenic vials for both child and 

caregiver samples, optional saliva collection aids (sterile plastic straws), and a 

reusable ice pack. 

Participant dyads completed study questionnaires assessing child and 

caregiver psychosocial outcomes at baseline, T2, and T3 via REDCap. A survey 
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collecting demographic information was completed by caregivers via REDCap at 

baseline only, and any relevant information for children that could be obtained from 

medical records (e.g., body mass index, medication information) was abstracted by 

the research team throughout the study. 

Measures 

The measurement strategy for the present study is detailed in Table 1. All 

study measures except for the oral health and medication use questionnaire and 

saliva samples/salivary biomarkers of inflammation are part of the ongoing Pain 

Buddy RCT. 

Table 1. Study measurement strategy. 

Outcome/Construct: Measure/Parameter: Assessment Points 

Child 

Oral health Oral health questionnaire Baseline, T2 and T3 

Inflammation Salivary CRP, IL-1β, IL-6, and 

TNF-α 

Baseline, T2 and T3  

Anxiety and 

depression 

Revised Child Anxiety and 

Depression Scale (RCADS) 

Baseline, T2 and T3  

Pain Pediatric Quality of Life-

Cancer Module (PedsQL 

Cancer) 

Baseline, T2 and T3 

Caregiver 

Demographic data Demographic questionnaire Baseline 

Oral health Oral health questionnaire Baseline, T2 and T3 

Inflammation Salivary CRP, IL-1β, IL-6, and 

TNF-α 

Baseline, T2 and T3  

Child’s pain MSAS Baseline, T2 

Child’s anxiety and 

depression 

RCADS Baseline, T2 and T3  

Child’s pain PedsQL Baseline, T2 and T3  

Perceived stress Perceived Stress Scale (PSS) Baseline, T2 and T3 

Research Team 
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Demographic data, 

child body mass index 

Medical record abstraction Baseline, T2 and T3 

 

Demographic data (caregiver report and research team medical 

abstraction). Baseline demographic questionnaires completed by caregivers 

collected information about sex, race/ethnicity, highest level of education, age, and 

income for participants. Children’s body mass index (BMI) percentile was abstracted 

from electronic medical records of an appointment within ten days of each saliva 

collection date unless children did not have an appointment, or caregivers did not 

report the exact sampling date. 

Memorial Symptom Assessment Scale (MSAS) 7-12 (caregiver proxy 

report). This 8-symptom instrument evaluates whether the child experienced a 

particular symptom since the prior assessment (Collins et al., 2000, 2002). 

Caregivers completed a proxy version of the MSAS at baseline and T2 using REDCap. 

If the caregiver said “yes” to their child having experienced any of the symptoms, 

then the caregiver was prompted to describe the frequency (i.e., a very short time, 

a medium amount, or a lot), severity (i.e., a little, a medium amount, or a lot), and 

distress (i.e., not at all, a little, a medium amount, or very much) experienced due 

to the symptom. For the purposes of this dissertation, only reports from the “pain” 

item from the caregiver proxy version will be used in analyses to quantify caregivers’ 

report of children’s pain. 

Memorial Symptom Assessment Scale (MSAS) 10-18 (caregiver proxy 

report). This 30-symptom instrument evaluates whether the child experienced a 

particular symptom (Collins et al., 2000, 2002). Caregivers completed a proxy 

version of the MSAS 10-18 at baseline and T2 using REDCap. If the caregiver said 
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“yes” to their child having experienced any of the symptoms, then the caregiver was 

prompted to describe the frequency, severity, and distress experienced due to the 

symptom. The MSAS 10-18 is comprised of 3 subscales: psychological (i.e., “difficulty 

concentrating or paying attention”), physical (i.e., “pain”) and general distress index 

(GDI; i.e., “how much did [the symptom] bother your child?”). For the purposes of 

this dissertation, only reports from the “pain” item from the caregiver proxy version 

will be used in analyses to quantify caregivers’ report of children’s pain. 

The Revised Child Anxiety and Depression Scale (RCADS) (child self-

report and caregiver proxy report). RCADS contains a 10-item major depressive 

disorder subscale and a 5-item generalized anxiety disorder subscale (Chorpita et al., 

2000). There are both child self-report and caregiver-report versions. t-scores are 

calculated based on child’s gender and grade in school. Completed at baseline, T2, 

and T3 using REDCap. 

Pediatric Quality of Life-Cancer Module (PedsQL Cancer) (child self-

report and caregiver proxy report). The PedsQL Cancer Module is administered 

along with the generic core scale in order to get a better understanding of a child’s 

health related quality of life (HRQOL) due to cancer (Varni et al., 2002). This 27-item 

multidimensional scale encompasses eight categories: pain & hurt, nausea, 

procedural anxiety, treatment anxiety, cognitive problems, perceived physical 

appearance and communication. This measure is scored on a 5-point Likert scale with 

0 being “never” to 4 being “almost always” on items such as “I worry that my cancer 

will come back or relapse.” and “It is hard for me to tell the doctors and nurses how 

I feel.” Higher scores on the scale suggest better HRQOL related to cancer. For the 

present study, the two-item pain composite score will be utilized. There are both child 
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self-report and caregiver-report versions completed at baseline, T2, and T3 using 

REDCap. 

Perceived Stress Scale (PSS) (caregiver self-report). The PSS is a 

widely-used 14-item self-report measure of perceived stress (S. Cohen et al., 1983). 

Caregivers were asked to rate statements such as "In the past month, how often 

have you been upset because of something that happened unexpectedly?" and "In 

the past month how often have you felt that things were going your way?" Caregivers 

rated the items on a 5-point Likert-type scale with higher scores reflecting greater 

perceived stress. Seven items are reverse-scored and items are summed to obtain 

the final score. Completed at baseline, T2, and T3 using REDCap. 

Collection, Storage, and Assay of Saliva 

Salivary CRP, IL-1β, IL-6, and TNF-α can be reliably measured using highly 

sensitive enzyme immunoassays utilizing “whole saliva” collected with an 

unstimulated passive drool method (Riis, Ahmadi, et al., 2020; Slavish et al., 2015). 

As salivary cytokines are strongly influenced by the oral immune environment, it is 

important to statistically control for poor oral health in all analyses (Riis et al., 2014, 

2015). Information regarding oral health was collected from child-caregiver dyads, 

including the presence of any open cuts or sores in the mouth, untreated cavities, or 

sensitive/bleeding gums. Saliva samples were also assayed for blood leakage into 

saliva (transferrin) due to the potential of blood contamination influencing accurate 

detection of salivary inflammatory biomarker levels (Riis, Ahmadi, et al., 2020; Riis, 

Byrne, et al., 2020). 
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Another consideration for sample quality is the standardization of sample 

collection times; participants were instructed to collect samples at the same time of 

day for each sampling event, ideally in the afternoon, to control for independent 

diurnal rhythms observed in salivary cytokines (Chiappelli et al., 2006). While 

sampling times varied between participant dyads to accommodate individual or family 

schedules, the research team encouraged dyads to keep sampling times consistent 

as possible across baseline, T2, and T3 samples (e.g., kept at 12:00PM for all three 

timepoints, or kept at 5:00PM for all three timepoints). 

Children with cancer are already predisposed to factors which increase the 

likelihood that they will experience heightened activation of the innate immune 

response, and thus possible elevations in inflammatory biomarkers (i.e., immune 

profile, procedures including surgery, chemotherapy, radiation; Miller et al., 2008, 

Chang et al., 2011). In order to minimize the influence of cancer treatment-related 

factors on the measurement of basal salivary biomarker levels for children 

recruited, saliva samples were scheduled (when possible) on days when children 

were not having labs completed, receiving chemotherapy, or otherwise having their 

port device accessed as this may contribute to heightened inflammation (Liaw et 

al., 2008). To this end, analyses for the present study take into consideration 

patient medical records and comprehensive notes regarding medication use 

including asthma medication, corticosteroids, non-steroidal anti-inflammatory drugs 

(NSAIDS), and other medications which may influence detectable biomarker levels.  

Participants were instructed to avoid eating or brushing their teeth for one 

hour prior to each sample collection. Participants were to rinse their mouths 

thoroughly with water before a sample was collected, and they washed their hands 
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for 20 seconds immediately prior to collecting the sample. Anyone assisting with the 

collection (e.g., other family members) also practiced the same hand hygiene. 

Participants were instructed to passively drool into a collection vial either with or 

without a collection aid for up to two minutes or until 2.0 milliliters (mL) of fluid were 

collected. Samples were always immediately capped and sealed before being placed 

in a secondary container such as a sealed plastic bag. Participants and anyone 

assisting with sample collection once again washed hands for at least 20 seconds 

after collecting the saliva sample. Participants immediately placed samples into their 

freezer at home until bringing them to their next appointment at CHOC, where the 

research team coordinated pick-up and storage in the on-site -20°C freezer. Saliva 

samples were transported from CHOC to the UCI Institute for Interdisciplinary 

Salivary Bioscience Research (IISBR) for assay. 

Salivary CRP and salivary cytokines (IL-1β, IL-6, and TNF-α) were assayed in 

duplicate using a commercially available, V-plex pro-inflammatory cytokine panel 

using the Meso Scale Discovery (MSD)® Multi-Spot Assay system (MSD® 

www.mesocale.com). Assays were run following the manufacturer’s recommended 

protocol without modification. Detection antibodies are coupled to SULFOTAG™ labels 

that emit light when electrochemically stimulated via carbon-coated electrodes in the 

bottom each microwell. Salivary CRP and salivary cytokine concentrations (pg/mL) 

were determined with MSD Discovery Workbench Software (v. 4.0) using curve fit 

models (4-PL with a weighting function option of 1/y2). 

