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Abstract

Background—We investigated whether an immune system environment characterized by
elevated serum levels of B-cell activation molecules was associated with the subsequent
development of classical Hodgkin lymphoma (cHL).

Methods—We measured serum levels of B-cell-stimulatory cytokines, interleukin (IL)-6 and
IL-10, soluble CD30 (sCD30) and total IgE prior to cHL diagnosis in 103 cases and 206 matched
controls with archived specimens in the DoD Serum Repository.

Results—Pre-diagnosis serum sCD30 and IL-6 levels had strong positive associations with risk
of a cHL diagnosis >0-1 year prior to diagnosis (SCD30 odds ratio [OR] =5.5, 95% confidence
interval [CI] = 3.4-9.0; IL-6 OR = 4.6, 95% CI = 2.9-7.5) and >1 year to 2 years pre-cHL
diagnosis (SCD30 OR =3.3, 95% CI = 1.6-6.7; IL-6 OR = 2.9, 95% CI = 1.3-6.5). We observed
similar, albeit not consistently significant positive associations, over four or more years preceding
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diagnosis. We did not observe a clear association with IgE levels. Of note, detectable I1L-10 levels
were significantly associated with Epstein-Barr virus (EBV)-positive cHL cases compared with
EBV-negative cases.

Conclusion—In this prospective analysis, elevated SCD30 and I1L-6 levels and detectable IL-10
preceded cHL diagnosis.

Impact—The associations of these cytokines with cHL risk may reflect the production of these
molecules by proliferating nascent cHL tumor cells, or by immune cells responding to their
presence, prior to clinical detection. The stable elevation in cHL risk, four or more years pre-
diagnosis, also suggests that a B-cell-stimulatory immune system milieu precedes, and may
promote, lymphomagenesis.
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Introduction

Classical Hodgkin lymphoma (cHL) tumors are characterized by the presence of Hodgkin
and Reed-Sternberg (HRS) cells and a proportionately larger number of reactive
inflammatory cells and lymphocytes. HRS cells contain immunoglobulin (1g) gene
rearrangements that suggest that they derive from germinal center (GC) B cells (1, 2). The
pathogenesis of HL has not been fully defined, nor has a characteristic genomic defect
specific to the malignant HRS cell been identified (3, 4). Primary HRS cells, HL-derived cell
lines and cells in the surrounding reactive infiltrate produce numerous cytokines and
chemokines (5, 6), and pre-treatment serum levels of these molecules have been evaluated as
prognostic biomarkers (7-11).

The B-cell origin of HRS cells and the known role of cytokines in cHL pathobiology suggest
that immune system molecules associated with B-cell activation also contribute to the
etiology of cHL. For example, HRS cells characteristically express CD30, a member of the
TNF receptor superfamily, and staining for CD30 is performed to confirm the diagnosis of
HL (12, 13). CD30 cleaved from the surface of activated lymphocytes and CD30-positive
neoplastic cells can circulate in peripheral blood as soluble (s)CD30 (14). Transcripts of the
cytokine IL-6, which stimulates B-cell growth, differentiation and viability (15), have been
detected in primary HL tumors (16). Of interest, Cozen and colleagues (17) assessed IL-6
production by peripheral blood mononuclear cells (PBMC) and IL-6 genotype and reported
that individuals with the genetic propensity to more readily produce IL-6 had an increased
risk of cHL. Another B-cell-stimulatory cytokine, IL-10, is produced not only by T
regulatory cells, macrophages and other immune system cells (18) but also by HRS cells. In
addition, activated B cells that have undergone Ig class switching after stimulation by B-cell-
stimulatory cytokines produce immunoglobulin E (IgE) (19). In serologic studies using
samples obtained at or after diagnosis, but before initiation of treatment, cHL cases have
often had elevated levels of SCD30 (20-22), IL-6 (23-28), IL-10 (28-30), and IgE (31, 32)
compared with controls; however, the observed elevated levels may reflect existing disease.
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In this investigation, we hypothesized that an immune system environment characterized by
elevated levels of B-cell activation molecules would be associated with the subsequent
development of cHL. To our knowledge, no studies have examined serum levels of sCD30,
IL-6, IL-10, and IgE preceding the clinical diagnosis of HL. The Department of Defense
(DoD) Serum Repository, with serum samples archived for the active -duty population,
provided an unique opportunity to conduct a prospective study. We therefore measured
serum levels of sCD30, IL-6, IL-10, and total IgE in serial serum samples collected over
several years prior to cHL diagnosis among a young adult, ethnically diverse U.S. military
population. We also examined immune marker levels classified by the presence or absence
of Epstein-Barr virus (EBV) in HRS tumor cells of cHL cases.

