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Abstract

Background: Hodgkin lymphoma (HL) survivors experience neurocognitive impairment despite 

receiving no central nervous system-directed therapy, though little is known about underlying 

mechanisms.
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Methods: HL survivors (n=197) and age-, sex- and race/ethnicity-frequency-matched community 

controls (n=199) underwent standardized neurocognitive testing, and serum collection. Luminex 

multiplex or ELISA assays measured markers of inflammation and oxidative stress. Linear 

regression models compared biomarker concentrations between survivors and controls and with 

neurocognitive outcomes, adjusting for age, sex, race, body mass index, anti-inflammatory 

medication, and recent infections.

Results: HL survivors (mean[SD] current age 36[8] years, 22[8] years post-diagnosis) 

demonstrated higher concentrations of interleukin-6 (IL-6), high-sensitivity c-reactive protein 

(hs-CRP), oxidized low-density lipoprotein, and glutathione peroxidase (GPx), compared to 

controls (p’s<0.001). Among survivors, higher concentrations of IL-6 were associated with 

worse visuomotor processing speed (p=0.046). hs-CRP ≥3 mg/L was associated with worse 

attention, processing speed, memory, and executive function (p’s<0.05). Higher concentrations 

of malondialdehyde were associated with worse focused attention and visual processing speed 

(p’s<0.05). Homocysteine was associated with worse short-term recall (p=0.008). None of these 

associations were statistically significant among controls. Among survivors, hs-CRP partially 

mediated associations between cardiovascular or endocrine conditions and visual processing 

speed, while IL-6 partially mediated associations between pulmonary conditions and visuomotor 

processing speed.

Conclusions: Neurocognitive function in long-term survivors of HL appears to be associated 

with inflammation and oxidative stress, both representing potential targets for future intervention 

trials.

Introduction

An estimated 30-40% of long-term survivors of childhood cancer not exposed to central 

nervous system- (CNS) directed therapy experience neurocognitive impairment.[1] Hodgkin 

lymphoma (HL) is the most common childhood cancer treated without CNS-directed 

therapy and survivors of HL are more likely to self-report impaired attention and memory 

compared to siblings: up to 30% of HL survivors are impaired on neurocognitive tests 

of memory and attention.[2, 3] However, the biological mechanisms of neurocognitive 

impairment in survivors treated without CNS-directed therapy are poorly understood.[4] 

Identifying these mechanisms will inform the development of targeted interventions, both 

preventive and restorative.

The etiology of neurocognitive impairment in long-term survivors is likely multifactorial 

and may be facilitated by chronic low-grade inflammation and oxidative stress.[5] Studies in 

animal models and among persons with cancer indicate that chemotherapy and radiation 

activate inflammatory and oxidative stress pathways, which are associated with worse 

neurocognitive function during and shortly after exposure.[5-10] Peripheral inflammation 

can increase the permeability of the blood brain barrier, increasing brain exposure to pro-

inflammatory cytokines and activating microglia. This process results in neuroinflammation, 

decreased neurogenesis, and ultimately neurocognitive impairment.[8, 11, 12] Accumulation 

of reactive oxygen species can lead to lipid peroxidation, protein oxidation, impaired folate 

physiology, DNA damage, and increased inflammation (e.g. TNF-α), which can ultimately 

lead to neuronal damage and neurocognitive impairment.[5, 13] Little is known about 
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the concentrations of these markers or their associations with measures of neurocognitive 

function in survivors of childhood cancer treated without CNS-directed therapy.

Long-term survivors of childhood cancer have a high-burden of chronic health conditions 

which are associated with impaired neurocognitive functioning. [14, 15] Specifically, we 

have previously demonstrated that treatment-related cardiopulmonary disease is associated 

with neurocognitive impairment in survivors of childhood HL[2, 3, 16]. Inflammation, 

oxidative stress, and endothelial damage are associated with cardiopulmonary disease in the 

general population, suggesting they are a potential mechanism by which cardiopulmonary 

disease affects neurocognitive function.[17, 18] However, little is understood about how 

inflammation, oxidative stress, and endothelial damage may contribute to the association 

between cardiopulmonary conditions and neurocognitive function in survivors of childhood 

cancer.