For salivary CRP, samples were diluted 5-fold in MSD® Assay Diluent 101 prior 

to adding to the coated plate with a test volume of 5 µL. The mean intra- and inter-

assay coefficients of variation (CVs) for salivary CRP were within the acceptable range 
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at 3.6% and 5.1%, respectively. The assay sensitivity range for salivary CRP was 

9.40 pg/mL – 38600 pg/mL. 

For salivary cytokines, samples were diluted 2-fold in MSD® Assay Diluent 2 

prior to adding to the coated plate with a test volume of 25 µL. Intra- and inter-assay 

CVs and assay sensitivity ranges were as follows: salivary IL-1β (2%, 6%, 0.31 

pg/mL – 1288 pg/mL), salivary IL-6 (6.1%, 6.7%, 0.35 pg/mL – 1440 pg/mL), and 

salivary TNF-α (13.1%, 8.1%, 0.18 pg/mL – 724 pg/mL). All CVs were within the 

acceptable ranges except for the intra-assay CV for salivary TNF-α. 

Compensation 

All participant dyads received a $50 gift card at each time point for completing 

study questionnaires (baseline, T2, T3). Dyads were compensated with an additional 

$5 gift card for each completed saliva sample (three samples assigned at each study 

timepoint). 

In addition to baseline, T2, and T3 compensation, children in both the control 

and intervention groups were compensated $5 per week in the form of a gift card for 

completing at least 10 out of 14 daily diaries per week in the Pain Buddy app. 

Participants earned up to $40 in the form of a gift card for completing at least 10 

diaries per week for the 8-week diary portion of the study. Participants in the 

intervention condition earned an additional $25 gift card for completing at least 40 

CBT exercises throughout the 8-week study period (5 exercises per week). 

Dyads in the attention-control group could be compensated up to $280 in the 

form of a gift card for completion of all the parts of the study: Diary, baseline, T2 and 

T3 measures, and 18 saliva samples between child and caregiver. Participants in the 
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intervention group could be compensated up to $305 in the form of a gift card for 

completion of all parts of the study: Diary, CBT exercises (intervention), baseline, T2 

and T3 measures, and 18 saliva samples between child and caregiver. 

Data Analytic Plan 

Preliminary data processing and sensitivity analyses 

Prior to main analyses, raw concentrations of salivary CRP and salivary 

cytokines were examined. The present study considered 259 individual saliva 

samples donated by participant dyads: 127 from children and 132 from caregivers. 

Saliva samples with a transferrin concentration of 1 mg/dL or higher were excluded 

from final analyses (ntransferrin = 65, 25% of the total samples assayed, 38 of which 

were samples from children). Salivary CRP and salivary cytokine concentrations were 

also examined for values which fell above or below the MSD assay calibration curve 

range or fell outside of the limits of quantification for the assay. The values of 

biomarker concentrations which were detectable but fell below the assay calibration 

curve range were replaced by half the lowest level of sensitivity for the relevant 

biomarker (pg/mL). For salivary CRP, one sample’s value was replaced with 4.7 

pg/mL; for salivary IL-6, two samples’ values were replaced with 0.175 pg/mL; and 

for salivary TNF-α, six samples’ values were replaced with 0.09 pg/mL. Additional 

samples which fell outside of the assay limits of quantification were excluded from 

final analyses (nCRP = 8; nIL-1β = 10; nIL-6 = 11; nTNF-α = 6). 

At each of the three study timepoints, participant dyads were asked to collect 

saliva samples for three consecutive days, thus a summary metric (composite score) 

for salivary CRP and salivary cytokines at each timepoint was created for use in 
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statistical models with pain and psychosocial variables. Salivary CRP composite 

scores were derived for children and caregivers at each timepoint by averaging raw 

salivary CRP values from participants’ three subsequent days of sampling. Salivary 

CRP composite scores showed generally moderate to high levels of internal 

consistency (Cronbach’s α range 0.49 – 0.94) except for caregivers’ T2 salivary CRP 

composite score with a Cronbach’s α of 0.10 indicating low reliability. Salivary 

cytokine composite scores were derived by averaging the z-scores of salivary IL-1β, 

IL-6, and TNF-α levels from participants’ three subsequent days of sampling. Each 

salivary cytokine composite score showed moderate to high levels of internal 

consistency (Cronbach’s α range 0.62 – 0.92). 

Preliminary analyses were conducted to examine study group differences in 

participant demographic characteristics. Independent samples t-tests were used to 

compare differences in normally distributed continuous variables (age, income) and 

Mann-Whitney U tests were used to compare differences in BMI, a skewed continuous 

variable. Chi-squared analyses were used to compare differences in categorical 

variables (sex, race/ethnicity, primary language spoken at home, caregiver education 

level, and child’s diagnosis). 

Main analyses 

Statistical analyses were conducted in IBM SPSS Statistics Version 29.0.0. 

Aim 1: Measure salivary inflammatory biomarker concentrations in 

children undergoing treatment for cancer and their primary caregivers. 

 Hypothesis 1: Salivary inflammatory biomarkers will be positively 

intercorrelated at baseline among children undergoing treatment for cancer; 
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Hypothesis 2: Salivary inflammatory biomarkers will also be positively 

intercorrelated among primary caregivers at baseline. Intercorrelations among 

individual salivary biomarkers at baseline were examined using Spearman’s 

correlations. 

Aim 2: Determine how salivary inflammatory biomarker 

concentrations are related to pain and patient- and caregiver-reported 

psychosocial outcomes. 

Hypothesis 3: Higher concentrations of salivary inflammatory 

biomarkers will be positively associated with higher reported pain among 

children with cancer.; Hypothesis 4: Higher concentrations of salivary 

inflammatory biomarkers will be positively associated with poorer 

psychosocial outcomes among children with cancer, specifically more 

depression and anxiety symptoms. Separate linear regression models were run 

with each salivary biomarker (CRP, cytokine) at T2 or T3 as an outcome predicted by 

each pain and psychosocial symptom at the previous timepoint. For example, analyte 

concentrations at T2 were predicted by pain and psychosocial symptoms reported at 

baseline. Pain was measured via caregiver proxy on the MSAS, with higher scores 

denoting higher pain experienced by the child for whom the report was for. Pain was 

also measured via a two-item measure comprising the “pain and hurt” domain within 

the PedsQL Cancer Module, which had a self-report version for children and caregiver 

proxy. Depression and anxiety were measured using the RCADS, which had a self-

report version for children and a caregiver proxy. 
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Hypothesis 5: Caregivers who report higher perceived stress will have 

higher levels of salivary biomarkers of inflammation. Linear regression models 

utilized each analyte at T2 and T3 as an outcome predicted by caregiver perceived 

stress at the previous timepoint as measured on the PSS. A manual backward 

stepwise deletion approach was applied to the selection of covariates to assess 

whether any conceptually relevant covariates (e.g., BMI, age, annual family income) 

significantly altered findings. 

Aim 3: Investigate the impact of the Pain Buddy intervention on 

salivary biomarkers of inflammation. 

Hypothesis 6: Children with cancer who learn and practice cognitive 

and behavioral coping skills through the Pain Buddy application (i.e., the 

intervention group) will have lower average salivary inflammatory 

biomarker concentrations at T2 and T3 than children who do not receive the 

same coping skills training (i.e., the attention-control group).; Hypothesis 

7: Caregivers whose children are in the intervention group will also have 

lower average salivary inflammatory biomarker concentrations at T2 and T3 

as compared to caregivers whose children are in the attention-control group. 

Independent-samples t-tests were used to compare differences between study 

groups on salivary CRP and salivary cytokine composite scores at T2 and T3 for 

children and caregivers. 

Aim 4: Explore participant factors that may be associated with salivary 

biomarkers of inflammation. 
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 As the present study is one of the first in its inclusion of caregiver-child dyads 

(versus individual participants) and measurement of salivary inflammatory 

biomarkers, the expected relationships among salivary biomarkers and participant 

outcomes is unclear. Several factors which may be associated with salivary 

biomarkers of inflammation beyond the above hypotheses will be explored using 

correlations. Factors to be explored include type of cancer diagnosis and primary 

language spoken at home. 

Results 

Descriptives and preliminary analyses 

Children recruited for the present study were 8 to 17 years old (M = 11.59, SD 

= 2.92) and most children were male (59%). Caregivers recruited for the present 

study were 30 to 57 years old (M = 42.43, SD = 7.92) and most caregivers in the 

study were mothers (59%). In addition to thirteen mothers and thirteen fathers, the 

present sample included one dyad with an aunt as primary caregiver and one dyad 

with a grandmother as primary caregiver. 

Average household income for families recruited to the present study was 

$75,682 (SD = 49032.75). Most dyads recruited for the present study identified as 

Hispanic, Latino/a/x, or Chicano/a (over 72% of the study sample, or sixteen dyads). 

For the eight dyads who indicated that Spanish was their primary language spoken 

at home, all recruitment and study communication was done in Spanish. All study 

materials (questionnaires, saliva sampling instructions) were also available in 

Spanish. 
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There were no statistically significant differences observed in demographic 

characteristics between individuals assigned to the Pain Buddy intervention group 

and individuals assigned to the attention-control group, as seen in Table 2 below. 

Table 2. Study sample (N=22 dyads) characteristics of Pain Buddy intervention 
group participants and attention-control group participants. 

