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BACKGROUND There is evidence that metabolic disease burden in lymphoma influences patient outcome. However,

the impact of disease severity on the cardiovascular system is unknown.

OBJECTIVES The aim of this study was to examine whether lymphoma is associated with arterial inflammation by

investigating the relationship between disease metabolic burden and arterial fluorodeoxyglucose (FDG) uptake.

METHODS Sixty-two chemotherapy-naïve patients with active Hodgkin’s or non-Hodgkin’s lymphoma were matched

(2:1) to individual control groups of lymphoma patients previously treated and free of active disease. All groups un-

derwent 18F-FDG position emission tomography–computed tomography imaging. Disease severity was quantified by

metabolic tumor volume (MTV) and total lesion glycolysis corresponding to standardized uptake values (SUVs) $41%

or $2.5 of the maximum SUV within lymphoma regions, and aortic FDG uptake was quantified through the target-to-

background ratio (TBR). Inflammatory and disease severity biomarkers were also measured.

RESULTS MTV and total lesion glycolysis measurements were significantly correlated with inflammatory and disease

biomarkers. Aortic TBR was higher in patients with active non-Hodgkin’s lymphoma compared with control subjects

(median difference 0.51; 95% confidence interval [CI]: 0.28 to 0.78; p < 0.001). Similarly, patients with active Hodgkin’s

lymphoma had higher values of aortic TBR compared with control subjects (median difference 0.31; 95% CI: 0.15 to 0.49;

p < 0.001). In addition, aortic TBR was modestly increased in patients with stage III to IV disease compared with those

with stage I to II disease (median aortic TBR: 2.23 [interquartile range: 2.01 to 2.54] vs. 2.06 [interquartile range: 1.83 to

2.27; p ¼ 0.050). In multivariable analysis, aortic FDG uptake and MTV$2.5 values were independently associated

(b ¼ 0.425; 95% CI: 0.189 to 0.662; p ¼ 0.001; R2 ¼ 0.208), as were aortic FDG uptake and MTV$41% (b ¼ 0.407; 95%

CI: 0.167 to 0.649, p ¼ 0.001; R2 ¼ 0.191).

CONCLUSIONS Aortic wall FDG uptake is related with disease severity indicative of a possible vascular effect of

lymphoma. This work highlights a new potential role of molecular imaging in cardio-oncology for evaluating disease

severity and its consequences on the vasculature. (J Am Coll Cardiol CardioOnc 2020;2:758–70) © 2020 Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

18F-FDG = 18F-

fluorodeoxyglucose

BMI = body mass index

CI = confidence interval

CT = computed tomography

CVD = cardiovascular disease

hsCRP = high-sensitivity C-

reactive protein

LDH = lactate dehydrogenase

MTV = metabolic tumor burden

PET = positron emission

tomography

SUV = standardized uptake

value

SUVmax = maximum

standardized uptake value

SUVmean = mean

standardized uptake value

TBR = target-to-background

ratio

TLG = total lesion glycolysis

= white blood cell count
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I nflammation plays a pivotal role in the patho-
genesis of both Hodgkin’s and non-Hodgkin’s
lymphoma. Specifically, it is involved in complex

interactions between stromal, lymphoid, and malig-
nant cells in the tumor microenvironment, regulating
several stages of tumor progression (1). In Hodgkin’s
lymphoma in particular, the reactive milieu can
form up to 99% of the cellular background (2).
Furthermore, a number of studies have demonstrated
the prognostic significance of inflammatory bio-
markers, such as the C-reactive protein, albumin,
and neutrophil counts values in patients with lym-
phoma (3). In various clinical settings, the release of
cytokines and chemokines by inflammatory cells in
the circulation induces a systemic proinflammatory
response eliciting prothrombotic and atherosclerotic
effects, such as endothelial dysfunction, vascular
inflammation, and atherosclerotic plaque destabiliza-
tion (4).