This study aimed to evaluate biomarkers of inflammation, oxidative stress, and endothelial 

damage and their associations with neurocognitive function in long-term survivors of 

childhood cancer not exposed to CNS-directed therapies. Survivors of HL were chosen 

due to successful non-CNS-directed treatments and a high burden of morbidity and 

excess mortality among survivors.[19-21] We hypothesized HL survivors would have 

higher concentrations of inflammatory, oxidative stress, and endothelial damage biomarkers 

compared to community controls, and that these would be associated with worse 

neurocognitive functioning. We also hypothesized biomarkers would partially mediate the 

association between cardiopulmonary disease and neurocognitive dysfunction.

Materials and Methods

Participants

Survivors of HL were recruited from the St. Jude Lifetime Cohort (SJLIFE)[22] to an 

ancillary protocol (R01CA174794).[16] SJLIFE is a dynamic longitudinal cohort established 

to facilitate prospective assessment of health outcomes among long-term childhood cancer 

survivors. Survivors are eligible to enroll in SJLIFE once they at least five years post-

diagnosis, and biospecimen or assessment data is not available at diagnosis. For this 

ancillary protocol, eligibility included treatment with thoracic radiation <21 years of age, 

currently ≥18 years old, and ≥10 years post-diagnosis. Exclusion criteria included cranial 

radiation, intrathecal or high-dose antimetabolite chemotherapy (rare in pediatric HL), 

history of head injury, genetic neurologic/heart disorder associated with neurocognitive 

impairment but not HL, and current pregnancy. Survivors who relapsed remained eligible, 

however those who underwent autologous stem cell transplant were ineligible. Non-cancer 

community controls were recruited from the survivor’s network or the Memphis, TN area 

(where St. Jude Children’s Research Hospital is located).[22] Controls were frequency 

matched (1:1) on age (+/−5 years), sex, and race/ethnicity. Survivors and controls were 

recruited between 2013 and 2017. Of the 204 HL survivors and 205 controls who completed 

the protocol, 197 and 199, respectively, had stored serum samples available and were 

included in these analyses (Supplemental Figure 1). This study was conducted in accordance 

with U.S. Common Rule and other ethical guidelines (e.g. Declaration of Helsinki); it 
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was approved by the institutional review board and participants provided written informed 

consent.

Procedures

Participants completed a neurocognitive assessment including tests of intelligence/

academics[23], attention[24, 25], processing speed[26, 27], memory[28, 29], and executive 

function.[24] Scores were referenced to national normative data to generate age-adjusted 

Z-scores. Within 3 days of neurocognitive testing, participants had a physical examination, 

laboratory, echocardiography, and pulmonary function testing.[22, 30]

Fasting blood samples were processed and serum stored in 0.5mL aliquots at −80° Celsius. 

We designed a panel of inflammatory, oxidative stress, and endothelial markers based 

on reported associations with neurocognition in cancer and non-cancer populations.[10, 

31-36] Markers of inflammation included high sensitivity c-reactive protein (hs-CRP), 

interleukin-6 (IL-6), interferon gamma (IFN-ɤ), and tumor necrosis factor alpha (TNF-α); 

oxidative stress markers included homocysteine, oxidized low density lipoprotein (OxLDL), 

malondialdehyde, and glutathione peroxidase (GPx); cardiac endothelial damage markers 

included N-terminal-pro hormone brain natriuretic peptide (NTproBNP), Troponin I, and 

Troponin T. Absolute lymphocyte and platelet counts were included as markers of immune 

function and inflammation. hs-CRP was measured using a quantitative immunoturbidimetry 

assay and homocysteine was measured using a quantitative enzymatic assay at ARUP 

laboratories (Salt Lake City, UT). All other assays were completed by the CLIA licensed 

Cytokine Reference Laboratory (University of Minnesota) on Luminex multiplex or ELISA 

platforms (Supplemental Methods).

Participants self-reported demographics, smoking status, recent infections (within two 

weeks, e.g. sinus infection) and current medication (non-steroidal and steroidal anti-

inflammatory medications; e.g., ibuprofen, prednisone). A stadiometer measured height 

and an electronic scale measured weight to calculate body mass index (BMI; kg/m2). 