Demographic 

Characteristic 

Pain Buddy 

Intervention 

Group, n=14 
dyads 

Attention-

Control 

Group, n=8 
dyads 

T/𝝌2/u p Missing 

n (%) 

Child sexa   .51 .66 0 (0) 

Male 9 (40.91) 4 (18.18)    

Female 5 (22.73) 4 (18.18)    
      

Caregiver sexa   .14 .19 0 (0) 

Male 6 (27.27) 1 (4.55)    

Female 8 (36.36) 7 (31.82)    

      
Dyad 

race/ethnicitya 
  4.04 .26 1 (4.55) 

Hispanic, 

Latino/a/x, 

Chicano/a 

8 (36.36) 8 (36.36)    

Non-

Hispanic 

White 

2 (9.09) 0 (0)    

Asian 2 (9.09) 0 (0)    

Pacific 
Islander 

1 (4.55) 0 (0)    

      

Caregiver 

educationa 
  6.16 .41 1 (4.55) 

Less than 

high school 
degree 

2 (9.09) 4 (18.18)    

High school 

degree 
3 (13.64) 1 (4.55)    

Some 

college 
4 (18.18) 2 (9.09)    

College 

degree 
3 (13.64) 1 (4.55)    

Professional 

degree 
1 (4.55) 0 (0)    
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Dyad primary 

language spoken 
at homea 

  3.71 .05 0 (0) 

English 11 (50) 3 (13.64)    

Spanish 3 (13.64) 5 (22.73)    

      

Child diagnosisa   3.27 .35 0 (0) 
Leukemias 9 (40.91) 3 (13.64)    

Lymphomas 1 (4.55) 2 (17)    

Sarcomas 3 (13.64) 1 (4.55)    

CNS tumors 1 (4.55) 2 (9.09)    

      

Child ageb 14.64 (8.91) 10.63 (2.56) -1.24 .23 0 (0) 
      

Caregiver ageb 42 (7.46) 43.13 (9.09) .31 .76 1 (4) 

      

Annual family 

income (USD)b 

88,017 

(51,756) 

46,080 

(26,431) 
-1.70 .11 

5 

(22.73) 
      

Child baseline BMI 

percentilec 

71.14 (10.28 – 

94.64) 

69.34 (53.12 

– 94.15) 
40 .90 

3 

(13.64) 
an (%); bM (SD); cMedian (interquartile range) 

Note: Some demographic data were missing and reports above reflect the proportion 

of available data (i.e., valid percent). Any race/ethnicity categories that received zero 

participant responses are not included in the above table. For caregiver education, 
the “Less than high school degree” category consists of three separate choices from 

the demographic questionnaire, collapsed for ease of presentation in this table: Ten 

to eleven years of school (part high school); Seven to nine years of school; Less than 

seven years of school. 

Abbreviations: CNS = central nervous system; SD = standard deviation; BMI = 
body mass index. 

 

Raw salivary biomarker concentrations were examined at each study timepoint 

for highly influential values which were not already excluded in preliminary processing 

steps. For example, any individual saliva samples with a concentration greater than 

four standard deviations above the sample mean would be flagged for exclusion – no 

such sample concentrations were observed in the present study. Table 3 summarizes 

salivary biomarker concentrations among the 22 child-caregiver dyads recruited. 

Table 3. Summary of raw salivary biomarker concentrations (pg/mL) at each study 

timepoint among participant dyads (N=22 dyads) assigned to the Pain Buddy 
intervention group and attention-control group. 
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Baseline 

salivary 
biomarkers 

Pain Buddy 

Intervention Group, 
n=14 dyads 

Attention-Control 

Group, n=8 dyads 

Missing n 

(%) 

Child salivary 
CRP 

2215.25 (125.29-
6646.44) 

62.25 (43.34-360.18) 6 (27.27) 

    

Child salivary 

IL-1β 
29.03 (12.07-50.37) 40.74 (22.42-93.13) 6 (27.27) 

    
Child salivary 

IL-6 
2.65 (0.76-9.26) 3.70 (2.23-4.43) 6 (27.27) 

    

Child salivary 

TNF-α 
0.50 (0.18-2.75) 1.06 (0.23-1.77) 6 (27.27) 

    

Caregiver 

salivary CRP 

290.16 (103.13-

857.52) 

342.76 (49.41-

11215.75) 
7 (31.82) 

    

Caregiver 

salivary IL-1β 
68.34 (34.77-422.35) 

103.26 (34.79-

536.90) 
7 (31.82) 

    

Caregiver 

salivary IL-6 
1.56 (1.18-2.16) 3.43 (0.93-10.26) 7 (31.82) 

    

Caregiver 
salivary TNF-α 

0.79 (0.44-2.28) 0.79 (0.30-1.86) 7 (31.82) 

T2 salivary 

biomarkers 

Pain Buddy 
Intervention Group, 

n=14 dyads 

Attention-Control 

Group, n=8 dyads 

Missing n 

(%) 

Child salivary 

CRP 

493.33 (68.18-

1829.07) 

471.84 (373.98-

2004.20) 
8 (36.36) 

    

Child salivary 

IL-1β 
42.87 (16.94-81.32) 91.48 (54.79-153.18) 8 (36.36) 

    

Child salivary 

IL-6 
3.68 (1.39-5.34) 6.02 (1.65-8.18) 8 (36.36) 

    

Child salivary 
TNF-α 

0.85 (0.53-1.07) 1.69 (0.83-2.89) 8 (36.36) 

    

Caregiver 

salivary CRP 

1048.72 (313.37-

2098.55)a 

257.87 (118.17-

1605.54) 
4 (18.18) 

    
Caregiver 

salivary IL-1β 

115.95 (16.49-

569.66) 
62.83 (29.34-422.10) 3 (13.67) 
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Caregiver 

salivary IL-6 
2.75 (1.12-4.53) 2.06 (0.89-5.01) 4 (18.18) 

    

Caregiver 

salivary TNF-α 
2.11 (0.71-4.18) 0.60 (0.36-4.30) 4 (18.18) 

T3 salivary 
biomarkers 

Pain Buddy 

Intervention Group, 

n=14 dyads 

Attention-Control 
Group, n=8 dyads 

Missing n 
(%) 

Child salivary 

CRP 

217.50 (8.75-

217.50)a 

938.76 (298.41-

2054.68) 
15 (68.18) 

    
Child salivary 

IL-1β 
71.40 (42.70-71.40)a 62.70 (27.04-128.89) 15 (68.18) 

    

Child salivary 

IL-6 
4.24 (1.99-4.24)a 4.53 (1.33-5.89) 15 (68.18) 

    

Child salivary 

TNF-α 
0.50 (0.41-0.50)a 0.66 (0.17-0.99) 15 (68.18) 

    

Caregiver 

salivary CRP 

471.63 (69.62-

2319.46) 

304.70 (81.08-

304.70)a 
15 (68.18) 

    

Caregiver 

salivary IL-1β 

167.80 (126.72-

539.92)a 
90.23 (50.14-90.23)a 15 (68.18) 

    

Caregiver 
salivary IL-6 

2.44 (0.80-5.25) 2.07 (0.22-2.07)a 15 (68.18) 

    

Caregiver 

salivary TNF-α 
1.25 (1.06-13.31) 0.38 (0.10-0.38) 15 (68.18) 

aQuartile 2 presented instead of quartile 3 due to inadequate sample size (three or 

fewer observations). 
Note: Descriptive statistics for salivary biomarkers at each timepoint were calculated 
using raw data from each timepoint. Median and interquartile range statistics are 

provided. Distributions are not accurately reflected by the sample mean for salivary 

biomarker concentrations due to the high skewness and/or kurtosis of all salivary 

biomarkers. 

 

Main analyses 

Aim 1: Measure salivary inflammatory biomarker concentrations in 

children undergoing treatment for cancer and their primary caregivers. 
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Hypothesis 1: Salivary inflammatory biomarkers will be positively 

intercorrelated at baseline among children undergoing treatment for cancer. 

Spearman’s correlations revealed that overall, salivary CRP and all salivary cytokines 

were weakly to strongly, and significantly, positively intercorrelated at baseline for 

children in the current study (see Table 3). Intercorrelations of salivary analytes at 

baseline for children were also examined separately by study group (Pain Buddy 

intervention group and attention-control group) (see Table 4). 

Table 4. Spearman’s correlations of children's salivary biomarkers of inflammation 
(pg/mL) at baseline for all study participants. 

 1 2 3 4 

1. Salivary C-reactive protein (CRP) 1 .33* .38* .34* 

2. Salivary interleukin 1-beta (IL-1β) - 1 .36* .53** 

3. Salivary interleukin 6 (IL-6) - - 1 .66* 

4. Salivary tumor necrosis factor alpha (TNF-α) - - - 1 

Note: *p<.05; **p<.01 

    
Table 5. Spearman’s correlations of children's salivary biomarkers of inflammation 

(pg/mL) at baseline by study group: Pain Buddy intervention group and attention-
control group. 

 1 2 3 4 

1. Salivary C-reactive protein (CRP) 1 .47 .14 .24 

2. Salivary interleukin 1-beta (IL-1β) .66** 1 -.03 .51* 

3. Salivary interleukin 6 (IL-6) .74** .03 1 .43 

4. Salivary tumor necrosis factor alpha (TNF-α) .78** .48* .77** 1 

Note: Attention-control group sample correlations are to the right of the diagonal. 

Pain Buddy intervention group sample correlations are to the left of the diagonal. 
Bolded correlations differ in direction (i.e., positive, negative) between the Pain 

Buddy intervention and attention-control groups. 

*p<.01; **p<.01 

    
Interestingly, among children in the attention-control group, statistically 

significant correlations were not observed for salivary CRP and salivary cytokines, 

though correlations were positive. Among the Pain Buddy intervention group, salivary 

CRP was strongly, and statistically significantly, positively correlated at baseline with 
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all salivary cytokines. A moderate, positive, statistically significant correlation was 

observed between salivary TNF-α and salivary IL-1β among both the attention-

control group and the Pain Buddy intervention group. The direction of the correlation 

between salivary IL-6 and salivary IL-1β was negative in the attention-control group 

and positive in the Pain Buddy intervention group, and did not achieve statistical 

significance, though the strength of the correlation was the same between groups 

(absolute value .03). 

