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Background

Growth differentiation factor 15 (GDF15), an inflammatory marker and mediator of adult cancer cachexia, remains largely unexplored in children. GDF15 increases nausea, vomiting, and anorexia in cancer and contributes to malnutrition, with the potential to be a cachexia therapeutic target. No studies have examined GDF15 in children with newly diagnosed cancer. Our pilot study compares GDF15 in children with newly diagnosed cancer to age- and sex-matched controls and correlates levels with anthropometric measurements and quality of life (QOL).





Methods

Children with newly diagnosed cancer aged 2-21 years were enrolled with serum GDF15 ELISA, anthropometric measures [height, weight, and mid-upper arm circumference (MUAC)], and QOL assessments (using PedsQL™ Core and Gastrointestinal Modules), which were collected at baseline and repeated 3 months later. Serum GDF15 levels were obtained from age- and sex-matched controls for comparison.





Results

A total of 57 participants enrolled (N=30, cancer group; N=27, control group) with a median age of 8.8 years (IQR 5.6-15.9 years). The participants were primarily male (54.4%), white (82.5%), and non-Hispanic (82.5%). Cancer diagnoses included acute lymphoblastic leukemia (N=8), lymphoma (N=8), neuroblastoma (N=5), soft tissue tumors (N=4), acute myeloid leukemia (N=2), and single participants with brain, kidney, and bone tumors. Baseline GDF15 was higher in the cancer cohort compared to the control cohort (median=614.6pg/mL and 320.5pg/mL, respectively; p<0.001). When examining participants with evaluable baseline and 3-month follow-up GDF15 levels (N=18), GDF15 was not statistically different (median=657.1pg/mL and 675.3pg/mL, respectively; p=0.702). A total of 13 of the 30 participants and 21 caregivers completed the PedsQL™ Core and Gastrointestinal symptom modules. QOL scores did not differ significantly at 3-month follow-up compared to baseline, but diarrhea worsened (p=0.017). Median participant response for diarrhea at baseline was 92.9 (IQR=92.9-96.4; N=13), which was significantly better than the follow-up (median=78.6; IQR= 71.4-92.9; p=0.017). There were no correlations between change in height, weight, or MUAC and change in GDF15 levels (p=0.351, 0.920, and 0.269 respectively).





Conclusion

GDF15 was elevated in children with cancer at diagnosis compared to controls but did not correlate with anthropometric measurements or QOL. This pilot study will inform future prospective studies to better describe the natural history of GDF15 and its role in cachexia and as a potential therapeutic target.
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Introduction

Cancer is the leading cause of non-accidental death in children in the United States (1). During cancer diagnosis and treatment, children often experience weight loss, which increases mortality and treatment-related side effects, including infection, neuropathy, pain, and impaired quality of life (QOL) (2–4). Early-age undernutrition can also potentially and irreversibly impair future growth and development (5).

Many children with cancer experience weight and muscle loss, and yet, pediatric cachexia remains underrecognized. Despite nearly half of children receiving enteral or parenteral nutrition supplementation during cancer treatment, malnutrition diagnoses remain much less common (6). The American Society of Clinical Oncology (ASCO) defines cancer cachexia in adults as the “loss of appetite, weight, and skeletal muscle” leading to “fatigue, functional impairment, increased treatment related toxicity, poor quality of life, and reduced survival” (7). Pediatric oncology lacks a similarly comprehensive definition of cachexia. The ASCO guidelines fail to account for expected growth in childhood and adolescents, or lack thereof, and physiologic changes with puberty (8–10). Age-appropriate and validated assessments of cachexia effects including measures of physical function, fatigue, and QOL are lacking in children (10, 11). The physiologic differences between adults and children and the unique cancer types and intense treatment in children necessitate specific pediatric-directed cachexia research (12–14).