Materials and Methods

Study population

We performed the study among active-duty military personnel with an archived serum
specimen in the DoD Serum Repository. Eligible cases included all new diagnoses of HL
(ICD-9 201) identified from January 1, 1990 through December 31, 1999, with a pre-
diagnosis serum specimen archived in the repository and with no history of HIV infection or
a malignancy other than non-melanoma skin cancer at time of HL diagnosis. We initially
identified cases by searching military computerized databases and retrieved tissue blocks
from military hospitals and the Armed Forces Institute of Pathology (AFIP). All identified
diagnoses of HL received pathology review of archived tumor tissue to determine histologic
subtype and to assess the presence of EBV genome fragments in HRS cells. Determination
of eligible cases with retrieved tissue blocks has been previously described (33). Among a
total of 148 HL cases with tissue blocks available for this analysis, study pathologists
confirmed the diagnoses of 139 cases. Of these cases, 125 cases also had retrievable
archived pre-diagnosis serum samples in the DoD Serum Repository and 113 cases were
available for biomarker studies. To restrict the analysis to cases of cHL, we excluded ten
individuals with the lymphocyte predominant histologic subtype. We individually matched
two controls to each case on age (+ 1 year), sex, race and ethnicity, number of serum
samples, and serum draw date for each sample (= 30 day) among active-duty service
members in the DoD Serum Repository population with no history of HIV infection or a
malignancy other than non-melanoma skin cancer as of the index case diagnosis date. We
also selected controls that were on active duty as of the index case diagnosis date. The final
study population comprised 103 cases of cHL and 206 controls.

Serum and data collection

The DoD Serum Repository, managed by the Armed Forces Health Surveillance Branch
(AFHSB), contains over 50 million serum specimens from active duty and reserve
personnel, with more than 2 million new samples added yearly (34). The specimens are
stored at —30°C. The Defense Medical Surveillance System (DMSS), also managed by the
AFHSB, contains data from several military databases such as inpatient hospital discharges
and outpatient visits to military outsourced facilities on all active-duty military personnel
(35). DMSS capabilities include linking individuals identified from various demographic
and medical databases to serum specimens archived in the DoD Serum Repository.
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The research protocol for this study was approved by the institutional review boards of the
Walter Reed Army Institute of Research and several military medical treatment facilities,
David Geffen School of Medicine at UCLA, Harvard T.H. Chan School of Public Health and
Johns Hopkins School of Medicine.

Determination of immune activation biomarkers

Laboratory personnel blinded to samples’ case-control status determined serum levels of
immune markers by enzyme-linked immunosorbent assays (ELISA). Assays for sCD30
(Bender MedSystems, detection limit = 6 units/ml), IL-6 (Biosource/Invitrogen, detection
limit = 0.2 pg/ml), IL-10 (Biosource/Invitrogen, detection limit = 2 pg/ml), and total serum
IgE (detection limit = 8 ng/ml) were performed as previously described (36). IL-10 was
measured using a human IL-10-specific assay (Biosource/Invitrogen, detection limit = 2 pg/
ml), that does not cross react with the EBV IL-10 orthologue (37).