Hypothesis 2: Salivary inflammatory biomarkers will also be positively 

intercorrelated among primary caregivers at baseline. Spearman correlations 

revealed that overall, salivary CRP and all salivary analytes were weakly to strongly, 

and significantly, positively intercorrelated at baseline for caregivers in the current 

study except for salivary IL-1β and salivary IL-6 (see Table 5). While not statistically 

significant, the correlation between salivary IL-1β and salivary IL-6 for caregivers at 

baseline was positive. Intercorrelations of salivary analytes at baseline for caregivers 

were also examined separately by intervention group (i.e., whether their child was 

assigned to the control group or Pain Buddy intervention group) (see Table 6). 
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Table 6. Spearman’s correlations of caregivers' salivary biomarkers of inflammation 
(pg/mL) at baseline for all study participants. 

 1 2 3 4 

1. Salivary C-reactive protein (CRP) 1 .48** .47** .51** 

2. Salivary interleukin 1-beta (IL-1β) - 1 0.27 .73** 

3. Salivary interleukin 6 (IL-6) - - 1 .36* 

4. Salivary tumor necrosis factor alpha (TNF-α) - - - 1 

Note: *p<.05; **p<.01 

    
Table 7. Spearman’s correlations of caregivers' salivary biomarkers of inflammation 
(pg/mL) at baseline by child’s study group: Pain Buddy intervention group and 
attention-control group. 

 1 2 3 4 

1. Salivary C-reactive protein (CRP) 1 0.25 .47** .39* 

2. Salivary interleukin 1-beta (IL-1β) .80** 1 0.16 .58** 

3. Salivary interleukin 6 (IL-6) .57* .53* 1 0.32 

4. Salivary tumor necrosis factor alpha (TNF-α) .71* .87** .58* 1 

Note: Attention-control group sample correlations are to the right of the diagonal. 
Pain Buddy intervention group sample correlations are to the left of the diagonal. 

*p<.05; **p<.01 

    
Among caregivers whose children were in the attention-control group, 

statistically significant correlations were not observed for salivary CRP and salivary 

IL-1β at baseline, though the correlation observed was positive. Correlations between 

salivary CRP and salivary IL-6 and salivary TNF-α were moderate and weak 

(respectively), positive, and statistically significant among caregivers whose  children 

were in the attention-control group. Among caregivers whose children were in the 

Pain Buddy intervention group, salivary CRP was moderately-to-strongly, and 

statistically significantly, positively correlated at baseline with all salivary cytokines. 

Salivary TNF-α was also moderately-to-strongly, and statistically significantly, 

positively correlated at baseline with salivary IL-1β and salivary IL-6 among 

caregivers whose children were in the intervention group. 
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Aim 2: Determine how salivary inflammatory biomarker 

concentrations are related to pain and patient- and caregiver-reported 

psychosocial outcomes.  

Hypothesis 3: Higher concentrations of salivary inflammatory 

biomarkers will be positively associated with higher reported pain among 

children with cancer. Linear regression revealed that children’s pain at baseline as 

reported on the MSAS did not explain a significant proportion of variation in their T2 

salivary CRP composite score (Adj. R2 = -.05, F(1,5) = .73, p = .43) or T2 salivary 

cytokine concentrations (Adj. R2 = -.13, F(1,6) = .19, p = .68). Similarly, linear 

regression models utilizing children’s pain as reported on the MSAS at T2 could not 

predict salivary CRP composite score (Adj. R2 = -.05, F(1,5) = .73, p = .43) or 

salivary cytokine composite score (Adj. R2 = -.05, F(1,5) = .73, p = .43) at T3. Linear 

regression models utilizing pain scores from the PedsQL Cancer Module to predict 

salivary CRP and salivary cytokine composite scores did not have an improved model 

fit. 

Hypothesis 4: Higher concentrations of salivary inflammatory 

biomarkers will be positively associated with poorer psychosocial outcomes 

among children with cancer, specifically more depression and anxiety 

symptoms and lower. Separate linear regressions assessing the relationships 

between child depression, anxiety, and inflammatory biomarker composite scores did 

not reveal statistically significant associations: 

Major depression symptoms reported by children on the RCADS at baseline did 

not explain a significant proportion of variation in their T2 salivary CRP composite 
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scores (Adj. R2 = -.08, F(1,12) = .01, p = .91) or T2 salivary cytokine composite 

scores (Adj. R2 = -.02, F(1,12) = .71, p = .42). Similarly, major depression symptoms 

reported by children on the RCADS at T2 did not statistically predict salivary CRP (Adj. 

R2 = .12, F(1,3) = 1.54, p = .30) or salivary cytokine (Adj. R2 = .138, F(1,3) = 1.64, 

p = .29) composite scores at T3. Model fits did not improve when major depression 

symptom scores from the RCADS caregiver proxy were utilized instead. 

General anxiety symptoms reported by children on the RCADS at baseline did 

not explain a significant proportion of variation in their T2 salivary CRP composite 

scores (Adj. R2 = -.05, F(1,12) = .36, p = .56) or T2 salivary cytokine composite 

scores (Adj. R2 = .02, F(1,12) = 1.22, p = .29). General anxiety symptoms reported 

by children on the RCADS at T2 also did not statistically predict salivary CRP (Adj. R2 

= .10, F(1,3) = 1.43, p = .32) or salivary cytokine (Adj. R2 = -.33, F(1,3) = 8.27, p 

= .995) composite scores at T3. Model fits did not improve when general anxiety 

symptom scores from the RCADS caregiver proxy were utilized. 

Hypothesis 5: Caregivers who report higher perceived stress will have 

higher levels of salivary biomarkers of inflammation. Linear regression 

revealed that caregivers’ perceived stress reported at baseline on the PSS did not 

explain a significant proportion of variation in their T2 salivary CRP composite scores 

(Adj. R2 = .139, F(1,15) = 3.58, p = .08) or salivary cytokine composite scores (Adj. 

R2 = -.004, F(1,16) = .93, p = .35). Similarly, linear regression models utilizing 

caregivers’ perceived stress reported on the PSS at T2 were unable to statistically 

predict salivary CRP (Adj. R2 = -.25, F(1,4) = .001, p = .97) or salivary cytokine (Adj. 

R2 = -.14, F(1,4) = .37, p = .57) composite scores at T3.  
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Aim 3: Investigate the impact of the Pain Buddy intervention on salivary 

biomarkers of inflammation. 

Hypothesis 6: Children with cancer who learn and practice cognitive 

and behavioral coping skills through the Pain Buddy application (i.e., the 

intervention group) will have lower average salivary inflammatory 

biomarker concentrations at T2 and T3 than children who do not receive the 

same coping skills training (i.e., the attention-control group). Mann-Whitney 

U tests revealed that the distribution of all individual salivary inflammatory 

biomarkers (CRP, IL-1β, IL-6, and TNF-α), as well as the distribution of the salivary 

biomarker composite scores, was similar between the attention-control and 

intervention groups for children at each of the three study timepoints (p range = 

0.11-1.00). Mean rank comparisons of salivary inflammatory biomarker composite 

scores for children are visualized in Figures 1 and 2. 

Hypothesis 7: Caregivers whose children are in the intervention group 

will also have lower salivary inflammatory biomarker concentrations at T2 

and T3 as compared to caregivers whose children are in the attention-

control group. Mann-Whitney U tests revealed that the distribution of all individual 

salivary inflammatory biomarkers, as well as the distribution of the salivary 

biomarker composite scores, was similar between caregivers whose children were in 

the attention-control group and intervention group at each of the three study 

timepoints (p range = 0.06-1.00). Mean rank comparisons of salivary inflammatory 

biomarker composite scores for caregivers are visualized in Figures 3 and 4. 
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Figure 1. Mean rank comparisons of salivary 

CRP composite scores were not statistically 
significantly different at study baseline (1a), 

time 2 (1b), or time 3 (1c) between children 

in the Pain Buddy intervention group (right-

side/red histograms) and attention-control 

group (left-side/blue histograms). 

Note: M2 = T2; M6 = T3. 

(a) (b) 

(c) 
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Figure 2. Mean rank comparisons of salivary 

cytokine composite scores were not 

statistically significantly different at study 

baseline (2a), time 2 (2b), or time 3 (2c) 

between children in the Pain Buddy 

intervention group (right-side/red 
histograms) and attention-control group 

(left-side/blue histograms). 

Note: M2 = T2; M6 = T3. 

(a) (b) 

(c) 
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Figure 3. Mean rank comparisons of salivary 

CRP composite scores were not statistically 
significantly different at study baseline (3a), 

time 2 (3b), or time 3 (3c) between 

caregivers whose children were in the Pain 

Buddy intervention group (right-side/red 

histograms) and caregivers whose children 
were in the attention-control group (left-

side/blue histograms). 

Note: M2 = T2; M6 = T3. 

(a) 
(b) 

(c) 
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Figure 4. Mean rank comparisons of salivary 

cytokine composite scores were not 
statistically significantly different at study 

baseline (4a), time 2 (4b), or time 3 (4c) 

between caregivers whose children were in 

the Pain Buddy intervention group (right-

side/red histograms) and caregivers whose 
children were in the attention-control group 

(left-side/blue histograms). 
Note: M2 = T2; M6 = T3. 

(a) (b) 

(c) 
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Aim 4: Explore participant factors that may be associated with salivary 

biomarkers of inflammation. 