GDF15, a member of the transforming growth factor beta (TGFβ) cytokine family, is released from multiple tissues upon cellular injury and is a sensitive yet non-specific marker of oxidative stress and inflammation (15, 16). In animal models, both cancer and chemotherapy increase circulating GDF15 levels and correlate with decreased food intake and weight loss (17). These same models demonstrate that GDF15 neutralization alleviates anorexia and weight loss (18, 19). Furthermore, GDF15 has been shown to play a role in cancer development and associate with prognosis in certain adult cancers (20). One study demonstrated that adults with low-grade gliomas and high expression of GDF15 had worse progression-free survival than tumors with low GDF15 expression (21). Additionally, in adult survivors of pediatric cancers, GDF15 appears to predict early anthracycline-induced cardiac toxicity, but no studies of GDF15 at childhood cancer diagnosis or during cancer therapy have been performed (22, 23). In children, investigation of GDF15 has been limited to mitochondrial, endocrine, and hematologic disorders. Despite inflammatory markers such as GDF15 coming under intense interest as potential mediators of cancer progression and cachexia, very little information exists on the role of GDF15 in pediatric cancer (20, 24).

Examining GDF15 specifically in childhood cancer is necessary because childhood cancer is biologically unique and distinct from adult cancers, treatment is more intense with specific long-term toxicities, and childhood cancer and its treatment differ mechanistically from other chronic childhood diseases of the mitochondria or muscle in which GDF15 has been studied (10, 11). To begin closing the knowledge gap around GDF15 in childhood cancer, we examined serum GDF15 concentrations in children newly diagnosed with cancer compared to a control group of children without cancer. We hypothesized that children with newly diagnosed cancer would have elevated GDF15 levels compared to the control group, that GDF15 would increase over time with the start of cancer-directed therapies, and that increased GDF15 would be associated with detrimental changes in anthropometric measures and QOL measures, particularly those related to gastrointestinal symptoms.





Methods




Study design

This pilot study was approved by the Institutional Review Board of Indiana University School of Medicine prior to initiation and conducted with ongoing monitoring and oversight. We aimed to enroll 104 participants (52 cancer and 52 non-cancer controls matched by age and biologic sex). Based on published data on children with cardiac conditions, we estimated 80% power to detect a mean of paired differences of 95.2pg/ml in GDF15, assuming a pooled SD = 233 and assuming the actual distribution of paired differences was normal with type I error = 0.05 (25). Due to COVID restrictions limiting visitors to the institution and research staff in-person time, the study was closed early after the enrollment of 57 individuals, with analysis performed based on the data obtained.

The potential participants were children of 2-21 years of age with newly diagnosed malignancy who were being treated at Riley Hospital for Children at Indiana University Health. Participants were eligible for enrollment after screening and reviewing of their medical record. All participants were identified by weekly oncology meetings of all newly diagnosed patients and approached if they had pathology-confirmed malignancy and had chemotherapy planned as part of their treatment at our institution. Baseline evaluation was conducted up to 3 days prior to the initiation of cancer-directed therapy (not including surgery). Individuals were excluded if they were previously diagnosed or treated for cancer, mechanically ventilated, had enteral or parenteral nutrition supplementation prior to enrollment, comorbidities affecting ingestion, digestion, or absorption of food, or if pregnant or nursing. Participants were also excluded if they or their caregiver were unable to read, write, or speak English, due to not having surveys available in languages other than English. A prior diagnosis of inflammatory or cardiac condition was also an exclusion criterion due to the possibility of GDF15 being elevated in such conditions. Once enrolled, a baseline whole blood sample was collected within 3 days prior to the start of chemotherapy, drawn concurrently with other standard-of-care labs. GDF15 measurement was repeated at 3 months following enrollment.

Following an enrollment for a participant with cancer, a non-cancer sex-matched control with a matched age of +/- 2 years was identified utilizing our institution’s outpatient radiology imaging schedule. Control individuals meeting the inclusion criteria were approached prior to intravenous access being obtained for the sedated magnetic resonance imaging (MRI) study. Individuals in the control group were excluded if they were prescribed chronic anti-inflammatory medications (non-steroidal anti-inflammatory medications, steroids, immune-suppressing agents, etc.), had a previous diagnosis of cancer, or if they had concurrent diagnosis of inflammatory or cardiac condition.





GDF15 processing and ELISA

Whole blood samples were collected in a 6mL purple-top tube with immediate inversion. The tube was stored upright for 60 minutes at room temperature prior to centrifuging at 1,000xg at 4 degrees for 15 minutes. Serum was aliquoted into cryovials, deidentified and labeled, then stored at -80°C. Samples were stored until enough samples were collected to fill a plate. GDF15 was quantified using the Human GDF15 Quantikine ELISA Kit (R&D Systems, Minneapolis, MN), and quality control samples were assessed with Quantikine Immunoassay Control Group 4 according to the instructions provided by the manufacturer.