A major characteristic of cancer pathophysiology is
the increased metabolic need and use of glucose as
the main substrate for energy production via glycol-
ysis, resulting in increased glucose uptake from can-
cer cells across a broad range of malignancies.
Furthermore, upregulation of glucose metabolism
promotes an acidic cellular milieu due to lactic acid
formation, inducing carcinogenesis. Beyond cancer
cells, metabolically active cells within the tumor
microenvironment, such as neutrophils and macro-
phages, also present elevated glucose uptake (3).

18F-fluorodeoxyglucose (18F-FDG) positron emis-
sion tomography–computed tomography (PET/CT) is
a versatile tool with an established role not only in
oncology, but also in inflammatory diseases for the
assessment of arterial inflammation in various set-
tings such as rheumatoid arthritis, psoriasis, and HIV
infection (5–7). 18F-FDG PET/CT imaging demon-
strates good performance for the diagnosis and
assessment of disease severity in different types of
vasculitis (8,9). Subclinical atherosclerosis has also
been evaluated on the basis of selective FDG uptake
by metabolically active macrophages within athero-
sclerotic plaques (10,11). Importantly, arterial FDG
uptake has been associated with risk of subsequent
cardiovascular events (12).
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The potential impact of systemic inflam-
matory activation on arterial inflammation in
lymphoma remains unexplored. The aim of
the present study was to test the hypothesis
that lymphoma is associated with arterial
inflammation by examining the relationship
between disease metabolic burden and arte-
rial FDG uptake in Hodgkin’s and non-Hodg-
kin’s lymphoma.

METHODS

STUDY POPULATION. Between July 2015 and
July 2018, 62 consecutive patients with a
histologically confirmed new diagnosis of
lymphoma were prospectively enrolled
across 4 centers. Patients provided written
informed consent to undergo 2 PET scans
(one clinically indicated at 60 min and a
second one at 120 min for assessment of
aortic uptake). The study was approved by
the Institutional Research Ethics Committee
of the coordinating center and conducted
according to institutional guidelines and the

Declaration of Helsinki.

Clinical staging of lymphoma was based on Ann
Arbor classification (Cotswolds modification) (13).
Sociodemographic data, history of cerebrovascular
and cardiovascular events, cardiovascular risk fac-
tors, and current medical therapy of patients, as well
as routine laboratory tests, were collected for all pa-
tients. Family history of cardiovascular disease (CVD)
included history of acute myocardial infarction and
nonembolic stroke, and dyslipidemia was defined if
the patient had already been categorized as dyslipi-
demic or was already on treatment for dyslipidemia.
The Framingham 10-year CVD risk score (body mass
index [BMI]–based formula) was used to assess each
patient’s CVD risk (14,15). Exclusion criteria were
recent (<6 months) cardiovascular event, aortitis,
active infection or systemic autoimmune disease,
venous thromboembolic disease, renal failure, and
treatment with anti-inflammatory agents. Patients
with inadequate images for analysis owing to exces-
sive spillover within the arterial wall from
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surrounding nodal or extranodal FDG uptake were
also excluded. Each of the active lymphoma group
were matched (2:1) for age, sex, and cardiovascular
risk factors to 2 prospectively selected control groups.
Control groups consisted of patients who had been
diagnosed with lymphoma and had been disease-free
for more than 1 year (mean 19.3 [range 12 to 48]
months after last treatment), free of active malig-
nancy or active systemic inflammatory disorder at the
time of 18F-FDG PET/CT imaging, and scheduled
to undergo an 18F-FDG PET CT scan for clinical
purposes.
18F-FDG PET/CT IMAGING. Patients with newly diag-
nosed lymphoma underwent 18F-FDG PET/CT imag-
ing within 7 days prior to the initiation of
chemotherapy, after fasting for at least 6 h prior to
the study. None of the patients had blood glucose
levels >180 mg dl–1 before injection. FDG was injec-
ted intravenously (5 MBq/kg), and scanning was
performed at 60- and 120-min post-injection for
disease staging evaluation and aortic tracer uptake
assessment, respectively. Patients were scanned
from the base of the skull to the upper third of the
thighs on a hybrid PET/CT scanner (Biograph 6,
Siemens, Forchheim, Germany). For the second scan,
acquisition was restricted to the thoracic and
abdominal region. A low-dose CT scan in supine
position was obtained, with patients’ arms placed
above their heads. No CT intravenous contrast was
administered. CT images were acquired with 30 mA,
130 KV, axial slice thickness of 5 mm, and table feed
rotation of 27 mm per tube rotation. PET scanning
followed immediately over the same predefined
body region, and the images were reconstructed us-
ing a standard iterative ordered subset expectation
maximization algorithm. The image reconstruction
matrix employed was 168 � 168. The reconstruction
scheme of choice in this work consisted of 4 itera-
tions and 8 subsets.