We randomly ordered case and control samples within matched sets and tested all samples of
a given set on the same ELISA plate. We interspersed blinded quality control aliquots of
pooled sera from the control population on each assay plate and observed good to excellent
inter-assay coefficients of variation of SCD30 (13.0%), IL-6 (10.8%), and IgE (5.4%). All
quality control specimens had serum IL-10 levels below the detection limit of the assay. We
did not observe any statistically significant difference in serum biomarker levels by duration
of specimen storage.

In situ hybridization/staining for Epstein-Barr viral markers

We utilized /n situ hybridization to detect the EBV-encoded RNAs (EBERS) expressed in
latent infection as previously described (38, 39) and performed immunohistochemistry to
detect the presence of the viral latent membrane protein-1 (LMP-1) in HRS cells as
described by Pallesen and colleagues (40). We considered cHL cases EBV-positive if the
tumor tissue scored positive for either EBERs or LMP-1. We considered cases EBV-negative
if the tissue scored negative on both assays, or we had information from only one assay and
that result was negative (41).

Statistical analysis

Initially we divided the biomarker data from all serum samples into 5 follow-up time
windows based on the interval from serum collection to the case diagnosis or control
reference date: >4 years pre-cHL, >3 to <4 years pre-cHL, >2 years to <3 years pre-cHL, >1
to <2 years pre-cHL, and >0 to 12 months pre-cHL (Figure 1). In each window, we
compared median serum sCD30, IL-6, and IgE levels between cases and controls and
evaluated the statistical significance of the differences with the Wilcoxon signed-rank test.
Ten cases and their 20 matched controls had two or more specimens in the >4 years pre-cHL
window. For these individuals, we included the mean value from results of multiple
specimens collected in one time window. We treated samples with biomarker levels below
the limit of detection as zero values except with regard to IL-10 levels. Because a large
number of samples had undetectable IL-10, we dichotomized serum IL-10 levels as
detectable versus undetectable in a given time window and utilized Fisher’s exact test to
assess the significance of differences in detectable IL-10 between cases and controls.
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In analyses that included longitudinal measurements from study subjects, we used
generalized estimating equations (GEE) (42) to assess the association between the serologic
biomarkers and the subsequent development of cHL. In these models, we adjusted for the
dependency among measurements from the same individual. We dichotomized serum levels
of sCD30, IL-6, and total IgE according to the median levels in the controls and calculated
the odds ratio (OR) and 95% confidence interval (95% CI) for cHL in persons with above-
median (v. < median) levels. We divided the time period from sample collection to diagnosis
into one-year intervals with inclusion of either single or multiple specimens from individuals
and adjusted the models for the matching factors. We also examined risk of cHL by tumor
EBYV status, first in comparisons of EBV-positive or EBV-negative cases with their
respective matched controls, and subsequently in case-case comparisons (EBV-positive
cases compared with EBV-negative cases). To conduct the tumor EBV-associated analyses,
we modeled serum sCD30, IL-6 and total IgE levels as continuous variables and estimated
an OR per unit increase in the immune marker on the natural log scale; we also estimated an
OR for detectable versus undetectable IL-10. The smaller numbers of cases and controls in
the latter models required that we collapse time to diagnosis into two windows (<1 year and
>1 year from blood collection to cHL diagnosis).

To determine within-person change in serum levels over time for cases and matched controls
with multiple serum samples, we estimated the change per year in a given individual’s
biomarker levels beginning with the earliest specimen collected and ending with the
specimen collected closest to diagnosis. We then compared the median change per year in
cases to the median annual change in controls using the Wilcoxon signed-rank test. We
conducted the statistical analyses with SAS (version 9.3; SAS Institute.) All statistical tests
assumed two-sided P values and an alpha error of 0.05.

Results

The matched design resulted in demographically similar cases and controls (Table 1).
Briefly, both groups had a median age at diagnosis of the case or reference date in the
controls of approximately 25 years and a predominance of men and white participants. The
case follow-up interval from the earliest serum collection to cHL diagnosis (or the control’s
reference date) had a median interval of 2.8 years. Approximately 62% of the study
population contributed serial pre-cHL diagnosis serum samples to the analysis (Table 1). The
103 cases comprised nodular sclerosing (n=67), mixed cellularity (n=13) and cHL not
further classified (n=23) histologic types, and 23 (22.3%) had EBV-positive tumors (Table
1).