Anthropometric and QOL assessments

At the time of enrollment, participants in the cancer group were evaluated by one of two registered dietitians with specific pediatric oncology training and expertise. Weight, height, and MUAC were collected in accordance with age-appropriate assessments in standardized fashion as part of routine medical care. Centers for Disease Control (CDC) and World Health Organization (WHO) normative data were used to convert values to standardized z-scores for age and biologic sex (26, 27).

A member of the study team distributed the Pediatric Quality of Life Inventory™ (PedsQL™) 4.0 Generic Core Scale and 3.0 Gastrointestinal Symptoms Module for completion by the caregiver and/or child as appropriate. Each module is composed of individual components, with the total module score being the sum of each individual component score. The Generic Core Module includes the following components: physical functioning; emotional functioning; social functioning; and school functioning. The Gastrointestinal Symptom Module includes the following components: stomach pain and hurt; stomach discomfort with eating; food and drink limit; trouble swallowing; heart burn and reflux; nausea and vomiting; gas and bloating; constipation; blood in stool; and diarrhea. PedsQL™ assessments have been widely used and validated in multiple pediatric studies of varying conditions, including childhood cancer (28, 29). PedsQL™ was tabulated and scored by a member of the research staff, with higher scores corresponding to better QOL (lower problems). At the baseline assessment and 3-month follow-up, caregivers and participants were asked to complete both PedsQL assessments. The assessment was completed by whomever was the primary caregiver for the participant at the time of evaluation provided they were a legal representative for the minor. If either refused or was unable to complete based on medical condition, these participants were not excluded from analysis, but QOL data were missing for that time point.





Statistical methods

Baseline characteristics were summarized as means and standard deviation, frequencies and percentages, and median, 25th, and 75th percentiles, as appropriate. A chi-square test or Fisher’s exact test, two-sample t test, or Wilcoxon rank-sum test was conducted to compare categorical and continuous characteristics of the participants between the cancer group and control group. The ICD10 codes for diagnoses were collected and grouped into the following clinically meaningful diagnosis categories: acute lymphoblastic leukemia, acute myeloid leukemia, lymphoma, neuroblastoma, soft tissue tumors, kidney tumors, brain tumors, or bone tumors. This grouping aimed to reflect similarities in treatment (cycle lengths, chemotherapy drugs used, surgical resection, etc.). The Kruskal–Wallis test was used to compare GDF15 between different diagnosis categories. Wilcoxon signed-rank tests were conducted to compare the difference at baseline between the age- and biological sex-matched cancer group and control group and the changes from baseline to the 3-month follow-up in the cancer group. p<0.05 was considered statistically significant. Statistical analyses were performed using SAS, Version 9.4.





Missing data

Samples were excluded from analysis if they demonstrated gross hemolysis when attempting to separate the serum from whole blood (N=1 in control group and N=1 in the cancer group baseline). Hemolyzed samples were identified by the inability to calculate GDF15 and manual examination of the sample by a member of the study team. All participants were included in the reporting of the baseline assessments. For the follow-up assessment, only 18 participants completed the 3-month assessment time point due to continuing treatment at another pediatric cancer center (N=1), hemolyzed sample (N=2), death (N=1), or being unavailable within the specified time point window (N=8).






Results




Demographic information

A total of 57 participants were enrolled, with 30 in the cancer group and 27 in the control group. Demographic information is provided in Table 1. The median age at enrollment (cancer diagnosis) among the cancer group was 10.7 years (IQR = 5.1-16.1 years). The control group had a median age of 7.9 years (IQR = 5.8-15.9 years), without statistical difference in the demographic or anthropometric characteristics between the two groups. Participants were primarily male (54.4%), white (82.5%), and non-Hispanic (82.5%). The demographic characteristics were reflective of overall demographics at our pediatric cancer center and included many of the diagnoses at highest risk for malnutrition, based on the literature (6, 30).


Table 1 | Baseline participants’ demographic information overall and by study arma.