IMAGE ANALYSIS. Lymphoma sites were manually
analyzed using a consensus-based assessment by 3
nuclear medicine physicians, 2 with >5 years’ expe-
rience in PET/CT reporting (N.P. and A..G) and a third
(C.D.A.) with >10 years’ experience. Pathological
uptake was distinguished from physiological or up-
take unrelated to lymphoma according to the lesions’
distribution and the CT features. Regions of interest
were drawn around nodal or extranodal pathological
lesions. Measurements of FDG uptake in the spleen,
liver, and bone marrow were performed in cases of
focal uptake. The spleen was also included in the
analysis, in cases of diffusely increased uptake in
the absence of bone marrow reactive changes.
Conversely, the bone marrow was included in the
analysis, only in patients with intense diffuse FDG
uptake and a positive biopsy confirming bone
marrow involvement.

Metabolic burden was quantified by metabolic tu-
mor volume (MTV) and total lesion glycolysis (TLG)
based on mean and maximum derived standardized
uptake values (SUVs). SUV, MTV, and TLG values
were calculated according to the following equations:

SUV ¼ Patient Weight � Activity on the Image
Decay Factor � Injected Activity

MTV
�
cm3� ¼

Number of Voxels Within Disease Region� Voxel Size3

1;000

TLG ¼ MTV � SUVmean

Volumes with SUV $41% or $2.5 of the maximum
SUV were selected and the corresponding MTV and
TLG values were calculated (16,17). The total MTV was
summed over the total volumes of interest.

AORTIC FDG UPTAKE ASSESSMENT. 18F-FDG PET/
CT images were assessed in consensus by 2 in-
vestigators with experience in cardiovascular PET/
CT image analysis (reader 1 [P.K.] and reader 2
[I.K.]) without knowledge of patients’ data. Aortic
FDG uptake quantification has been previously
described (18,19). In brief, regions of interest around
the aortic wall were manually drawn along the
entire aorta in consecutive axial slices at intervals
of 5 mm. Metabolic activity within each arterial re-
gion of interest was measured by maximum SUV
(SUVmax). In the next step, 6 consecutive circular
regions of interest of 3 mm diameter were drawn
within the superior vena cava and an average
venous SUVmean value was calculated. The arterial
target-to-background ratio (TBR) was then derived
by dividing the mean aortic SUVmax to the average
value of venous SUVmean. Finally, aortic TBR was
calculated as the sum of TBRs of the ascending and
descending aorta, aortic arch, and suprarenal and
infrarenal abdominal aorta divided by 5. For
corroboration of our results, we proceeded with the
same analyses using aortic TBR that was derived by
dividing the mean aortic SUVmax to the average
value of liver SUVmean (20,21).

AORTIC CALCIFICATION ASSESSMENT. CT images
were assessed by an experienced investigator (E.S.). A
semi-quantitative method was used to examine the
scans for the presence of calcified plaque in the walls
of the same arterial segments studied with 18F-FDG
PET. The amount of calcification was ranked accord-
ing to a scale modified from previous investigations



TABLE 1 Characteristics of the Study Population

Newly Diagnosed
Non-Hodgkin’s Lymphoma

(n ¼ 28)

Non-Hodgkin’s Lymphoma
Without Active Disease
Control Group 1 (n ¼ 14) p Value

Newly Diagnosed
Hodgkin’s Lymphoma

(n ¼ 34)