 As the present study is one of very few in its inclusion of caregiver-child dyads 

(versus individuals), the expected relationships among salivary inflammatory 

biomarkers and participant outcomes is unclear. Two participant demographic 

characteristics were chosen to be explored further: type of cancer diagnosis and 

primary language spoken at home. Furthermore, as BMI is associated with salivary 

inflammatory biomarkers (particularly CRP), correlations between children’s BMI 

percentile and salivary inflammatory biomarkers were explored. 

Point-biserial correlations were utilized to assess the association between 

individual salivary inflammatory biomarkers and cancer diagnosis category (i.e., 

leukemias, lymphomas, sarcomas, central nervous system tumors) among both 

children and caregivers at each timepoint. As the treatment protocols and prognosis 

for each diagnosis can vary widely, even within each diagnosis category, this 

exploratory analysis was conducted to determine whether those differences may be 

reflected in salivary inflammatory biomarker levels in either children or caregivers. 

There was a statistically significant weak negative correlation between diagnosis 

category and children’s T3 salivary TNF-α concentrations (pg/mL): rpb(5)= -.358, p 

= .03. There was also a statistically significant moderate positive correlation between 

diagnosis category and caregiver’s baseline salivary IL-6 concentrations (pg/mL): 

rpb(13)= .52, p = .048. 

Since over 36 percent of participants recruited for the present study spoke 

Spanish as their primary language, point-biserial correlations were also utilized to 
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assess associations between primary language (English or Spanish) and inflammatory 

biomarker concentrations (pg/mL) to begin exploring differences based on culture 

(e.g., cultural values, acculturation). Across all study timepoints and all individual 

inflammatory biomarkers, no statistically significant correlations were observed 

between primary language and biomarkers. 

Spearman’s correlations were run to determine the relationship between 

children’s BMI percentile and individual salivary inflammatory biomarker 

concentrations (pg/mL) at each study timepoint. There was a statistically significant, 

moderate positive relationship between BMI percentile and salivary CRP 

concentrations at T2: rs(8) = .67, p = .03. No other statistically significant 

correlations between BMI and salivary inflammatory biomarkers were observed. 

Discussion 

Measuring salivary inflammatory biomarkers among children with cancer and 

their caregivers is a promising first step toward better understanding how oral and 

systemic immune processes for the dyad may be related to psychosocial and pain 

outcomes during the course of a child’s cancer treatment. Prior research suggests 

that these salivary inflammatory biomarkers have implications for cancer-related 

outcomes in adulthood after children have transitioned into survivorship and can 

predict long-term functioning for caregivers as well. Children diagnosed with cancer 

experience myriad symptoms throughout their disease progression and treatment, 

including moderate to severe pain, fatigue, insomnia, and worry (Baggott et al., 

2009; Collins et al., 2000). Substantial research has accordingly been devoted to 

understanding, managing, and improving children’s psychosocial outcomes and 
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cancer-related pain. There is, however, a gap regarding how inflammatory 

biomarkers are related to pain and psychosocial sequelae commonly experienced by 

children with cancer, providing an opportunity to extend current knowledge and 

inform the development of more comprehensive care. 

For caregivers, research in psychoneuroimmunology has established links 

between stress and heightened immune response (i.e., increased inflammation), 

though these links are often observed using serum biomarker levels. For example, 

higher perceived stress among clinically normal adults is linked to disproportionate 

elevations in serum monocyte concentrations as compared to adults who do not 

report high perceived stress (Casaletto et al., 2018). Measures of immune system 

functioning utilizing saliva samples rather than serum samples may more feasibly 

provide  information regarding caregivers’ physiological health which may not be 

reflected in their self-reports (i.e., reports of health or reports of perceived stress). 

Research to date has also not analyzed the potential associations between children’s 

functioning (or changes in symptom severity) during cancer treatment and 

caregivers’ salivary inflammatory biomarkers. 

The present study is the first, to our knowledge, which aims to investigate 

differences in salivary inflammatory biomarkers at multiple timepoints among both 

children with cancer and their primary caregivers, alongside reports of children’s pain, 

anxiety, and depression, and reports of caregivers’ perceived stress. The present 

study was designed to address current gaps and questions in the literature concerning 

relationships between salivary biomarkers of inflammation, reports of pain, and 

psychosocial outcomes among children with cancer. Rather than providing definitive 

answers to these questions, the present study is a stepping stone toward 
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understanding how best to approach research in this field and will inform 

methodology for follow-up studies.  

Unique aspects of the present study include recruitment of a sample of children 

utilizing an mHealth intervention to reduce pain and cancer-related symptoms, as 

well as the measurement of caregivers’ salivary inflammatory biomarker 

concentrations alongside their children during the study period. We did not find 

statistical support for all hypothesized relationships between study variables; 

however, conducting the present study provided us with valuable insight regarding 

how best to approach and engage this population of participants moving forward. The 

present study also highlights the potential importance of participant factors, such as 

medication use and oral health, which were considered during the initial study design 

but should be further investigated in future research. Below is a discussion of study 

findings in relation to the proposed aims of the current dissertation, as well as 

limitations, lessons learned, and directions for follow-up research.  

Aim 1: Measure salivary inflammatory biomarker concentrations in children 

undergoing treatment for cancer and their primary caregivers. 

Consistent with established literature, salivary inflammatory biomarkers were 

generally intercorrelated at baseline among both children and caregivers. When 

children were separated by study intervention group (Pain Buddy intervention and 

attention-control) and correlations were reassessed, the correlation between salivary 

IL-6 and salivary IL-1β among attention-control group children was found to be 

negative, though this correlation did not reach statistical significance. Among 

caregivers separated by study intervention group (Pain Buddy intervention and 
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attention-control), correlations between salivary biomarkers of inflammation 

remained positive. The general trend of these associations indicate that salivary 

inflammatory biomarkers used in the current study may be positively intercorrelated 

within children diagnosed with cancer, as well as within their adult caregivers. More 

research, specifically the inclusion of more participants, is needed to be confident 

that salivary inflammatory biomarker concentrations are consistently intercorrelated 

among children with cancer as they are in healthy children and adults (Riis et al., 

2014, 2015). 

Positive associations found in the present study, if corroborated by future 

research, mean that we may be able to utilize fewer salivary inflammatory biomarkers 

to index oral inflammation for children with cancer. The current study protocol 

included three salivary cytokines – IL-6, IL-1β, and TNF-α – which all are highly 

influenced by the oral immune environment and thus typically regarded as indices of 

oral inflammation rather than systemic inflammation. Utilizing fewer salivary 

inflammatory biomarkers to assess oral inflammation could be a benefit to children 

with cancer and their caregivers as they would not have to devote as much of their 

vital time or effort to collecting saliva samples for research purposes. 

The current study protocol asked participants to passively drool into a 

collection vial for up to two minutes or until 2.0 mL of fluid were collected, to account 

for at least 0.5 mL per salivary biomarker included in the protocol (CRP, IL-6, IL-1β, 

TNF-α) for assay purposes. At least four caregivers recruited for the current project 

communicated with the research team that they were unable to collect at least 2.0 

mL of saliva from their child at points throughout the study due to their child 
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experiencing pain, dry mouth, saliva being more viscous than typical, or simply being 

uncomfortable with passively drooling for that amount of time. 

Even with a minimally invasive and minimally painful biospecimen collection 

such as saliva sampling, there are ways we can improve participant comfort and 

compliance with study procedures, especially for children undergoing treatment for a 

first-time cancer diagnosis. If follow-up studies find that salivary biomarkers of oral 

inflammation (i.e., cytokines IL-6, IL-1β, and TNF-α) are indeed consistently 

positively associated, future research designs may be able to include just one of these 

biomarkers, such as salivary IL-6, as representative of oral inflammation. Along with 

salivary CRP as an index of systemic inflammation, just one additional salivary 

inflammatory biomarker would mean that participants only need to collect 1.0 mL of 

saliva (0.5 mL for each salivary biomarker) to provide similar insights into 

inflammatory processes. This smaller sample volume could be quicker and more 

manageable for child-participant dyads to collect, especially on days when children 

have scheduled medical procedures or planned family events. A smaller required 

sample volume may increase the amount of viable saliva samples from children who 

would not have otherwise been able to produce double the amount (2.0 mL) of saliva 

at multiple study assessment points and thus allow us to capture more participant 

data. 

For associations between salivary inflammatory biomarkers which were not 

statistically significant or positive in the current study, there are additional factors to 

consider. These samples were taken at baseline, prior to engagement in the Pain 

Buddy intervention, which suggests that participant characteristics which naturally 

varied in the present sample, such as individual differences in sample collection and 
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handling at home, may contribute to differences. Child-caregiver dyads were allowed 

to select a time of day that worked best for their saliva collections at the beginning 

of the study, and there was some variation in timing. For example, some dyads were 

able to collect samples consistently in the mornings while some dyads could only 

consistently collect samples in the late afternoon after a child’s scheduled medical 

appointments. Yet more participant dyads reported to the current research team that 

there was inconsistency in their sample collection times throughout the study due to 

personal, work, or medical schedules (e.g., attending a family event where 

immediate sample collection and storage was not possible, or being admitted to the 

emergency department during a typical sample collection time). These variations in 

sample collection timing should be accounted for in future analyses as many serum 

cytokines have a circadian rhythm, though we do not know precisely how salivary 

CRP and salivary cytokines may vary throughout the day (Szabo & Slavish, 2021). 

Aim 2: Determine how salivary inflammatory biomarker concentrations are 

related to pain and patient- and caregiver-reported psychosocial outcomes.  