The most common diagnosis categories were acute lymphoblastic leukemia (ALL) and lymphoma (N=8; 26.7% each), followed by neuroblastoma (N=5; 16.7%) and soft tissue tumors (N=4; 13.3%). Two participants had acute myeloid leukemia (AML), and there was a single participant each with brain tumor, kidney tumor, and bone tumor. With respect to treatment, 23.3% of participants received surgery beyond biopsy, and all participants received chemotherapy (100%) (Table 1). No one underwent stem cell or bone marrow transplantation during the study period. Eighteen participants and caregivers completed the follow-up survey regarding additional treatment characteristics around nutritional support (Table 1). Few patients received intravenous (IV) nutrition (N=2, 11.1%) or appetite stimulants (N=1, 5.6%), but 42.1% received some form of enteral nutrition supplementation (N=8).





GDF15

Median GDF15 was higher in the cancer group (N=29) at baseline (median = 614.6 pg/mL, IQR = 420.4-774.2 pg/mL) compared to the control group (N=26; median = 320.5 pg/mL, IQR = 276.6-384.1 pg/mL; p<0.001) (Figure 1). When comparing the cancer participant to their own age- and sex-matched control, the median levels for the group were also significantly different (p<0.001). For participants in the cancer group with both pre-treatment baseline levels and 3-month treatment levels, there was no statistical difference in GDF15 between time points (p=0.702, Table 2). The 3-month follow-up GDF15 remained elevated compared to the control baseline values (p<0.001). There was no statistical difference in median GDF15 based on specific tumor type (Figure 2), although the study was not powered to detect a difference between specific diagnoses (p=0.150). Treatment details, including vital status at the time of study completion, for participants with pre-treatment and 3-month follow-up assessments are shown in Table 3.




Figure 1 | GDF15 by group. Median GDF15 was higher in the cancer group (N=29) at baseline (median = 614.6 pg/mL, IQR = 420.4-774.2 pg/mL) compared to the control group (N=26; median = 320.5 pg/mL, IQR = 276.6-384.1 pg/mL; p<0.001).




Table 2 | Comparison of GDF15 in participants with cancer at both baseline and 3-month follow-upa.






Figure 2 | GDF15 based on diagnosis category. Median GDF15 level [IQR] for bone tumors (N=1, 861pg/mL), brain tumor (N=1, 375.1pg/mL), kidney tumor (N=1, 604.2pg/mL), acute myelogenous leukemia [AML, N=2, 1420.8pg/ml (445.3-2396.3pg/mL)], soft tissue tumor [N= 4, 481.3 pg/mL (411.1-595.2pg/mL)], neuroblastoma [N=5, 774.2pg/mL (763.2-1452.4pg/mL)], lymphoma [N=8, 427.8pg/mL (381.6-624.1pg/mL)], and acute lymphoblastic leukemia [ALL, N=8, 590.6pg/mL (406.7-819.1pg/mL)].




Table 3 | Case description of participants with pre-treatment and 3-month follow-up completed.







Anthropometric and quality-of-life metrics

All participants in the cancer group had height, weight, and MUAC data recorded at baseline and 3-month follow-up. There were no correlations between change in height, weight, or mid-upper arm circumference and change in GDF15 levels (p=0.351, 0.920, and 0.269 respectively). We found no statistically significant correlation between GDF15 and height-for-age (HAZ), weight-for-age (WAZ), or mid-upper arm circumference z-scores (MUACZ) at either baseline or 3-month follow-up for the children with cancer (Supplementary Table).

A total of 13 of the 30 participants and 21 caregivers completed the PedsQL™ Core and Gastrointestinal symptom modules. The mean participant PedsQL™ Core QOL Score at baseline was 63.80 (SD = 16.19, N=13) compared to 65.10 (SD=19.03, N=13) at 3-month follow-up (p=0.84), which was similar to the caregiver reports of PedsQL™ Core QOL at baseline (mean =64.24; SD=20.84; N=21) and 3-month follow-up (mean = 68.46; SD=18.44; N=21). The data are included in the supplementary information. With regard to the gastrointestinal symptom module, there was no statistical difference in the participant total gastrointestinal symptom score at baseline (mean=78.80; SD=12.18; N=13) compared to 3-month follow-up (mean=73.74; SD=16.51; N=13; p=0.30). The caregiver total gastrointestinal symptom scores were also similar at baseline (mean=74.31; SD=14.30; N=21) compared to follow-up (mean=74.79; SD=16.36; N=21; p=0.90). The only statistically different gastrointestinal component was the diarrhea subscale for participants. The scores were not normally distributed, and the diarrhea median score at baseline was 92.86 (IQR=92.86-96.43; N=13), which was significantly better than follow-up (median=78.57; IQR= 71.43-92.86; p=0.02) (Table 2).