Hodgkin’s Lymphoma
Without Active Disease
Control Group 2 (n ¼ 17) p Value

Age, yrs 63.3 � 14.0 63.3 � 10.1 0.993 54.1 � 20.1 54.1 � 16.5 0.996

Male 20 (71.4) 10 (71.4) 1.000 22 (64.7) 11 (64.7) 1.000

Weight, kg 78.1 � 14.3 88.4 � 16.0 0.041 78.9 � 19.5 86.5 � 13.6 0.157

Height, cm 169.6 � 10.6 172.9 � 8.3 0.324 169.0 � 8.9 171.0 � 7.8 0.261

BMI, kg/m2 27.2 � 5.0 29.8 � 6.5 0.156 27.54 � 6.3 29.5 � 5.7 0.295

Risk factor

Diabetes 3 (10.7) 3 (21.4) 0.383 3 (8.8) 2 (11.8) 1.000

Hypertension 13 (46.4) 7 (50) 0.824 7 (20.6) 1 (5.9) 0.242

Dyslipidemia* 11 (39.3) 6 (42.9) 0.824 4 (11.8) 1 (5.9) 0.654

Smokers 8 (28.6) 5 (35.7) 0.723 14 (41.2) 6 (35.3) 0.685

Framingham risk score, %† 27.7 � 20.2 28.6 � 16.5 0.889 23.4 � 21.6 20.0 � 17.6 0.574

Medication

Aspirin 5 (17.9) 1 (7.1) 0.645 4 (11.8) 1 (5.9) 0.654

ADP receptor inhibitor 2 (7.1) 0 0.545 1 (2.9) 0 1.000

ACE inhibitors 2 (7.1) 1 (7.1) 1.000 1 (2.9) 0 1.000

ARB 9 (32.1) 0 0.016 3 (8.8) 0 0.542

Beta-blocker 5 (17.9) 2 (14.3) 1.000 7 (20.6) 1 (5.9) 0.242

CCB 5 (17.9) 0 0.151 3 (8.8) 0 0.542

Statin 10 (35.7) 1 (7.1) 0.067 4 (11.8) 1 (5.9) 0.654

Ann Arbor stage

I/II 12 (42.9) — — 17 (50.0) — —

III/IV 16 (57.1) — — 17 (50.0) — —

Blood tests

WBC count, per ml‡ 7,400 (5,890–13,270) 5,729 (4,554–6,702) 0.001 8,760 (6,005–11,085) 6,603 (4,753–7,835) <0.001

N/L 3.23 (1.86–4.06) — — 3.22 (2.48–5.64) — —

hsCRP, mg/l§ 5.4 (2.2–40.0) 1.9 (1.3–2.5) 0.023 13.6 (4.5–53.6) 1.9 (1.3–3) <0.001

LDH, IU/l 293 (211–435) — — 225 (185–359) — —

Albumin, g/l 38.5 (34.0–42.0) — — 39.5 (33.5–42.0) — —

PET/CT findings

Aortic calcifications 3.0 (0.0–8.0) 5.0 (2.0–8.3) 0.163 2.0 (0.0–8.3) 2.0 (0.0–8.0) 0.967

TLG$41%, cm
3 281 (89–463) — — 196 (80–416) — —

TLG$2.5, cm
3 389 (199–1,398) — — 430 (93–802) — —

MTV$41%, cm3 25.9 (7.9–69.0) — — 29.7 (9.8–56.0) — —

MTV$2.5, cm
3 64 (28–143) — — 79 (18–129) — —

Aortic TBR 2.29 (1.96–2.60) 1.78 (1.45–2.05) <0.001 2.07 (1.83–2.29) 1.76 (1.61–1.92) <0.001

Values are mean � SD, n (%), or median (interquartile range). For the control group populations, only relevant inflammatory biomarkers are demonstrated (WBC count, hsCRP, aortic TBR) because disease
burden biomarkers (LDH, albumin, MTV$2.5, MTV$41%, TLG$2.5, TLG$41%) are not applicable. *Dyslipidemia was diagnosed if the patient was already diagnosed with dyslipidemia or was already on treatment
for dyslipidemia. †Ten-year cardiovascular risk was calculated via Framingham risk score using patients’ BMI. ‡10 of 14 patients from the non-Hodgkin’s control group had WBC measured and 10 of 17 patients
from the non-Hodgkin’s control group had WBC measured. §Fourteen of 17 patients from the non-Hodgkin’s group had hsCRP measured.