Children’s Pain 

The measures of pain utilized for the present study, the MSAS and the PedsQL 

Cancer Module, were not predictive of CRP and cytokine composite scores among 

children in the present study. Based on analyses conducted for the present study, it 

is still unclear to what extent acute or chronic pain experienced by children with 

cancer is associated with local oral immune activity (i.e., salivary cytokines) or 

systemic immune activity (i.e., salivary CRP). Children’s self-reports of pain at 

baseline and T2 were not predictive of composite salivary cytokine scores at the next 



 

53 

 

study timepoints (i.e., T2, T3) when using linear regression (p range = .43-.68). We 

are also unable to make definite conclusions regarding the impact of pain on salivary 

CRP composite scores as there was no predictive association at T2 or T3 (p = .43 for 

both timepoints) for this group of children. Of note, regression analyses for the 

current dissertation only allowed for the inclusion of participant dyads who provided 

at least one saliva sample at each of the three study timepoints, resulting in 15 

participant dyads who had missing samples being excluded from the current analyses. 

An analytic approach such as latent growth modeling, which can consider levels of 

salivary biomarkers at each separate day within study timepoints (i.e., three days of 

baseline sampling, three days of T2 sampling, and three days of T3 sampling) rather 

than creating one composite value, may be able to more accurately detect the 

relationship between pain and salivary biomarkers over time.                                   

Self-reports of pain among cancer patients has been associated with serum 

biomarkers including CRP, however this link is not as well-established using salivary 

biomarkers of inflammation (Oliveira et al., 2014). Relationships between salivary 

biomarkers of inflammation and pain are under-studied among children in general: 

across samples of all ages, salivary alpha-amylase and salivary cortisol are the most 

widely studied as biomarkers of pain (Payne & Fortier, 2020). In future research, the 

inclusion of salivary CRP and salivary cytokines such as in the present study can 

extend knowledge of how self-reported pain is related to salivary biomarkers of 

inflammation among children with cancer throughout their treatment course. Future 

research investigating this relationship between pain and salivary inflammatory 

biomarker concentrations may help with determining if assessment of pain is possible 



 

54 

 

through the measurement of salivary biomarkers, such as in cases where a child is 

not able to self-report pain levels due to age or other factors. 

Children’s and Caregivers’ Psychosocial Outcomes 

Psychosocial well-being (anxiety, depression) as self-reported by children and 

reported by caregivers via proxy were also not predictive of CRP and cytokine 

composite scores among children in the present study. This null finding is particularly 

interesting since there were detectible levels of proinflammatory cytokines for both 

children and caregivers in the present study, and these cytokines in serum have been 

found to be related to anxiety and depression in humans (Anisman et al., 1999). The 

circulating levels of salivary cytokines or reports of psychosocial symptoms observed 

in the present sample of children may not be illustrative of this typical relationship, 

perhaps due to having a small sample and inadequate power to detect this 

relationship.  

 In a study of adults caring for a spouse with dementia, serum CRP was linked 

to pain among spousal caregivers, but not the adults with dementia they cared for, 

suggesting that pain may be specifically associated with chronic caregiving stress 

(Graham et al., 2006). It is possible that this relationship may exist for caregivers of 

children with cancer as well, though the current project did not investigate this 

association.  Similarly, among caregivers in the current study, perceived stress was 

not predictive of either salivary CRP or cytokine composite scores. It was proposed 

that perceived stress would be associated with higher salivary biomarker composite 

scores, and while that was not the observed pattern, results from the present study 

may still be in line with prior research. The Th1 (proinflammatory) cytokine response 
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in serum, including IL-1β and TNF-α activity, may be decreased or blunted within 

individuals under chronic psychological stress such as caregivers of children with 

cancer (Ambrée et al., 2019; Miyasaka et al., 2018; Nelson et al., 2008; Wenzel et 

al., 2015). If future research corroborates the trends observed in the current study 

regarding perceived stress and lower biomarker composite scores, there may 

evidence for a pattern that is reflected in salivary concentrations of Th1 cytokines as 

it is for serum concentrations. 

Aim 3: Investigate the impact of the Pain Buddy intervention on salivary 

biomarkers of inflammation. 

While results did not indicate statistically significant differences in 

inflammatory biomarkers between children or caregivers in the Pain Buddy 

intervention and attention-control groups, these observations are still informative. 

Rather than inflammatory biomarkers being associated with just study group 

membership, perhaps changes in inflammatory biomarkers can be studied in follow-

up studies as a function of Pain Buddy intervention engagement (i.e., a dose-

response relationship). There is already a basis for engagement in mindfulness-based 

interventions reducing serum CRP and IL-6 (Dunn & Dimolareva, 2022), and there is 

an opportunity to extend this body of work with findings from interventions tailored 

for children undergoing cancer treatment. Follow-up studies will benefit from 

considering children’s engagement in different components of the Pain Buddy 

intervention, such as length of time spent learning cognitive-behavioral skills via the 

mobile application. 
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The sampling procedure of three timepoints across a 90-day study period from 

recruitment to completion of follow-up questionnaires may not have been sufficient 

to capture nuanced changes in inflammatory biomarker concentrations for child-

caregiver dyads, or it is possible that the components of the Pain Buddy intervention, 

including mindfulness training, simply did not result in significant changes to 

inflammatory biomarkers as found in prior research (Z. P. Cohen et al., 2021; Oswald 

et al., 2022). 

Aim 4: Explore participant factors that may be associated with salivary 

biomarkers of inflammation. 

Exploratory analyses indicated that there may be an association between 

children’s diagnosis and salivary inflammatory biomarker concentrations within 

children (TNF-α) and caregivers (IL-6). In a study of Latino children aged 5 to 10 

years, elevated plasma TNF-α levels were associated with stressful life events, a 

relationship which was not modified by child sex or family history of type 2 diabetes 

mellitus (Dixon et al., 2009). Conceptualizing the cancer illness and treatment 

experience as a chronic stressor, trends from the present study supports a need to 

further investigate the relationship between significant stressful life events and 

elevated salivary biomarker levels, such as TNF-α, among children. Elevations in 

serum IL-6 in response to stress, both acute and chronic, are well-established 

among otherwise healthy adults (Slavish et al., 2015). However, the mechanisms 

underlying a possible relationship between a child’s specific cancer diagnoses and 

salivary IL-6 concentrations among their caregivers are unclear and warrant further 

investigation. 
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Limitations and Considerations for Future Research 

 The present study contributes to the current literature by examining salivary 

biomarkers of inflammation among children with cancer and their caregivers. The 

present study offers insight into improving methodological design and practice in 

working with this vulnerable population, which may improve patient comfort and 

compliance with research procedures. This investigation also extends immune 

biomarker research by beginning to examine the associations between caregivers’ 

salivary biomarkers of inflammation and children’s pain and psychosocial outcomes. 

When considering these strengths, it is also important to address the limitations of 

this work and how lessons learned from the present study can contribute to future 

directions in this field. 

 The present study was a small, single-site study of children with cancer and 

their primary caregivers, which limits the generalizability of findings and increases 

the likelihood of a Type II error. For example, study group (Pain Buddy intervention, 

attention-control) differences in caregivers’ T3 salivary IL-1β concentrations 

approached statistical significance (p = 0.057) but a significant difference was not 

ultimately detected, perhaps due in part to the sample size. 

In addition to the potential of time-based peak values in salivary CRP and 

salivary cytokines as mentioned in discussion of Aim 1, other important 

considerations include how sleep and stress may impact salivary inflammatory 

biomarkers. A recent study among university students suggests that salivary IL-1β 

may be related to symptoms of insomnia or poor sleep quality as a function of its role 

in helping recover physiological function after sleep loss via sympathetic nervous 

system pathways (i.e., serum IL-1β levels may increase to help induce sleep, and 
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these levels are partially reflected in salivary IL-1β) (Ballestar-Tarín et al., 2023). 

During a child’s initial diagnosis and treatment for cancer, children and their 

caregivers often concurrently experience sleep disturbances including difficulties with 

falling asleep, experiencing fragmented sleep, and reported lower quality of sleep 

(Rensen et al., 2019; Stavinoha et al., 2021). While sleep disturbances may be 

related to respiratory issues such as sleep apnea, this is not the case for the majority 

of reported sleep disturbances among children with cancer or their caregivers in 

research to date, and these disturbances can persist even as children transition into 

cancer survivorship (Rensen et al., 2019). It is plausible that poor sleep quality, sleep 

duration, and symptoms of insomnia are related to salivary IL-1β levels within 

children with cancer and their caregivers as it is among healthy university students, 

though the current study did not account for these factors in its design and analysis. 

Future research is needed to investigate bidirectional links between sleep and salivary 

biomarkers of inflammation. 

 In addition to sleep, another health behavior that should be considered in 

future research is engagement in oral hygiene habits (e.g., tooth brushing, flossing, 

regular dentist visits). In the present study, we asked participants to report any 

current dental issues such as bleeding gums or oral caries to help explain transferrin 

(blood leakage) concentrations in saliva. About a quarter of individual saliva samples 

donated by participants (both children and caregivers) for the present study were 

excluded due to blood contamination, which is exceptionally high compared to studies 

where less than five percent of samples are excluded due to blood contamination 

(Kamodyová et al., 2015). However, we did not account for aspects of oral hygiene 

or health in either children or caregivers such as inflamed gums, last dental visit, or 
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tooth-brushing habits. Given current knowledge regarding the prevalence of chronic 

stress among caregivers of a family member with cancer, and research which 

indicates that these caregivers may be less likely to engage in self-care practices to 

maintain their own health (Dionne-Odom et al., 2017), chronic stress and lack of self-

care may manifest in a poorer oral immune environment for caregivers. In humans, 

salivary TNF-α has been implicated in detecting the onset of periodontal issues 

including periodontitis, and is a potential clinical diagnostic marker of oral cancer 

(Kibune et al., 2022; Sahibzada et al., 2017). For children with cancer, there is 

literature highlighting the prevalence of oral complications related to cancer therapies 

including mucositis, opportunistic infection, and salivary gland dysfunction which may 

influence biomarker concentrations (Epstein et al., 2012). Chronic stress itself as 

experienced by children with cancer and their caregivers may pose an increased risk 

for higher concentrations of salivary inflammatory biomarkers even aside from 

impacting oral health or hygiene habits: In animal models, salivary IL-1β and mRNA 

expression levels of IL-1β in the submandibular glands of mice subjected to daily 

chronic stress were significantly elevated as compared to mice in a control group 

(Paudel et al., 2020). While these factors were not specifically measured in the 

present study, it is important to consider the potential influence of both stress and 

oral health habits in tandem when investigating salivary inflammatory biomarkers 

among this population. 