In the analysis divided into five time windows from blood collection to cHL diagnosis, we
observed striking differences by case-control status for sSCD30 (Figure 2A). Cases had the
highest median serum sCD30 level of 106 units/ml in the window closest to diagnosis and
successively lower median levels in each earlier pre-diagnosis window, except for a slight
increase in the window >4 years from diagnosis, with a median level of 45 units/ml. In
contrast, SCD30 concentrations in controls remained relatively stable across all of the time
windows, with median levels ranging from 39 to 44 units/ml. When comparing case and
control median levels within follow-up time intervals, cases had significantly higher median
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sCD30 concentrations than controls in the >0 to 12 months window (106 units/ml
[interquartile range (IQR), 69.5-213.5] versus 44 units/ml [IQR, 37-52]; p<0.0001). The
case-control differences diminished with increasing time preceding cHL diagnosis and were
not statistically significant in intervals more than 1 year prior to diagnosis (Figure 2A).

Serum IL-6 levels showed similar pre-cHL temporal patterns to those noted for sCD30. For
example, among cases, median IL-6 concentrations ranged from 4.3 pg/ml in the window
closest to diagnosis to 1.1 pg/ml in the window furthest from diagnosis (Figure 2B). Control
median levels remained stable, ranging from 0.8 to 0.9 pg/ml across the five time windows.
As with sCD30, cases had significantly higher median IL-6 concentrations than controls in
the >0 to 12 months window (4.3 pg/ml [IQR, 2-8.9] versus 0.9 pg/ml [IQR, 0.6-1.6];
p<0.0001).

In comparison to sSCD30 and IL-6, we observed more variability in the concentrations of
total IgE in both cases and controls (Figure 2C). Median case and control IgE levels differed
significantly in the >0 to 12 months window prior to diagnosis (85.5 ng/ml [IQR, 48.5-254]
versus 52.5 ng/ml [IQR, 26-103.5]; p = 0.003).

Cases had a significantly higher prevalence of detectable IL-10 levels among samples
collected in the follow-up interval closest to cHL diagnosis. Specifically, in samples
collected >0 to 12 months pre-cHL, 14.5% of cases and 2.2 % of the controls had serum
IL-10 values above the limit of detection (P=0.001).

In analyses that included serial measurements from the same individual, we observed
significant positive associations of serum levels of both sCD30 (OR = 5.5, 95% CI = 3.4-
9.0) and IL-6 (OR = 4.6, 95% CI = 2.9-7.5) with cHL risk in the follow-up interval within 1
year prior to diagnosis (Figure 3A and Figure 3B) and in the >1-2 years prior to diagnosis
(sCD30 OR =3.3,95% Cl = 1.6-6.7 and IL-6 OR = 2.9, 95% CI = 1.3-6.5). Of note, sCD30
and IL-6 had similarly strong positive associations with cHL risk, although not consistently
statistically significant, across the four-year period prior to diagnosis. Serum IgE levels had
a significant positive association with risk of cHL in the interval within 1 year before
diagnosis (OR = 1.9, 95% CI = 1.1-3.2) but had no association with cHL risk in intervals
more than one year before diagnosis (Figure 3C).