ACE ¼ angiotensin-converting enzyme; ADP ¼ adenosine diphosphate; ARB ¼ angiotensin II receptor blocker; BMI ¼ body-mass index; CCB ¼ calcium-channel blocker; CT ¼ computed tomography;
CVD ¼ cardiovascular disease; hsCRP ¼ High-sensitivity C-reactive protein; LDH ¼ lactate dehydrogenase; MTV ¼ metabolic tumor volume; N/L ¼ neutrophil-to-lymphocyte ratio; PET ¼ positron emission
tomography; TBR ¼ target-to-background ratio; TLG ¼ total lesion glycolysis; WBC ¼ white blood cell.
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(22,23): a score of 0 was assigned when calcified pla-
que was absent; 1 was assigned when a small calcified
plaque covering <10% of the vessel circumference
was found; 2 was assigned when the calcified plaque
involved 10% to 25% of the vessel circumference; 3
was assigned when 25% to 50% of the circumference
was involved; and 4 was assigned when more than
50% of the vessel circumference was involved. The
calcified plaque scores were summed for ascending
aorta, aortic arch, descending aorta, and suprarenal
and infrarenal abdominal aorta (total score range
0 to 20).

EVALUATION OF SYSTEMIC INFLAMMATION. Before
18F-FDG PET/CT imaging, blood was obtained and
serum was separated by centrifugation at 4,000 rpm
for 10 min at 4�C and stored at �81�C. Serum bio-
markers of systemic inflammation such as high-
sensitivity C-reactive protein (hsCRP), white blood
cell (WBC) count, ratio of neutrophils to lymphocytes,
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and surrogate markers of lymphoma’s severity, such
as serum lactate dehydrogenase (LDH) and albumin,
were also measured at each participating center.

STATISTICAL ANALYSIS. Sample size calculation
was performed a priori (Supplemental Appendix).
Quantitative data are presented as mean � SD or
median (interquartile range), while qualitative vari-
ables are presented as frequencies with percentages.
Variables were tested for normality using the
Kolmogorov-Smirnov test.

Student’s t-test and chi-square or Fisher’s exact
test were employed for between-groups comparisons
for continuous and categorical variables, respec-
tively. Differences between groups in non-normal
variables were assessed by the Mann-Whitney U
test. To assess the relationship between disease
severity indices and markers of systemic and vascular
inflammatory process, Pearson’s correlation (rp) co-
efficient was used. Correlations between the sum of
the aortic calcification score and aortic inflammation
or disease burden were evaluated by the Spearman’s
correlation coefficient (rs).

Measures of aortic inflammation (aortic TBR) and
imaging disease burden (TLG$41%, TLG$2.5, MTV$41%,
or MTV$2.5), and associations with demographic var-
iables and clinical characteristics were determined in
univariable analyses. Multivariable linear regression
analyses with aortic TBR or MTV$2.5 as dependent
variables, adjusted for potential confounders, were
then performed. Covariates for the multivariable
modeling were chosen based on their clinical rele-
vance or known association with aortic TBR or
MTV$2.5 and cardiovascular risk. Age, sex, and BMI
were used as covariates for the models evaluating the
association between aortic TBR (dependent variable)
and MTV$2.5 (dependent variable) with circulating
biomarkers. Furthermore, for the models evaluating
aortic TBR and associations with TLG$41%, TLG$2.5,
MTV$41%, or MTV$2.5, the following covariates were
considered: 10-year Framingham risk score, aortic
calcification, dyslipidemia, and family history of CVD.
Similarly, for the comparison between patients (non-
Hodgkin’s lymphoma or Hodgkin’s lymphoma and
control subjects) regarding aortic TBR levels, the
following covariates were considered: age, sex, BMI,
10-year Framingham risk score, family history of CVD,
and aortic calcification. For the regression models,
parameters that exhibited a non-normal distribution
were log-transformed (logAortic TBR or logMTV$2.5).
Standardized b coefficients with 95% confidence in-
tervals (CIs) are presented. R2 is reported to assess
amount of variability accounted for by the covariates
in the model.
In order to further describe our results, we cate-
gorized patients according to increased levels of
18F-FDG uptake: 1) aortic TBR equal to or more than
2.68 (n ¼ 8 of 62), a proposed cutoff for increased
inflammation of the aorta as used in previous studies
(24,25); and 2) metabolic burden (MTV$2.5 equal to or
more than 268 [n ¼ 6 of 62]), which has been shown to
be a marker of severity of disease and predictor of
worse outcome in lymphoma patients (26). To explore
factors associated with increased aortic FDG
uptake $2.68, a univariable logistic regression anal-
ysis with the covariates including an increased
metabolic burden (MTV$2.5 equal to or more than 268)
and lymphoma type were evaluated. Results are
presented as odds ratio (OR) with 95% CI.