Discussion

This study represents a novel investigation into GDF15 levels in childhood cancer. GDF15 is a known mediator of cancer cachexia in adults. To our knowledge, this is the first investigation of GDF15 levels in children with cancer with age- and sex-matched controls in the setting of newly diagnosed cancer and cancer-directed therapy (23, 25, 31). This pilot study is an important first step toward evaluating the role of GDF15 in childhood cancer cachexia and its potential as a cachexia therapeutic target (10).

Our study found higher levels of GDF15 in children with cancer compared to the controls (p<0.001). The baseline measurements likely reflect the increases in GDF15 caused by tissue damage to the body caused by cancer itself as GDF15 is released, non-specifically, as a result of tissue injury. Children with cancer are particularly vulnerable to chemotherapy-induced nausea, vomiting, and anorexia, and elevations of GDF15 may predict patients with higher rates of gastrointestinal symptoms, muscle loss, and weight loss, as has been seen in adult cancers such as pancreatic cancer (32). Neutralizing GDF15 has shown good promise in alleviating cachexia symptoms and could represent a target for targeting symptoms in children with cancer (17–19). Elevated GDF15 is an early marker of anthracycline-induced cardiac dysfunction in survivors of pediatric cancers and a predictor for all-cause mortality in children with congenital heart disease, and this pilot data suggest that the earlier study of inflammatory markers such as GDF15 in children undergoing cancer treatment may be warranted (23).

The normal range of GDF15 in “healthy” children is difficult to characterize because GDF15 is a novel, inflammatory biomarker with little normative data. In fact, the median value for the non-cancer children in our study was 320 pg/ml, considerably lower than the fiftieth percentile published in a healthy adult study for individuals less than 30 years old (537 pg/mL), and normal values continue to increase with age (33). Furthermore, there are very little existing data on GDF15 levels in children with cancer, let alone based on individual cancer diagnoses. Here, we report lower median levels in healthy children compared to children with cancer at diagnosis and 3-month follow-up. Our data also demonstrate a normal distribution of GDF15 in the control population, while the children with cancer showed significant skew toward higher GDF15 levels, but additional study to better characterize GDF15 in healthy children is needed. It is also essential to understand the temporal nature of GDF15. While the current study utilized a single measurement at baseline and a single measurement 3 months later, the chronic elevation of GDF15 seen in the cancer cohort compared to the control necessitates further investigation into the temporal relationship of GDF15 elevations to chemotherapy administration and the changes in GDF15 over time (17). It may be that there are acute spikes following chemotherapy administration, as was seen with cisplatin administration in animal models, which we failed to detect given that there were only two time points (17, 34).

Although no data exist on longitudinal changes in GDF15 in children with cancer, children with sickle cell disease (a chronic inflammatory condition) experience elevated GDF15 chronically with acute-on-chronic elevations of GDF15 during times of hemolytic crisis (31). Based on the hypothesis that cancer acts as a chronic inflammatory condition with acute changes (or exacerbations) as a result of illness or chemotherapy administration, we had hypothesized that treatment with cancer-directed therapy would similarly result in higher GDF15 levels at 3 months compared to baseline. We particularly believed that administration of chemotherapy would increase values. Other treatment-related complications associated with inflammation such as fever, infection, or malnutrition itself may also result in GDF15 elevation, thus requiring future study for each of these specific risk factors. Certain anti-inflammatory interventions, such as steroids, may also affect GDF15 levels and necessitate further study.