In models that examined the association of serum biomarker levels with cHL risk among
cases and matched controls by tumor EBV status, we observed a statistically significant
positive association of SCD30 levels with both EBV-positive (OR = 2.0, 95% CI = 1.1-4.1)
and EBV-negative cHL risk (OR = 3.2, 95% CI = 2.1-4.9) in the period <1 year pre-
diagnosis (Table 2). We also noted similarly strong significant associations of sCD30 levels
with both EBV-positive (OR =2.0, 95% CI = 1.1-4.1) and EBV-negative cHL risk (OR =
3.4, 95% CI = 2.2-5.5) during the period >1 year pre-cHL. Serum IL-6 levels had a strong
positive association with EBV-positive cHL risk (OR = 6.5, 95% Cl = 2.5-26.7) and a
weaker but nonetheless statistically significant positive association with EBV-negative cHL
risk during the period <1 year prior to diagnosis (OR = 1.6, 95% CI = 2.1-4.9). Serum IL-6
levels had only a borderline association with risk of EBV-positive cHL and had no
association with risk of EBV-negative cHL in the time window >1 year prior to diagnosis.
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We did not see evidence of an association of serum IgE levels or frequency of detectable
IL-10 with EBV-positive or EBV-negative cHL cases compared with their respective
matched controls prior to diagnosis. In case-case analyses comparing EBV-positive cases
with EBV-negative cases, we did not observe associations of sSCD30, IL-6 or IgE levels with
tumor EBV positivity in the pre-diagnosis time intervals. In contrast, we noted statistically
significant positive associations of detectable IL-10 levels with EBV-positive cHL during the
period <1 year prior to diagnosis (OR = 3.1, 95% CI = 1.7-6.1) as well as >1 year prior to
diagnosis (OR = 2.2, 95% CI = 1.3-4.0).

Among the 64 case-control sets with sequential pre-cHL diagnosis serum samples, we
observed significantly greater changes in serum sCD30 and IL-6 levels in cases than in
controls (P=0.01 and £<0.001, respectively) as cHL diagnosis approached (Figure 4A and
Figure 4B). Neither IgE levels (Figure 4C) nor the frequency of detectable I1L-10 had clear
temporal changes.

Discussion

We report the first study, to our knowledge, to measure circulating levels of sCD30, IL-6,
IL-10 and IgE levels in blood specimens collected prior to cHL diagnosis. We observed
significantly higher median serum levels of sSCD30, IL-6 and increased detection of IL-10 up
to one year preceding cHL diagnosis in cases compared with controls. Moreover, individuals
with elevated levels of SCD30 and IL-6 in blood samples drawn during the period closest to
diagnosis had an approximately five-fold higher risk of developing cHL than those with
below-median levels during that time period; further, the association was also borderline or
statistically significant beyond a four-year window prior to diagnosis, the most distant pre-
diagnosis period for which adequate numbers of samples permitted a robust analysis.
Additionally, among individuals with multiple samples, serum levels of SCD30 and IL-6
increased as the time of cHL diagnosis approached. Elevated serum IgE levels were
associated with cHL risk only in the period closest to diagnosis. Collectively, these results
reveal a seemingly progressive elevation of serum levels of sCD30, IL-6, and possibly IL-10,
as the clinical diagnosis of cHL approaches.

CD30 is a member of the TNF receptor superfamily and the receptor for CD30 ligand
(CD153), a TNF-like immune stimulatory molecule. CD30 is also expressed on HRS cells
(12, 13), where it has the potential to serve as a receptor for stimulatory signals delivered to
HRS cells that may enhance their proliferation. For example, CD30-mediated signaling can
stimulate the NF-kappa B pathway in HRS cells (43). Elevated sCD30 serum levels are
routinely found in pretreatment patients diagnosed with HL (20-22). The results presented
here indicate that sSCD30 levels rise several years preceding diagnosis in persons who
ultimately develop cHL. Moreover, an association with higher sCD30 levels persisted in
both EBV-positive cHL and EBV-negative cHL cases when compared to controls, suggesting
that elevated circulating sCD30 levels may be a factor common to both subtypes. A previous
study of 30 EBV-positive and 62 EBV-negative cases of pretreatment HL reported
marginally lower sCD30 levels in EBV-positive HL (44), while in our case-case comparison
of pre-diagnosis sCD30 levels, we did not observe any association with EBV-positivity.
Elevated serum levels of sCD30 have also been reported to precede the diagnosis of other
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forms of lymphoma, including AlDS-associated B-cell non-Hodgkin lymphoma (NHL) (45)
and B-cell NHL in immunocompetent subjects (46, 47), neither of which typically express
CD30.