Intraclass correlation coefficients with 95% CIs
were calculated to test the intraobserver variability
(2-way random-effects model with absolute agree-
ment) and also to assess interobserver agreement
(2-way mixed-effects model with absolute agree-
ment) (27) for TBR assessment. For reader 1, the 95%
CI was between 0.991 and 0.999 (p < 0.001). For
reader 2, the 95% CI was between 0.981 and 0.997
(p < 0.001). The interrater agreement between reader
1 and reader 2 was strong, with a 95% CI from 0.913 to
0.989 (p ¼ 0.001). Bland-Altman plots to assess inter-
reader variability are also provided (Supplemental
Figure 1).

A 2-tailed p value <0.05 was considered signifi-
cant. All statistical analyses were performed with the
SPSS version 20.0 (IBM, Armonk, New York).

RESULTS

STUDY POPULATION. In total, 62 consecutive pa-
tients (42 men, mean age 58.2 years) with newly
diagnosed Hodgkin’s (n ¼ 34) or non-Hodgkin’s lym-
phoma (n ¼ 28) and 2 control groups of 17 and 14
patients, respectively, previously treated for Hodg-
kin’s and non-Hodgkin’s lymphoma without active
disease, were enrolled in the study. In Table 1, the
demographic, clinical, laboratory, and PET charac-
teristics of all patients are summarized.

ASSOCIATION BETWEEN CANCER DISEASE BURDEN

AND SERUM BIOMARKERS. In univariable analysis,
PET-derived indices of disease severity were associ-
ated with serum markers of disease severity (Table 2).
In particular, an inverse association was found be-
tween MTV values (logMTV$2.5) and plasma albumin
levels. In addition, patients with increased MTV
values had elevated serum LDH levels and serum in-
flammatory markers. In particular, MTV values
correlated with hsCRP levels, and individuals with
higher MTV values had increased neutrophil-to-

https://doi.org/10.1016/j.jaccao.2020.11.001
https://doi.org/10.1016/j.jaccao.2020.11.001
https://doi.org/10.1016/j.jaccao.2020.11.001


TABLE 2 Associations of Disease Severity (logMTV$2.5) With Biomarkers in Patients With

Active Hodgkin’s or Non-Hodgkin’s Lymphoma

Unadjusted Correlations Multivariable Associations

rp 95% CI p Value b 95% CI p Value

Albumin –0.385 –0.597 to –0.122 0.005 –0.362 –0.662 to –0.086 0.012

LDH 0.561 0.350 to 0.718 <0.001 0.527 0.289 to 0.763 <0.001

hsCRP 0.378 0.139 to 0.575 0.003 0.371 0.123–0.647 0.005

N/L 0.420 0.154 to 0.629 0.003 0.434 0.154–0.717 0.003

WBC 0.141 –0.124 to 0.389 0.295 — — —

The dependent variable was logMTV$2.5. Unadjusted correlations using Pearson’s correlation coefficients dem-
onstrates correlation of disease severity as assessed by 18F-FDG PET/CT by means of MTV$2.5 and biomarkers.
Multivariable analysis using linear multiple regression analysis demonstrates the correlation between MTV$2.5

and biomarkers after adjustment for age, sex, and BMI.
18F-FDG ¼ F-18 fluorodeoxyglucose; other abbreviation as in Table 1.