Treatment history including chemotherapy (cumulative doses), surgical procedures, and 

radiation (fields/doses) was abstracted from medical records. Chronic health conditions 

(CHC) were graded using the SJLIFE-modified version of the National Cancer Institute’s 

Common Terminology Criteria for Adverse Events version 4.3.[37] We considered five 

composite groups of grade 2+ CHC: 1) vascular (hypertension or dyslipidemia), 2) cardiac, 

3) pulmonary, 4) endocrine, and 5) neurologic conditions [16].

Statistical Analyses

Biomarker values falling below the lower limit of detection (<LLOD) were imputed 

from a uniform distribution, U(0, LLOD). The process was repeated 20 times (multiple 

imputation, n=20) [34] for each biomarker. MIANALYZE procedure was used to summarize 

the parameter estimates from 20 independent analyses. Notably, >90% of the samples 

were <LLOD for INF-ɤ and NT-proBNP, therefore these biomarkers were excluded from 

analyses. All analyses were completed using SAS 9.4 (SAS Institute, Cary, N.C.) and 

MPLUS version 7.11 (MUTHEN & MUTHEN, Los Angeles, CA). All tests were two sided 

and considered statistically significant at p<0.05.
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Linear regression compared natural-log-transformed values of biomarker concentrations in 

survivors and controls, adjusting for a priori identified potential confounders including age 

at evaluation, sex, race, BMI, current anti-inflammatory medication use (yes/no), and recent 

infection.[38, 39] Linear regression models among the survivors examined associations 

between treatment exposures and log-transformed biomarkers, adjusted for the same 

covariates. To enhance clinical significance, only neurocognitive outcomes where survivors 

performed significantly worse than controls after adjustment for multiple comparisons were 

examined (See Phillips et al [16] and Supplemental Table 1). We converted biomarker 

concentrations to tertiles derived from the control distribution, except for hs-CRP where the 

clinically validated cut point of 3 mg/L was used[18]. Mean differences in neurocognitive 

z-scores across the three tertiles of biomarker concentrations were compared using linear 

regression models adjusted for the covariates noted above and were repeated in controls for 

reference.

Because the mechanism underlying cancer-related neurocognitive impairment is unclear 

and involves several biomarkers, in secondary analyses we used elastic net variable 

selection[40] to evaluate multiple biomarkers simultaneously, aiming to identify the most 

important predictors of neurocognitive function. This approach of variable selection is robust 

to extreme correlations among predictors and avoids the potential problem of multiple 

testing issues in choosing the most parsimonious model. Among Hodgkin lymphoma 

survivors only, the GLMSELECT procedure was used for variable selection using elastic 

net for each of 20 imputed datasets. Parameters selected more than 70% (n=14) of the 

time were included into a final model. Linear regression (GENMOD procedure with 

normal distribution and identify link function) was then conducted using 20 datasets and 

MIANALYSE was used to summarize parameter estimates.

Based on preliminary observations that neurocognitive outcomes in HL were associated 

with smoking and cardiopulmonary disease[2, 3, 16], we aimed to examine if biomarkers 

mediated these associations. These analyses were considered exploratory given the small 

sample size and cross-sectional nature of our data. Among Hodgkin lymphoma survivors 

only, structural equation modeling explored mediation for any association where 1) current 

smoking or grade 2+ CHC was associated with the neurocognitive outcome, 2) biomarker 

was associated with the neurocognitive outcome, and 3) current smoking or grade 2+ 

CHC was associated with the biomarker. These analyses were considered exploratory and 

hypothesis generating, therefore we report associations statistically significant at p<0.10. 

IL-6 was the only imputed biomarker where significant mediation was observed, however, 

there was no variability in effect estimates across 20 imputed data sets and the results of one 

randomly chosen dataset are reported.