IL-6 is a pluripotent cytokine with B-cell-stimulatory properties, and can promote B-cell
differentiation and survival (15). IL-6 is associated with proinflammatory responses and with
Th17 responses, which are associated with autoimmunity and inflammation (48). Primary
HL tissue specimens express IL-6 (16), the question of whether IL-6 expression differs in
EBV-positive compared with EBV-negative tumors remains unresolved (49-51). Several
studies have reported higher serum IL-6 levels in pretreatment HL cases compared with
controls (10, 23, 25-27). The findings of this study suggest that elevated IL-6 levels
significantly predict future risk of both EBV-positive and EBV-negative cHL. Of note, in a
study by Biggar and colleagues (52), pretreatment HL cases had elevated levels of serum
IL-6 and of YKL-40, a nonspecific marker of inflammation, compared with controls
regardless of tumor EBV positivity. In studies of IL-6 production and/or IL-6 genotype in
HL, higher production of IL-6 and a high secreting IL-6 genotype were noted more
commonly in unaffected co-identical twins of HL cases (who were studied as genetic
surrogates for the co-twins with cHL) than in co-twins of non-cases (17), while a low
secreting IL-6 genotype was associated with a decreased risk of young adult HL (53). This
suggests that a greater propensity to produce 1L-6 is associated with increased risk for HL.
Those findings are consistent with our observation of a positive association of IL-6 levels
with cHL at least up to 4 years preceding diagnosis.

IgE is synthesized and secreted by B cells that have undergone Ig class switching after
stimulation by B-cell-stimulatory cytokines, 1L-4 and IL-13 (19). Additionally, HRS cells
can express IgE (54). Results from case-control studies of pre-existing atopic conditions,
which are mediated by IgE, and cHL include some reporting no association (32, 55, 56) and
others suggesting an inverse association (57, 58). A recent large, population-based case-
control study conducted in Denmark and Sweden reported no association of self-reported
history of atopic conditions with cHL risk regardless of tumor EBV status (59). In two early
studies involving only pretreatment serology, total serum IgE levels were more frequently
elevated in cases than controls (31, 32), whereas a third study reported a nonsignificant
inverse association of HL risk with total serum IgE (60). Based on the activated B-cell origin
of IgE, we hypothesized a positive association of pre-diagnosis total serum IgE with cHL.
However, except for the weak borderline positive association we noted in the time period
closest to diagnosis, we did not observe any association with cHL, overall or by tumor EBV
status.

IL-10 is a B-cell-stimulatory cytokine that also can suppress T-cell and monocyte responses,
including anti-viral cell-mediated responses (18). Furthermore, IL-10 can enhance BCL2
expression, thereby promoting B-cell viability (61). /L-10-expressing HRS cells are
consistently associated with tumor EBV positivity (50, 62—-64). Of interest, increased
detection of serum IL-10 was the only biomarker with an association restricted to EBV-
positive HL in our study population. It is important to note that the immunoassay utilized in
this study was documented not to cross-react with a viral orthologue of IL-10 that is encoded
by the EBV genome (vIL-10), which has a very high amino acid sequence homology with
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human IL-10 (18, 37). Therefore, even though detectable serum levels of 1L-10 were
associated with HL cases with EBV-positive tumors, we can be confident that this IL-10 is a
product of a human host immune response, and is not EBV vIL-10. In a study of 41 EBV-
positive versus 189 EBV-negative cases at pretreatment, Herling and colleagues (65)
reported significantly higher IL-10 levels in the EBV-positive HL patients, while two smaller
studies, one based on 22 EBV-positive and 51 EBV-negative cases and the other on only 5
positive and 18 negative cases, reported nonsignificant associations of IL-10 with EBV
positivity (10, 66). Genetic polymorphisms in the promoter region of IL10 gene may
influence the risk of HL (67-69), possibly by modulating serum 1L-10 levels (66).