TABLE 3 Metabolic Burden and Aortic FDG Uptake According to Lymphoma Stage

PET-Derived
Measurements

Ann Arbor
Stages I/II

Ann Arbor
Stages III/IV

Median Difference
(95% CI) p Value

MTV$41%, cm
3 15.1 (6.7–44.1) 33.5 (12.7–82.3) 17.9 (32.2 to 0.3) 0.041

MTV$2.5, cm
3 28.6 (10.5–55.6) 105.0 (77.5–240.5) 73.8 (109.8 to 51.3) <0.001

Aortic TBR 2.06 (1.83–2.27) 2.23 (2.01–2.54) 0.20 (0.39 to 0.00) 0.050

Values are median (interquartile range), unless otherwise indicated. Analysis performed in 60 patients (2 patients
excluded due to rapid progression of disease).

CI ¼ confidence interval; other abbreviations as in Table 1.
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lymphocyte ratio levels. All associations remained
significant after adjustment for age, sex, and BMI
(Table 2). No significant association was observed
between MTV$2.5 values and WBC count. Similar
findings were observed for disease severity as
assessed by TLG$2.5 and TLG$41% and serum bio-
markers (Supplemental Table 1)

ASSOCIATION BETWEEN AORTIC FDG UPTAKE AND

SERUM BIOMARKERS. In univariable models, aortic
TBR was associated with hsCRP, neutrophil-to-
lymphocyte ratio, LDH, and albumin levels, while
no significant correlation was observed with WBC
count values. After adjustment for age, sex, and BMI,
the observed associations remained significant
(Supplemental Table 2).

COMPARISON OF AORTIC TBR BETWEEN HODGKIN’S OR

NON-HODGKIN’S PATIENTS AND CONTROL GROUPS.

Aortic TBR was higher in patients with newly diag-
nosed non-Hodgkin’s lymphoma compared with the
control group without active disease (median differ-
ence 0.51; 95% CI: 0.28 to 0.78); p < 0.001). Similarly,
patients with Hodgkin’s lymphoma had higher values
of aortic TBR compared with the control group (me-
dian difference 0.31; 95% CI: 0.15 to 0.49); p < 0.001)
(Table 1). In models adjusted for age, sex, BMI, aortic
calcifications, Framingham risk score and family his-
tory of CVD, results were similar, with higher values
of aortic TBR in groups with active lymphoma
(Supplemental Table 3). However, the aortic liver TBR
was not significantly different between groups, and
there was no significant correlation with hsCRP,
suggesting that the liver might also be affected by this
underlying inflammatory process (Supplemental
Tables 4 to 6).

COMPARISON OF PET DERIVED INDICES BETWEEN

INDIVIDUALS WITH STAGE I TO II VERSUS STAGE III

TO IV LYMPHOMA. Patients with stage III to IV lym-
phoma had increased MTV$41% and MTV$2.5 values
compared with individuals with stage I to II disease.
In addition, aortic TBR in patients with stage III to IV
disease was modestly elevated, with borderline sta-
tistical significance (p ¼ 0.050), compared with in-
dividuals with stage I to II disease (Table 3). The
results were similar for TLG-related parameters
(Supplemental Table 7).

ASSOCIATION BETWEEN AORTIC FDG UPTAKE,

DISEASE BURDEN, AND AORTIC CALCIFICATION.

With respect to aortic calcification, 19 of 34 (56%)
patients with Hodgkin’s lymphoma and 17 of 28 (61%)
patients with non-Hodgkin’s lymphoma demon-
strated aortic calcification of grade 1 to 3 in one of the
segments. There was no significant difference in
aortic calcification between patients with active
Hodgkin’s lymphoma and the control group (Table 1).
Similarly, patients with active non-Hodgkin’s lym-
phoma did not demonstrate significant differences in
aortic calcification compared with control subjects
(Table 1). Furthermore, no correlation was observed
between aortic TBR and the sum of the aortic calcifi-
cation score in lymphoma patients (rs ¼ 0.020; 95%
CI: –0.231 to 0.269; p ¼ 0.877). There was also no as-
sociation between aortic calcification and disease
burden (correlation with MTV$2.5, rs ¼ 0.229; 95% CI:
–0.025 to 0.454; p ¼ 0.076).