Data Sharing Statement:

Additional data on the biomarker assays used is available in the supplemental methods. The 

raw data underlying this article will be shared on reasonable request to the corresponding 

author.
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Results

Biomarker Concentrations in HL Survivors and Controls

HL survivors were on average, 35.4 years old and 20.5 years from diagnosis (Table 1). After 

adjusting for covariates, survivors had higher concentrations of IL-6, hs-CRP, OxLDL, and 

GPx in addition to higher platelet counts compared to controls (Table 2). Approximately 

45% of survivors had a hs-CRP ≥3 mg/L compared to 28% in controls (p<0.001). After 

adjustment for covariates, chest radiation >30 Gy was associated with significantly higher 

log-transformed concentrations of hs-CRP (β=0.65, 95%CI 0.07, 1.23) and homocysteine 

(β=0.23, 95%CI 0.07,0.39) compared to those with <24 Gy (Supplemental Table 2). Higher 

doses of vincristine were associated with significantly higher concentrations of hs-CRP 

(β=1.11, 95%CI 0.02, 2.20, per 100 mg/m2). Notably, there were no significant difference in 

biomarker concentrations between survivors with and without a subsequent neoplasm.

Associations between Biomarkers and Neurocognitive Function

Among HL survivors, IL-6 was associated with worse visual-motor processing speed; 

those in the third tertile performed 0.39 standard deviation worse than those in the first 

(95%CI −0.75, −0.03, p=0.037; Figure 1). This association was smaller and not statistically 

significant among community controls (Supplemental Table 3). The second tertile of TNF-a 

was associated with a worse score on long-term recall compared to those in the first (Figure 

1). Survivors with hs-CRP ≥3 mg/L had worse performance on tests of word reading, 

sustained attention, visual-motor, motor, and visual processing speed, verbal learning, short- 

and long-term recall and cognitive flexibility (p’s<0.05; Figure 2, Supplemental Table 3). 

Similar associations were not identified in controls.

Higher homocysteine concentrations were associated with worse performance on word 

reading, verbal learning and short-term recall (p’s<0.05; Figure 2, Supplemental Table 3). 

Apart from verbal learning, these associations were not noted among controls. Higher 

concentrations of malondialdehyde were associated with worse performance on word 

reading, focused attention, and visual processing speed among HL survivors (p’s<0.05; 

Figure 3, Supplemental Table 3). Survivors in the second tertile of GPx, an enzyme that 

helps to clear reactive oxygen species, performed better on visual processing speed than 

those in the first (p=0.038). These associations were not noted among community controls.

Multiple-Biomarker Models

After elastic net multi-biomarker variable selection, hs-CRP remained significantly 

associated with worse performance on word reading (p=0.006), motor (p=0.010), visual 

(p=0.010) and visuomotor (p=0.048) processing speed, sustained attention (p=0.010), 

short-term recall (p=0.011), and cognitive flexibility (p=0.011) (Table 3). Homocysteine 

remained associated with worse performance on word reading (p=0.027), focused attention 

(p=0.013), and cognitive flexibility (p=0.008). Malondialdehyde was associated with worse 

visual processing speed (p=0.033). GPx was also associated with better performance on 

focused attention (p=0.029). Interestingly, higher platelet count was associated with better 

performance on all memory tests (verbal learning p=0.011, short-term recall p=0.004, long-

term recall p=0.037).
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Mediation of CHC Associations

Mediation analyses were considered exploratory; therefore, we report indirect effects of 

borderline significance (p<0.10) with full results available in Supplemental Table 4. hs-

CRP partially mediated the association between grade 2+ vascular conditions and worse 

performance on sustained attention (39.6% variance mediated), motor processing speed 

(17.4%), and visual processing speed (70.9%). hs-CRP also mediated the association 

between endocrine conditions and visual processing speed (32.1%). hs-CRP partially 

mediated the association between pulmonary conditions and visual processing speed 

(25.7%) while IL-6 partially mediated the association between pulmonary conditions and 

visuomotor-processing speed (36.8%).