 Another piece of information which must be investigated further is how the 

types of medications used throughout children’s cancer treatment, particularly 

corticosteroids, may influence levels of detectable salivary inflammatory biomarkers. 

Literature investigating the impact of corticosteroids on salivary inflammatory 
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biomarkers in children is largely limited to studies among children with asthma who 

use inhaled corticosteroid medications, and while there is a lower level of systemic 

absorption for these children, there are still concerns that prolonged use may lead to 

adverse effects including stunted growth or HPA axis suppression (Amato et al., 

2015; Ballerini et al., 2023; Smy et al., 2015). For children with cancer who are 

administered corticosteroid medication as part of their treatment for prolonged 

periods of time (over the course of weeks to months), careful monitoring for HPA axis 

recovery following corticosteroid treatment is necessary. During the active 

administration of corticosteroid medication as well as the weeks following, children 

with cancer will have lower levels of detectible salivary inflammatory biomarkers than 

typical (Ballerini et al., 2023) before HPA axis recovery. While we attempted to 

account for this in the present study by timing children’s samples in between cycles 

of corticosteroid medication, there are some cases where a child’s care team may 

have initiated corticosteroid treatment earlier than anticipated, or delayed treatment. 

In general, there was a wide variety in treatment courses for children recruited for 

the present study, as we did not restrict enrollment to children with just one diagnosis. 

It may be that in cases where there were not detectable levels of salivary 

inflammatory biomarkers, those children were still experiencing blunted HPA axis 

functioning as a result of their standard corticosteroid treatment. Appendices A 

through D are examples of the standard courses of treatment for the children 

recruited for the present study, separated by diagnosis – however, even within 

children with the same diagnosis, there were slight variations in the timing of 

medication administration. These are factors which can, and should, be explored in 
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a more qualitative fashion in future research due to the variety resulting from 

tailoring of patient care. 

 The group of caregivers in the intervention group reported higher levels of 

education and higher household income than the group of caregivers in the control 

group. Prior research has linked socioeconomic stress to inflammation and immune 

function (O’Connor et al., 2009), so it is possible that the present limited sample size 

and analytical methods masked the detection of interactions between these factors 

and participant outcomes. 

There are also notable differences between the two study groups in race and 

ethnicity such that all child-caregiver dyads in the attention-control group identified 

as Hispanic, Latino/a/x, or Chicano/a. The analytical methods used in the present 

study, while suitable for the data, could not account for demographic variables such 

as caregiver race and ethnicity. Related to this, lack of adjustment for multiple 

outcome comparisons in the current analyses necessitates confirmation, such as in a 

larger follow-up study. Finally, this study did not account for salivary flow rate or 

caregiver BMI, which can influence salivary biomarker concentrations (Szabo & 

Slavish, 2021). 

Caring for a child with cancer is a significant chronic stressor, and caregivers 

who may have lower socioeconomic status or who do not speak English as their 

primary language may not have adequate resources to cope throughout a child’s 

disease progression (Ullrich et al., 2021; Wang et al., 2018). Knowing that immune 

health is potentially impacted by caregiving stress, early intervention efforts to 

improve caregiver health should include stress management interventions tailored 
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specifically for caregivers of children with cancer. An RCT of one such intervention, 

designed for caregivers of stem cell transplant patients, resulted in lower depression 

and anxiety, and showed promise in impacting physiological pathways associated 

with inflammation (Laudenslager et al., 2015). The development of a timely and 

tailored psychosocial intervention thus has implications for all domains of wellness 

and functioning, including immune health. 

Conclusion 

 In light of these limitations, this study has important strengths that contribute 

to the existing literature. Methodologically, this study employs a prospective design 

that includes salivary inflammatory measurement for children with cancer and their 

caregivers. This is a key strength of the present study, as many studies to date have 

studied individuals with cancer independently, without a caregiver (Mundy-Bosse et 

al., 2011; Thornton et al., 2007). The present study builds upon previous research 

highlighting the psychological, emotional, and practical difficulties faced by caregivers 

of cancer patients (Wang et al., 2018), offering new insight to their immune 

functioning via salivary bioscience, which has not been studied previously. Many 

studies recruit caregivers of adults with medical conditions, or spousal caregivers, 

and the present study is one of the few which presents findings on caregivers of 

children with cancer. 

 Caregivers of children with cancer had measurable levels of salivary 

inflammatory biomarkers at baseline in our study, and if these biomarkers remain at 

elevated levels long-term, it could place them at risk for long-term health deficits and 

potentially more immediate difficulties in fulfilling their role as caregivers. Higher 

inflammation among otherwise healthy caregivers is indicative of chronic stress, 
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which may lead to increased behavioral symptoms and poorer mental health (Wohleb 

et al., 2015; Wohleb & Delpech, 2017). Observations from the present study provide 

further support for continued research to assist caregivers in identifying and 

advocating for their psychological, emotional, and social needs to maintain their well-

being. 

 In addition to meeting the immune needs of caregivers of a child with cancer, 

addressing any concerns for children’s pain, psychosocial, and inflammation is 

imperative. While there were no statistically significant associations between salivary 

inflammatory biomarkers and pain or psychosocial symptoms (depression, anxiety), 

the correlation between diagnosis category and children’s T3 TNF-α warrants further 

investigation with a larger participant sample. Future research will also benefit from 

further examining how medical characteristics of a child with cancer are related to 

caregivers’ outcomes as there has been prior research indicating that caregiver well-

being is related to children’s illness prognosis (Ilic et al., 2020; Litzelman et al., 

2011). Based on the present study, characteristics to be considered in future research 

should include specific diagnosis and treatment protocol, and length of time since 

diagnosis. 

 Overall, the present study provides further insight into how we can continue 

to improve upon methodology, including saliva sampling and collecting self-reports 

and medical information, to study the potential immune processes (i.e., 

inflammation) associated with cancer among children within the first six months of a 

first-time diagnosis and their caregivers. The present study highlights the need for 

further research investigating how a child’s diagnosis or treatment protocol may be 

related to salivary inflammatory biomarkers.   
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Appendix A 

B-Cell Acute Lymphoblastic Leukemia (ALL) Treatment Schema at 

Children’s Hospital of Orange County 

 

NCI Standard Risk 
Age 1-9.99 years AND WBC < 50,000 

3 DRUG INDUCTION -DEX for 28 days 

Average Risk 
Based on AALL0932 

Arm A 

High Risk 
MBFM 

Based on AALL1131 
Arm A 

Very High Risk 
MBFM 

Based on AALL1131 
Control Arm 

Interim Maintenance II 
(Capizzi) 

Delayed 
Intensification 

 

 

 

Acute Lymphoblastic Leukemia (ALL), B-Cell 

SCHEMA NOT ON STUDY 
 

 
CNS Status Cytogenetics MRD TPMT MTHFR 

1 2a 2b 2c 3 BCR/ABL iamp21 MLL Hypodiploidy  
TEL/AML DT   

Day 8 PB  % 
Day 29 BM % 

 C677T   
A1298C  

Post-Induction Risk Stratification 
 
 
 
 
 

 
NCI Criteria 

Average Risk 
(AR) 

High Risk (HR) 
<13 years with Day 29 BM MRD< 0.01%; AR w/o 

favorable cytogenetics w/ Day 8 PB MRD ≥ 1% & Day 
29 BM MRD <0.01%; AR w/favorable cytogenetics w/ 

any Day 8 PB MRD & Day 29 BM MRD ≥ 0.01% 

AR/HR w/ testicular disease (no other VHR factors) 

Very High Risk (VHR) 
≥13 year; CNS 3 @ dx; iAMP21; MLL rearrangement; 

Day 29 BM MRD ≥ 0.01%; Hypodiploidy; Ind Failure (M3 
BM @ Day 29); AR w/o favorable cytogenetics, with 

D29 BM MRD > 0.01% 
Hypodiploidy proceed to transplant after Consolidation. 