We also evaluated the relationship between GDF15 and anthropometrics. We found no statistical association between WAZ, HAZ, or MUACZ and GDF15 levels nor associations with changes in z-scores in these measures in children over time with the change in GDF15. While we hypothesized that GDF15 would correlate with WAZ, HAZ, or MUACZ, very few participants (N=3) experienced a clinically significant change in z-score (z-score change ≥ 1) over the 3-month study period, which precluded us from identifying a correlation between the change in anthropometrics and change in GDF15. Body composition changes as children progress through puberty, suggesting the ideal measurements should quantify fat and muscle mass rather than extrapolate body composition through HAZ, WAZ, or MUACZ (35, 36). Despite the significant literature on muscle wasting in GDF15 in adults with cancer, very little data exist on muscle and fat mass for children with cancer during treatment, emphasizing the need to use novel body composition assessments, GDF15 levels, and correlation with physical function and QOL in children (37). Additionally, BMI and other anthropometric measures become less reliable with increases in adiposity (such as obesity) or in muscle loss (such as sarcopenia or myopenia) (38). Each of these factors, in addition to the low number that experienced clinically significant weight loss, likely fail to reflect the true nature of muscle loss and body composition changes in the heterogenous population included in the pilot. In fact, the use of air-displacement plethysmography has grown increasingly popular to assess body composition given no radiation exposure, high reliability, and ease of analysis and would be an ideal tool to obtain more accurate measurements of changes in children undergoing cancer treatment (39).

To determine if GDF15 levels correlated with changes in QOL, we used the PedsQL™ core and gastrointestinal symptoms modules. We did not see a significant change in participant PedsQL™ scores comparing baseline to follow-up in either the core module (p=0.84) or gastrointestinal total score (p=0.30), and the same was true for the caregiver surveys. Children, especially younger, had a difficult time completing the assessments (43%), but almost twice as many caregivers completed the surveys (70%). The PedsQL™ is designed to be completed by children as young as 2 years old, but at the time of a new cancer diagnosis and subsequent clinic evaluations, we found considerable healthcare-associated anxiety and physical symptoms of pain, nausea, and vomiting, etc., that precluded children from completing QOL measures. At times, parents also reported being unable to complete the surveys due to concerns for their child or other competing interests: discussion of treatment consents, children feeling too ill to complete the surveys, or having significant treatment-related educational time. A higher proportion of parent-completed surveys may be indicative of parents attempting to regain a sense of control and record their child’s symptoms and thus work toward alleviating them, which is supported by literature (40, 41).

The one subscale that did demonstrate a statistical difference was the participants’ perception of diarrhea. The other recorded measures from the participants and parents are included in the Supplementary Material. At the 3-month follow-up, participants rated diarrhea worse (median = 78.57, IQR=71.4-92.86) than at baseline (median =92.86, IQR=92.86-86.43; p=0.02). GDF15 is well known to be an inflammatory marker, but the causality or association with diarrhea is difficult to assess, especially since diarrhea is a known toxicity of many cancer-directed therapies, but knowing that GDF15 is released from tissue injury, more temporal examination of GDF15 levels in times of mucositis, acute diarrhea, or dehydration would be key to understanding the relationship with other gastrointestinal symptoms. While PedsQL™ is a validated assessment tool for participant and caregiver QOL, it likely will not detect specific effects of GDF15 elevation because symptoms can be affected by chemotherapy, overall disease status, and other clinical factors.





Limitations

This study has important limitations. First, the participants included in this study were heterogeneous in age and diagnoses. We chose this approach intentionally as this was an initial pilot study to signal whether further investigation of GDF15 is warranted. Now that we have documented increased GDF15 in children with cancer, future study of specific patterns in individual diagnoses and more longitudinal assessment appear to be warranted. To account for multiple confounding variables, the ideal study design would be to select tumor types with high levels of GDF15 expression or demonstrated high levels of circulating GDF15 in order to eliminate diagnosis or treatment regimen as confounding variables. In pediatric oncology, treatments are highly standardized based on disease type, so this approach could be utilized across multiple institutions as pediatric cancers are more rare than adult cancers. Obtaining multiple, longitudinal GDF15 values would better characterize the natural history of GDF15, and correlating these changes with air-displacement plethysmography would offer a more detailed description of body composition. Additionally, recent research has demonstrated multiple different variants of GDF15 with similar bioactivity, but these may be under-detected by certain immunoassays (42). While our pilot study utilized a single detection method, future studies to validate GDF15 as a therapeutic target would benefit from multiple and more sensitive screening analyses, including GDF15 expression in tissue and circulating in the blood or cerebrospinal fluid.