Discussion

In this, the first assessment of serum biomarkers in non-CNS-treated survivors of childhood 

cancer, we provide data to support the hypothesis that inflammation, oxidative stress, 

and folate physiology contribute to cancer-related neurocognitive impairment in long-term 

survivors of childhood HL. Compared to matched community controls, survivors of HL have 

higher concentrations of inflammation and oxidative stress 20 years post-diagnosis which 

are associated with neurocognitive dysfunction. hs-CRP was broadly associated with worse 

neurocognitive function, while IL-6 was specifically associated with worse visuomotor 

processing speed. Moreover, hs-CRP and IL-6 mediated associations between vascular or 

pulmonary CHCs and measures of attention and processing speed. Malondialdehyde and 

homocysteine were associated with worse neurocognitive function in multiple domains, 

which were not observed in community controls. Antineoplastic treatments may inhibit 

folate-dependent processing resulting in the accumulation of homocysteine in addition to 

significant oxidative damage. These data suggest systemic inflammation and oxidative stress 

is chronic in long-term survivors and may serve as a target for interventions to alleviate late 

cancer-related neurocognitive dysfunction.

Similar to our findings, Cheung et al. report IL-6 and hs-CRP were associated with 

visuomotor processing speed and cognitive flexibility in adolescent survivors of acute 

lymphoblastic leukemia (ALL).[41] IL-6 and hs-CRP are also associated with deficits 

in processing speed and executive functions among breast cancer survivors.[6, 10, 42, 

43] In our study, after adjustment for known confounders, hs-CRP was associated 

with worse performance on multiple measures of attention, processing speed, memory, 

and executive function. Importantly, these associations could not be replicated in 

community controls. These data implicate inflammation in the etiology of cancer-related 

neurocognitive impairment among non-CNS treated survivors of childhood cancer. High 

peripheral concentrations of pro-inflammatory cytokines can increase the permeability 

of the blood brain barrier, allowing cytokines to enter the CNS and activate microglia-

related neuroinflammation, which decreases neurogenesis and can lead to neurocognitive 

impairment.[8, 11, 12] Assays for hs-CRP are routinely available, making it a useful 

biomarker to identify survivors at risk for neurocognitive dysfunction who may benefit most 

from an anti-inflammatory intervention to mitigate neurocognitive impairment.
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We provide new data that suggest chronic inflammation may be important to the 

underlying causal mechanisms by which cardiopulmonary morbidity impacts processing 

speed dysfunction in survivors. We previously demonstrated that cardiovascular and 

pulmonary health conditions were associated with neurocognitive impairment among 

survivors of childhood HL.[2, 3, 16] This study expands the previous work to understand 

how cardiopulmonary disease may impact neurocognitive function, suggesting it may be 

through increased peripheral inflammation. However, the relationship between inflammation 

and cardiopulmonary disease is likely complex and bidirectional. Therefore, longitudinal 

studies are warranted to confirm the temporal relationship between these factors. It is 

possible that behavioral interventions targeting cardiopulmonary health, combined with 

an anti-inflammatory pharmaceutical intervention, may positively impact neurocognitive 

functioning. In fact, preliminary data from an ongoing clinical trial of adult cancer patients 

demonstrate exercise and low-dose ibuprofen may improve attention.[44]

Accumulation of reactive oxygen species (ROS) can lead to lipid peroxidation, protein 

oxidation, DNA damage, and increased inflammation (e.g. TNF-α), leading to neuronal 

damage and neurocognitive impairment.[5, 13] We demonstrate that malondialdehyde was 

associated with worse visual processing speed, while glutathione, an enzyme that clears 

ROS, was associated with better visual processing speed. These associations were not 

seen in controls, suggesting HL may be uniquely susceptible to the effects of oxidative 

stress on the CNS. This may be due to altered metabolism. Two studies of ALL 

survivors report polymorphisms in glutathione S-transferase genes are associated with worse 

memory, attention, or processing speed.[45, 46] One study also reported polymorphisms 

in the methionine synthase gene, an enzyme involved in homocysteine metabolism, 

were associated with decreased attention and response speed and elevated homocysteine 

levels were associated with impaired cognitive flexibility.[45, 47] In our study higher 

concentrations of serum homocysteine were associated with worse performance on tests 

of verbal learning and short-term recall. Mild hyperhomocysteinemia, due to impaired folate 

physiology, has been associated with vascular damage, inflammation, and oxidative stress all 

of which can contribute to neurocognitive impairment.[48, 49] Although only a small subset 

of survivors (7%) had elevated homocysteine levels, future research is needed to examine 

how polymorphisms related to homocysteine metabolism modify reported associations as 

well as the utility of folate therapy to improve neurocognitive function.