SR SR SR SR 
HR 

(<13 y/o) 
SR HR 

HR 
(≥13 y/o) 

SR or HR 

Favorable Any No Yes No Any No Any Any Any 

Unfavorable No No No No No No No No Yes 

Day 8 PB MRD > 0.01% <1% Any >1% Any Any Any Any Any 

Day 29 BM MRD <0.01% <0.01% 0.01% <0.01% <0.01% 0.01% 0.01% <0.01% Any 

 

 
 
 
 
 
 
 
 

 

  
MBFM: Modified Berlin Frankfurt Munster 
Favorable: ETV6-RUNX1 (TEL/AML) fusion OR double trisomy 4 and 10 
Unfavorable: CNS3, hypodiploidy (< 44 chromosomes &/or DNA index <0.81), iAMP21, Induction failure (Day 29 M3 marrow),OR MLL rearrangement (not MLL 
deletion. 
Note: BCR/ABL1 positive (Ph + ALL) patients are eligible for different treatment. 
(Revised 7-15-2013) 

Maintenance 

(Dexamethasone) 

Maintenance 
(Prednisone) 

Interim Maintenance I 
(Capizzi) 

Consolidation 

Maintenance 
(Prednisone) 

XRT in Cycle 1 if CNS 3 

Interim Maintenance II 
(Capizzi) 

Delayed Intensification Delayed Intensification 
Interim Maintenance 

(HD Methotrexate) 

Interim Maintenance I 
(HD Methotrexate) 

Consolidation Consolidation 
Testicular XRT if 

patient has testicular 
disease 

NCI High Risk 
Age > 10 years OR WBC > 50,000 

4 DRUG INDUCTION: 
< 10 years - DEX for 14 days 
≥ 10 years - PDN for 28 days 

NOT ON STUDY 

MRN: DOB: 

PMD: CC: 
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Appendix B 

Diffuse Large B-Cell Lymphoma (DLBCL) Treatment Schema at Children’s 

Hospital of Orange County 

 

                 

Physician’s Outpatient Chemotherapy Orders 

Inotuzumab 

 

 

  

 

Children’s Hospital of Orange County 

1201 West La Veta 

Orange, CA 92868-3874 

PHYSICIAN’S OUTPATIENT CHEMOTHERAPY 

ORDERS 

 

 

998546 Version Date: 5/5/16 

998546 Version Date: 12/26/19 

  Name: ______________________ MRN: _______________         Subject ID#: ___________________ 

Diagnosis: ________________________________________   Protocol: AALL1732  
Wt (Kg): _______     Ht (cm) ________    BSA (m2): ________  InO Block: ________ Day: ________ 
 
Initiate Chemotherapy and Supportive Care Orders on: (Date) ________________ 
** All doses will be based on BSA calculated from the height and weight measured at the beginning of each 
block** 
1. IV fluids: ________________________________________________________________ 

   

2. Anti-Emetics (for nausea/vomiting): 
(Emetogenic Potential: Likely (>20%) nausea per AALL1732) 

☐ ondansetron ODT ____  mg PO once. Begin 30 minutes pre-chemo (_____ mg/kg/dose)   
     (4-11 yr: 4 - 12 mg/dose; >11 yr: 8 - 24 mg/dose)   - OR- 

☐ ondansetron _____ mg IV once over 15 minutes. Start 30 minutes pre-chemo 

     (_____ mg/kg/dose)      (0.15-0.45 mg/kg/dose; Max=16 mg/dose) 

☐ _________________________________________________________________ 
  

3. Premedication (strongly recommended per AALL1732) 

☐ Diphenhydramine 1 mg/kg = ____ mg (max 50 mg) IV 30-60 min prior to infusion 

☐ Methylprednisolone 1 mg/kg = ____ mg (max 100 mg) IV 30-60 min prior to infusion 

☐ Acetaminophen 10 mg/kg = ____ mg (max 650 mg) PO 30-60 min prior to infusion 

☐ Other: __________________________________________________________ 
  

4.  

 0.5 mg/m2/dose = ______ mg in NS IV over 60 minutes on Days 1, 8, and 15 

• There must be a minimum of 6 days between inotuzumab doses 

• Round inotuzumab to the nearest 0.05 mg in patients with BSA ≥0.64 m2. See Appendix XIV for BSA 
based dosing for patients with BSA <0.64 m2. 

• IV bag (50 mL) conc = 0.01 – 0.1 mg/mL; Syringe conc = 0.025 – 0.1 mg/mL (Min = 2 mL) 

• Attach microbore tubing [Carefusion 30914] if <25 mL; Attach [CH-3147C] tubing if 25-50 mL. 

• Expires 8 hours refrigerated.  

• Protect dose from light. If infusion exceeds 1 hour, also protect IV tubing from light. 

• Monitor vital signs/symptoms of infusion reactions every 15 minutes during inotuzumab ozogamicin 
infusion, followed by every 30 minutes x 2 thereafter 

5. Medications for possible inotuzumab infusion reactions (in Pyxis): 
a. Epinephrine 0.01 mg/kg = _____ mg (Maximum = 0.5 mg) (1:1000) intramuscularly to be repeated q 15-20 

minutes prn (anterolateral aspect of the thigh) 
b. Diphenhydramine 1 mg/kg (50 mg MAX) = _____ mg IV once prn 
c. Hydrocortisone 1-2 mg/kg (100 mg MAX) = _____ mg IV once prn 
d. Normal saline 10 ml/kg (1000 ml MAX) = _____ ml IV once prn 
e. Ranitidine/famotidine _____ mg IV once prn 

Inv-Inotuzumab 
□ INVESTIGATIONAL supply 
   
Protocol: AALL1732  

Inotuzumab (Besponsa®) 
□ Commercial supply 

On-Study:  □ Yes  □ No 

Page 1 of 2 
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Appendix C 

Osteosarcoma Treatment Schema at Children’s Hospital of Orange County 

 

  

 

Osteosarcoma 
  

 
Criteria to start each cycle: ANC > 750 and platelet count > 75,000.   

MTX at Weeks 4, 5, 9 & 10 can be administered as long as ANC > 250 and platelet count > 50,000 
DRUG ROUTE DOSAGE DAYS NOTES OBSERVATIONS 

DOXOrubicin** 
(DOXO) 

w/ Zinecard 
IV 

37.5 
mg/m2/dose 

1 & 2   
(Weeks 1 and 6) 

**Administer w/ Zinecard 
a. CBC w/ Diff, 

Platelets 
b. CMP 
c. Magnesium 
d. Urinalysis 
e. Echo 
f. Met Eval 
 

Audiogram recommended 
as baseline in Cycle 1 
 
#Weekly after MTX and 
twice weekly after 
DOXO/CDDP 

CISplatin 
(CDDP) 

IV 60 mg/m2/dose 
1 & 2  

(Weeks 1 and 6) 
 

Methotrexate 
(MTX) 

IV 12 g/m2/dose 
1  

(Weeks 4, 5, 9, & 10) 
Max Dose 20 g 

Leucovorin+ 
(LCV) 

PO or IV 
According to 
Institutional 

Protocol 

2 
(Weeks 4, 5, 9 & 10) 

+Leucovorin rescue to start 24 hours 
after start of MTX infusion 

   

Cycle 1                                                       Ht________ cm       Wt________ kg    BSA________ m2 

Date Due 
Date 

Given 
Week Day 

DOXO** 
w/ 

Zinecard 
CDDP MTX LCV Observations 

Comments 
(Include any held dose or dose 

modifications) 

  1 1 mg mg   a,b,c,d,e  

   2 mg mg   a#  

  4 1   g  a#  

   
2 

   mg 
Q     hrs 

 

Date of Last LCV Dose: 
  5 1   g  a#  

   
2 

   mg 
Q     hrs 

 

Date of Last LCV Dose: 
  6 1 Proceed to Next Cycle   

 

Cycle 2                                                       Ht________ cm       Wt________ kg    BSA________ m2 

Date Due 
Date 

Given 
Week Day 

DOXO** 
w/ 

Zinecard 
CDDP MTX LCV Observations 

Comments 
(Include any held dose or dose 

modifications) 

  6 1 mg mg   a,b,c,d,e  

   2 mg mg   a#  

  9 1   g  a#  

   2    mg 
Q     hrs 

 

Date of Last LCV Dose: 
  10 1   g  a#  

   2    mg 
Q     hrs f Date of Last LCV Dose: 

   1 Proceed to Surgery   

 

  

AOST0331: MAP 
Five consecutive weeks (35 days) will constitute one cycle. 

LAST, First 

MRN:    DOB:  
PMD:      CC: 

NOT ON STUDY 
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Appendix D 

Pilocytic Astrocytoma Treatment Schema at Children’s Hospital of Orange 

County 

 

  
 
(Treatment modeled from A9952)  Maintenance Cycles 1-3 
 

Drug Route Dose Days Studies 

Carboplatin  (CB) IV 175 mg/m2/dose 0, 7, 14 and 21 a.  CBC w/diff/plts 
b.  Panel 18 
c.  Magnesium 

d.  MRI of Brain(Every 3 months) 
e.  Ophthalmology Evaluation (Every 6  months) 

VinCristine  (VCR) IV 1.5 mg/m2dose   
(0.05 mg/kg if < 12 kg) 
Maximum dose 2.0 mg 

0, 7 and 14 

Count Requirements to begin each Cycle:  ANC ≥ 1000/µL and Platelets ≥ 100,000/µL for a total of 8 cycles 
 

**Count Requirements for Days 7, 14 & 21:  ANC ≥ 500/µL and Platelets ≥ 50,000/µL  
**NOTE:  If ANC < 500/µL and/or Platelets < 50,000/µL, hold Carboplatin and repeat counts every 7 days.   

Resume @ 75% of full dose when count requirements have been met. 
 
Cycle #: 1 

Date Due Cycle Day  Date 
Given 

Carboplatin  VinCristine Studies/Comments 

 0    a, b, c, e 

 7**    a 

 14**    a 

 21**    a 

 28     

 35     

 41    d 

Start next cycle on day 42 or when count criteria have been met.  
 
Cycle #: 2 

Date Due Cycle Day  Date 
Given 

Carboplatin  VinCristine Studies/Comments 

 0    a, b, c, e 

 7**    a 

 14**    a 

 21**    a 

 28     

 35     

 41    d 
Start next cycle on day 42 or when count criteria have been met.  

 
Cycle #: 3 

Date Due Cycle Day  Date 
Given 

Carboplatin  VinCristine Studies/Comments 

 0    a, b, c, e 

 7**    a 

 14**    a 

 21**    a 

 28     

 35     

 41    d 

Start next cycle on day 42 or when count criteria have been met.  