This study has several important strengths, including the availability of serum samples
collected over several years before the onset of cHL, which allowed the prospective
assessment of circulating serum immune marker levels and risk of cHL. We also were able
to control for potential confounding by matching on known demographic risk factors for HL.
A limitation, however, was that time points more than four years preceding cHL diagnosis
could not be adequately evaluated, as there were insufficient numbers of specimens available
for study. Further, the small number of EBV-positive cases and the small numbers of cases
of histologic types other than nodular sclerosing cHL also limited our statistical power for
robust analyses within strata defined by tumor EBV status or histologic type.

The prospective design of this study improves on evidence from previous investigations of
cytokine levels in HL cases compared with controls, which utilized post-diagnosis samples
and thus could not assess the pre-diagnosis immune system milieu. Our findings indicate
that an elevation of molecules associated with immune system activation and B-cell
stimulation, including sCD30 and IL-6, precedes the diagnosis of cHL in presumably
immunocompetent individuals. Given that the serum levels of these molecules increased
progressively as the time of cHL diagnosis approached, the markedly elevated levels seen
closer to the time of diagnosis probably reflect the presence of the nascent tumor and
potentially the production of the biomarker molecules by HRS cells and/or by reactive
inflammatory cells and/or lymphocytes in the tumor infiltrate. The stable elevation in cHL
risk with elevated levels of sSCD30 and IL-6 across four or more years prior to diagnosis may
also reflect a B-cell-stimulatory environment that promotes the genesis of these cancers.
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Figure 1. Distribution of serum samples from 103 classical Hodgkin lymphoma cases and 206
controls across five time windows preceding cHL diagnosis

Numbers shown are the number of cHL cases with at least one sample within that time
window; for every case at each time point, controls were matched 2:1 based on serum

collection dates.
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Figure 2. Pre-cHL serum levels of sCD30, IL-6, and IgE in five time windows by case-control
status

Serum samples from cases (triangles) and matched controls (circles) were analyzed in five
designated time windows as shown in Figure 1. Serum levels of (A) sCD30, (B) IL-6, and
(C) IgE are plotted on the Y axis with log base 2 scale; the lower limit of detection for each
analyte is indicated by a horizontal dotted line parallel to the X axis. Box plots display the
median and interquartile range (IQR). P values comparing median values of cases and
controls in each time window are computed using Wilcoxon signed-rank test.
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Figure 3. Odds ratios (OR) and 95% confidence intervals (CI) for the association of cHL with
elevated serum levels of SCD30, IL-6, and IgE prior to diagnosis

Elevated levels of (A) sCD30, (B) IL-6, and (C) IgE were defined as falling above the
median levels among controls. OR (diamonds) and 95% CI (whiskers) were calculated by
GEE analysis, modeling time before diagnosis in one-year increments and adjusted for age,
race-ethnicity, sex, and serum draw date.
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Figure 4. Within-person change per year in serum levels of sSCD30, IL-6, and IgE by case-control
status

Change per year in serum levels of (A) sCD30, (B) IL-6, or (C) IgE was calculated using
natural log-transformed biomarker levels for the time period ranging from the earliest
available sample to the sample closest to but preceding cHL diagnosis. Cases (n=64) are
shown as open circles, matched controls (n=128) as filled circles; the dotted horizontal line
at zero indicates no change in serum level over time.
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Table 1

Demographic characteristics of classical Hodgkin lymphoma cases and matched controls

Case Control
Characteristics (n=103) (n=206)
N (%) N (%)
Age ()2
18-23 41 (39.8%) 79 (38.4%)
24-30 30 (29.1%) 63 (30.6%)
>30 32 (31.1%) 64 (31.1%)

Age (y), median (IQR)
Sex4
Male

Female

Race-ethnicity?
White, non Hispanic
Black, non Hispanic
Hispanic
Other/Unknown
Year of earliest serum collection?
1988 — 1991
1992 - 1994
1995 - 1999

YYears from earliest blood collection to diagnosis, median (IQR)

Number of serum samples?
1
2
4
5
Histiologic subtype
Nodular sclerosis
Mixed cellularity
Classical HL, not further classified
Tumor Epstein-Barr virus (EBV) status
EBYV negative
EBV positive

EBV indeterminate

25.9 (21.9-31.4)