This study provides new data on biomarkers of inflammation and oxidative stress and 

associations with neurocognitive function among survivors of childhood cancer treated 

without CNS directed therapies. Because many of the biomarkers measured do not have 

clinically validated reference ranges, the inclusion of a control group strengthens the 

interpretation of our findings. Where most of the existing literature has examined one 

biomarker at a time, we were able to replicate associations in models examining multiple 

markers simultaneously, strengthening the specificity of associations. We were also able to 

account for many potential confounders, such as medications, infections, and BMI. Because 

neurocognitive function and biomarkers were measured simultaneously, we cannot comment 

on the temporal association between them, and results should be interpreted cautiously with 

respect to causality. Future longitudinal analyses are planned to confirm if inflammation 

and oxidative stress contribute to neurocognitive decline and to examine the trajectories 
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of biomarkers as they relate to the trajectories of neurocognitive function. While this is 

the largest study of biomarkers of neurocognitive dysfunction in non-CNS-treated survivors 

of childhood cancer, we were likely underpowered to detect some effects, larger studies 

may be needed to detect subtle associations. This may have contributed to our inability 

to detect statistically significant associations in the third tertile when the second tertile 

was significant. There may also be a threshold effect where these associations become 

apparent and dissipate thereafter, which would explain the several associations noted only 

in the second tertile. This needs to be replicated in additional, larger studies. While our 

sample is representative of the epidemiology of pediatric Hodgkin lymphoma in the US 

(Supplemental Table 5), these findings should be replicated in more diverse samples. 

Additionally, future work should include patient reported assessments of neurocognitive 

function that may detect more subtle, yet impactful neurocognitive impairments. Lastly, 

because of our limited sample size and exploratory hypotheses, we did not perform a formal 

adjustment for multiple comparisons, rather we used elastic net models to consider multiple 

markers while accounting for multiple comparisons.

In summary, long-term survivors of childhood HL had higher concentrations of biomarkers 

of inflammation and oxidative stress that were associated with worse neurocognitive 

performance. These data provide insight into the underlying mechanisms of and potential 

targets to improve neurocognitive function in survivors of childhood cancer. Future research 

will help elucidate longitudinal associations between these biomarkers and long-term 

neurocognitive decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

We would like to thank the participants of the SJLIFE cohort for their time and participation in this study. 
This work was supported by the National Cancer Institute at the National Institutes of Health (grant numbers 
K00CA222742 [Dr. A. Williams], K99CA256356 [Dr. A. Williams], R01CA174794 [Drs. K. Krull and N. Sabin], 
and U01CA195547 [Drs. M. Hudson and K. Ness]) and the American Lebanese Syrian Associated Charities 
(ALSAC, all). The content is solely the responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health.

Role of the Funding Agency:

The funding agency was not involved in the design, conduct, analysis or interpretation of this study. The content 
is solely the responsibility of the authors and does not necessarily represent the official views of the National 
Institutes of Health.

Abbreviations:

HL Hodgkin lymphoma

CNS Central Nervous System

ELISA enzyme-linked immunoassay

SD standard deviation

Williams et al. Page 9

Clin Cancer Res. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hs-CRP high-sensitivity C-reactive protein
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Translational Relevance

Survivors of childhood Hodgkin lymphoma experience significant neurocognitive 

dysfunction, despite never receiving therapy directed at the central nervous system. 

In the current study, we demonstrate that biomarkers of inflammation and oxidative 

stress are associated with worse neurocognitive function in long-term survivors of 

childhood Hodgkin lymphoma. Further, inflammatory markers mediated associations 

between cardiopulmonary conditions and worse neurocognitive functioning. Therefore, 

these data suggest that inflammation and oxidative stress represent targets for future 

intervention trials to improve neurocognitive functioning in long-term survivors of 

Hodgkin lymphoma.