Second, the primary objective of the study was to detect a difference in GDF15 between participants with cancer compared and a control group, but it was not powered to find potential small differences in anthropometrics or QOL measures, and we had small number of participants. We found only minimal changes in anthropometric and QOL measures; thus, future studies need to examine more closely the relationship of treatment with muscle mass and fat mass, which have been shown to alter the metabolism of cancer-directed therapy. We aim to use this pilot data to support further targeted studies with physical performance and body composition measurement. Novel investigation of air-displacement plethysmography seems the ideal modality for detailed quantification of fat and muscle mass necessary for a better understanding of anthropometrics and physical function.

Finally, the study was designed to measure GDF15 at only two time points, prior to the initiation of chemotherapy and prior to the cycle at 3-months follow-up. Additional and longitudinal examination of GDF15 levels, including before and after cycles of chemotherapy, will be vital in assessing whether GDF15 rises and falls in waves associated with the administration of therapy and particularly chemotherapeutic agents such as cisplatin which have demonstrate chronic and acute on chronic elevation of GDF15 in animal models. Examining GDF15 level differences based on intravenous chemotherapy, oral targeted therapies, radiation, and other treatments will better characterize patients and risk and tailor targeted intervention for gastrointestinal toxicities secondary to elevated GDF15 in the future.





Conclusion

In summary, we found higher GDF15 levels in children with cancer, with persistent elevation at the 3-month follow-up time point compared to the non-cancer controls. This research is foundational for future studies to examine diagnosis- and treatment-specific patterns of GDF15 in children with cancer in order to determine treatments for childhood cancer cachexia.
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QOutcome Baseline Median 3-Month Follow-up Median

(25th, 75th percentiles) N (25th, 75th percentiles) N
GDF15 (pg/mL) 657.1 6753 0.702
(4315, 975.4) (4425, 1274.0)

N=18 N=18

PedsQL™ Patient Assessment®
92.9 78.6 0.017

Gastrointestinal symptom (Diarrhea) (929, 96.4) (714, 92.9)

N=13 N=13

*Participants without 3-month follow-up value were excluded from this analysis.
®P-value is based on the Wilcoxon signed-rank test.

“Significant score for core and gastrointestinal symptoms scales. All other non-significant variables not shown in table but included in supplementary materials.





OEBPS/Images/table3.jpg
Diagnosis Treatment?® Treatment Intensity Status at Baseline GDF15 A AZ-

Rating Data Analysis (pg/ml) GDF15  score
AALL1732 i
ALL Chemotherapy b 2 Alive 1255.1 -1008.1 116
AALL1731
ALL 2 Ali 975.4 -581.8 0.2
Chemotherapy * e 2
AALL1732
i 276.. £ .
ALL Chemotherapy b 3 Alive 76.3 997.6 0.08
AALL1732
ALL b 3 Alive 662.9 31315 -0.16
Chemotherapy
|
AALL1731
ALL 2 Ali 431.5 3599.6 -0.21
Chemotherapy * e o
ALL AdLL1732 3 Ali 5282 4700.8 0.36
ive % X .
Chemotherapy ® &
AAMLI1831
AML B 4 Alive 2396.3 -1886 0.3
Chemotherapy
Bone tumor AEWSI1221 5
(Bwing sarcoma) Chemotherapy ® 3 Deceased 4018 7 08
Brain tumor CCG9952A 3
3 Alive 375.1 -3.8 -0.43
(low grade) Chemotherapy
Lymphoma $1826 Chemotherapy” 3 Alive 867.3 -460.6 0.4
AHODO0031
L h 2 Ali 614.6 -9.6 0.84
TERIOME Chemotherapy™* e
AHODO0031
L h 2 Ali 412.4 50.7 -0.02
ymphoma Chemotherapy™* e
ANBL1531
Neuroblastoma . 4 Deceased* 21326 -894.6 0.8
Chemotherapy*
ANBL1531
N 4 Ali 1452 -536.. -2.4
euroblastoma Chemotherapy® ive 524 5363 63
ANBL1531 "
Neuroblastoma Chemotherapyb‘ 4 Alive 763.2 -204 -0.83
ANBL1531
Neuroblastoma o 4 Alive 651.2 100.8 -141
Chemotherapy®
ANBL1531
N la: 4 Ali 774.2 1699.3 -0.1
euroblastoma ChiptEEP ive 7 699. 0
Soft tissue sarcoma AEWS1221° 3 Alive 648.3 97.2 0