93 (90.3%)
10 (9.7%)

77 (74.8%)

12 (11.7%)

11 (10.7%)
3 (2.9%)

51 (49.5%)
22 (21.4%)
30 (29.1%)
2.8 (1.4-4.9)

39 (37.9%)
55 (53.4%)
6 (5.8%)
3(2.9)

67 (65.1%)
13 (12.6%)
23 (22.3%)

76 (76.7%)
23 (23.2%)
4 (3.9%)

255 (22.0-31.1)

186 (90.3%)
20 (9.7%)

153 (74.3%)

24 (11.7%)

22 (10.7%)
7 (3.4%)

102 (49.5%)
45 (21.8%)
59 (28.6%)

2.8 (1.2-4.9)

78 (37.9%)
110 (53.4%)
12 (5.8%)
6 (2.9%)

Abbreviation: Interquartile range (IQR)

a . . - .
Controls were matched to cases on age at diagnosis of case, sex, race-ethnicity, serum collection date, and number of serum samples.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 July 01.

Page 18



Page 19

Levinetal.

"0T-711 0} 8]0LI0818PUN SNSIAA B|LI0BISP SB O ‘8eds BO| [einyeu 8yl UO J8XJew sunwWLWI 8y} Ul 8SE8I0Ul 1UN 8UO YJIM UOIRID0SSE 10} ¥o,

‘0T 711 8|ge1oalap pue 361 ‘971 ‘0SADS 40 S|9A8] SNONUNUOI JO mwm\n_m:(m\

"so|dwies WnJas JO Jaquinu pue ‘axep Uo193]1109 WnJas ‘AoIuULe-a0e) ‘xas ‘afe) si01oey Buiyorew sy} 10} cﬁm:_n,qm

(L6'e-82'T) 9TC 85/8T (29'1-65°0) 20T 9T1/8S (68'1-18°0) ¥v2'T 9¢/8T ot
(Lz'1-€8'0) 20'T 86/8T (ze'1-20T) ST'T GTT/8S (€2'1-9.°0) L6'0 9¢/8T EL]
(89'T-8L'0) ¥T'T 8G/LT (Le'1-28'0) 90'T 9TT/85 (€9'2-€0'7) 09'T 9¢/LT el
(LLT-02°0) 90T 85/8T (zgs-812) TV'E 9T1/8S wT'v-20T) 002 9¢/8T 0£QOs

(10%%6) 40 -AgI/+AGT (1D %S6) HO  [043u0D/eseD (1D %G6) O |041U0DfeseD  JadJeiN

sose) -Add ‘SA +Ad3 sosed -Add sesed +Ad3

sisoufelq 01 J0lud JesA T <

(S0'9-€LT) 0T'E €5/2T (¥2'1-19'0) 90'T 90T/€S (€9'2-€6'0) ST veret 01l
(LT'1-620) €6'0 zsiet (r€'1-20T) 9T'T vOT/2S (8€'1-€8°0) 90'T veret 361
(5€'1-99°0) 96'0 €6/2T (rST-L¥'T) 06'T vOT/ES (29'92-57'2) 87’9 €z/et all
(9v'1-29'0) 56'0 €5/2T (z6'v-60'2) ST'E 90T/€S (S0'v-0T'T) €0'C veret 0£Aos

(1D %G6) 4O -AGI+AET (1D %G6) HO  lomuopsesen  ollD %56) HO  jonuopjesen  gHEN

saseD -Ad3 SA +Ad3 sased -Ad3d sesed +Ad3

sisoubelq 01 JoLid JesA TS

#SN1e1s Ag3 Aq ewoydwA| uryBpoH [ea1sse|o pue S|aA3] JeXJew UOITRAIIOR aUNLILI USBMISQ UOITRID0SSE 8y L

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 July 01.



	Abstract
	Introduction
	Materials and Methods
	Study population
	Serum and data collection
	Determination of immune activation biomarkers
	In situ hybridization/staining for Epstein-Barr viral markers
	Statistical analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2