Williams et al. Page 13

Clin Cancer Res. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: Associations between inflammatory biomarkers and neurocognitive outcomes among 
survivors of Hodgkin lymphoma.
The figures below represent the mean difference and 95% confidence interval (CI) in 

neurocognitive z-score comparing the second tertile (circles) and the third tertile (squares) 

to the first tertile (0.0 ref.) for A) interleukin-6 (IL-6) and B) tumor necrosis factor alpha 

(TNF-α). Models are adjusted for age at evaluation, sex, race, body mass index, current 

anti-inflammatory use, and recent infection.
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Figure 2: Associations between hs-CRP and Homocysteine and neurocognitive outcomes among 
survivors of Hodgkin lymphoma.
The figures below represent the mean difference and 95% confidence interval (CI) in 

neurocognitive z-score comparing the second tertile (circles) and the third tertile (squares) 

to the first tertile (1.0 ref.) for A) c-reactive protein (CRP) and B) homocysteine. Models 

are adjusted for age at evaluation, sex, race, body mass index, current anti-inflammatory use, 

and recent infection.
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Figure 3: Associations between oxidative stress biomarkers and neurocognitive outcomes among 
survivors of Hodgkin lymphoma.
The figures below represent the mean difference and 95% confidence interval (CI) in 

neurocognitive z-score comparing the second tertile (circles) and the third tertile (squares) 

to the first tertile (1.0 ref.) for A) Malondialdehyde (Malondialdehyde) and B) glutathione 

peroxidase (GPx). Models are adjusted for age at evaluation, sex, race, body mass index, 

current anti-inflammatory use, and recent infection.
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Table 1:

Sample characteristics

Hodgkin Lymphoma
Survivors

N=197

Controls
N=199

p-value1

N (%) N (%)

Male 95(48.2) 94(47.2) 0.84

White 167(84.8) 171(85.9) 0.75

Smoking Status

 Current 38(19.3) 29(14.6)

 Former 33(16.8) 42(21.1)

 Never 126(64.0) 128(64.3) 0.32

Body Mass Index (BMI)

 Underweight 7(3.6) 2(1.0)

 Normal weight 50(25.4) 62(31.2)

 Overweight 69(35.0) 58(29.1)

 Obese 71(36.0) 77(38.7) 0.15

Recent Infection 12 (6.1) 14 (7.0) 0.72

Anti-Inflammatory Medication2 46 (23.4) 37 (18.6) 0.24

Age at Assessment (Years)

 Median (min, max) 35.41 (22.63, 64.64) 35.38 (18.28, 65.89) 0.98

Age at Diagnosis (Years)

 Median (min, max) 14.84 (3.01,22.60) - -

Time Since Diagnosis (Years)

 Median (min, max) 20.52 (10.68,45.62) - -

Treatment Exposures 3

 Anthracyclines (mg/m2) 148 (75.1) - -

  Median (min, max) 157.20(91.50-400) - -

 IV Methotrexate (mg/m2) 81 (41.1) - -

  Median (min, max) 122.88(20.28-167.66) - -

 Vincristine (mg/m2) 133 (67.5) - -

  Median (min, max) 8.28(1.56-73.27) - -

 Alkylating Agents (mg/m2) 131 (66.5) - -

  Median (min, max) 6896.8(1189-28980) - -

 Bleomycin (yes) 56(28.4) - -

 Prednisone (yes) 135 (68.9)

 Chest Radiation

  <24 Gy 48(24.4)

  24-30 Gy 108(54.8) - -

  >30 Gy 41(20.8) - -
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Hodgkin Lymphoma
Survivors

N=197

Controls
N=199

p-value1

N (%) N (%)

 Neck Radiation

  ≥30 Gy 34(17.3) - -

  20 to <30 Gy 143(72.6) - -

  <20 Gy 20(10.2) - -

Relapsed 14(7.1) - -

Subsequent Malignancy4 40(20.3) - -

Gy: Gray

1
p-value from Chi-square tests or two sided t-tests

2
anti-inflammatory medications included any non-steroidal anti-inflammatory drugs (NSAID, e.g. ibuprofen) and steroid medication

3
Mean(SD) and median (range) for all chemo and radiation doses were based on those who received treatment exposure

4
subsequent malignancies included 6 genitourinary tumors (2 uterine, 3 cervical, 1 testicular), 11 non-melanoma skin cancers, 10 thyroid tumors, 

10 breast tumors, 1 lymphoma, and 2 parotid tumors.
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