“Treatment experienced during the 3-month study period. Treatment protocol listed; ALL= acute lymphoblastic leukemia; AML = acute myeloid leukemia.
*Doxorubicin- or Daunorubicin-containing chemotherapy regimen.

“Cisplatin-containing chemotherapy regimen.

dCause of death related to disease progression.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1295228-g002.jpg
GDF15 by Diagnosis Category

2500-

2000-
=1 1500-
E
o)
= 1
N
-—
a
S 1000-

500- EE%E}
0 o
) 4 <, ) 4, < b/
OOQ ‘9/6 /% o @( O)} ”~ L "O }0)’0 <<
Q/ .L, /‘90 4 60
2 P (7 ¢, £ 2
o/' O,, (o) e [0 ,o Q
//011’ i 0)0 0)19
9 &
o
&

Diagnosis Category





OEBPS/Images/table1.jpg
Study Arm

Overall Cancer Group Healthy Control Group
Variable N=57 N=30 N=27 p-value®
Age 8.8 (5.6, 15.9) 10.7 (5.1, 16.1) 7.9 (5.8, 15.9) 0.626
Age 0.889
- < 10 years 29 (50.9%) 15 (50.0%) 14 (51.9%)
- >= 10 years 28 (49.1%) 15 (50.0%) 13 (48.2%)
Sex 0.866
- Female 26 (45.6%) 14 (46. 7%) 12 (44.4%)
- Male 31 (54.4%) 16 (53.3%) 15 (55. 6%)
Race 0.329°
- Asian 2 (3.5%) 2 (6. 7%) 0 (0.0%)
- Black or African American 5 (8.8%) 4 (13.3%) 1 (3.7%)
- Unknown 3 (5.3%) 1 (3.3%) 2 (7.4%)
- White 47 (82.5%) 23 (76. 7%) 24 (88. 9%)
Ethnicity 0.885°
- Hispanic or Latino 5 (8.8%) 3 (10.0%) 2 (7.4%)
- Not Hispanic or Latino 47 (82.5%) 25 (83.3%) 22 (81.5%)
- Unknown 5 (8.8%) 2 (6. 7%) 3 (11.1%)
Height (cm) 136.0 + 30.4 1394 +31.4 1322 £29.3 0.324¢
I Height-for-Age Z-score 0.1+ 1.0 03 +08 -0.1£12 0.139
Weight (kg) ‘ 43.1 £26.0 43.5 +27.7 42,6 £24.6 0.917¢
‘Weight-for-Height Z-score 0.1+25 -0.6 £29 1.0+1.3 0.110¢
Mid-upper Arm Circumference (cm) 22167 221%6.7 N/A N/A
MUAC Z-score 0.5+ 1.1 -0.5+ 1.1 N/A N/A

Treatment: Surgery
- Received 7 (23.3%)
- Did not Receive 23 (76.7%)

Treatment: Chemotherapy

- Received 30 (100.0%)
Treatment: Stem Cell Therapy

- Did not Receive 30 (100.0%)

On IV Nutrition?

- No 15 (83.3%)

- Unsure 1 (5.6%)

- Yes 2 (11.1%)

Receive Any Appetite Stimulants? ‘
- No 17 (94.4%)
- Yes 1 (5.6%)

Receive Any Nutrition Supplements?

- No 11 (57.9%)
- Yes 8 (42.1%)

*Values expressed as n (%), mean + standard deviation, or median (25™, 75™ percentiles). N/A, Not applicable.

®p.value comparisons across study arms are based on chi-square test for categorical variables; p-values for continuous variables are based on two-sample t test.
“Indicates using Fisher exact test.

9Indicates using Wilcoxon rank-sum test.