ASSOCIATION OF LYMPHOMA DISEASE SEVERITY

AND AORTIC FDG UPTAKE. In univariable analysis,
there was a moderate correlation between both
MTV$41% or MTV$2.5 and aortic TBR (p < 0.001 and
p ¼ 0.004, respectively) (Figure 1). There was no as-
sociation between aortic TBR and 10-year Framing-
ham cardiovascular risk score (rp ¼ –0.008; 95% CI:
–0.257 to 0.243; p ¼ 0.952).

In multivariable analysis, aortic TBR remained
significantly associated with MTV$41% or MTV$2.5 af-
ter adjustment for the Framingham cardiovascular
risk score, aortic calcification, dyslipidemia, and
family history of CVD. In particular, after adjusting
for all the previous covariates, aortic TBR remained
positively associated with MTV$41% (b ¼ 0.407; 95%
CI: 0.167 to 0.649; p ¼ 0.001; R2 ¼ 0.191) and MTV$2.5

https://doi.org/10.1016/j.jaccao.2020.11.001
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FIGURE 1 Scatterplots of the Aortic TBR and MTV$41% and MTV$2.5 of the Maximum Standardized Uptake Value

Significant association between (A) metabolic tumor volume (MTV) >41% and (B) MTV$2.5 and aortic target-to-background ratio (TBR).
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(b ¼ 0.425; 95% CI: 0.189 to 0.662; p ¼ 0.001;
R2 ¼ 0.208) (Table 4). Illustrative cases of these
findings are shown in Figures 2 to 4. The results were
similar for TLG-related parameters (Supplemental
Table 8).

PREDICTORS OF INCREASED AORTIC FDG UPTAKE.

Aortic TBR was $2.68 in 8 of 62 patients and the
MTV$2.5 $268 in 6 of 62 patients. We then explored
for potential associations between lymphoma type
and metabolic burden and aortic inflammation.

Increased metabolic burden was associated with an
increased likelihood of increased aortic FDG uptake
(Table 5). Non-Hodgkin’s lymphoma tended towards,
TABLE 4 Results of Univariable Analysis andMultivariable Analysis De

Univariable Analysis (Log

b (95% CI)

MTV$41%*

Dyslipidemia (yes/no) 0.242 (–0.008 to 0.493)

Framingham 10-yr CVD risk score 0.022 (–0.237 to 0.280)

Family history of CVD 0.162 (–0.092 to 0.417)

Aortic calcification –0.088 (–0.345 to 0.169)

LogMTV$41% 0.347 (0.103 to 0.593)

MTV$2.5†

Dyslipidemia (yes/no) 0.242 (–0.008 to 0.493)

Framingham 10-yr CVD risk score 0.022 (–0.237 to 0.280)

Family history of CAD 0.162 (–0.092 to 0.417)

Aortic calcification –0.088 (–0.345 to 0.169)

LogMTV$2.5 0.393 (0.154 to 0.634)

*Framingham 10-year general CVD risk score prediction using BMI, aortic calcification, dys
R2 of model ¼ 0.191. †Framingham 10-year general CVD risk score prediction using BMI,
independent factors. R2 of model ¼ 0.208.

CAD ¼ coronary artery disease; SUV ¼ standardized uptake value; other abbreviations
but was not significantly associated with increased
aortic FDG uptake compared with Hodgkin’s
lymphoma.

DISCUSSION

In the present study, we demonstrate that aortic FDG
uptake quantified by PET is higher in patients with
newly diagnosed lymphoma compared with control
groups comprising lymphoma patients without active
disease. Moreover, aortic FDG uptake is associated
with disease burden as assessed by MTV and TLG
(Central Illustration).
monstrating the Association of Aortic TBRWith MTV$41% andMTV$2.5

Aortic TBR) Multivariable Analysis (LogAortic TBR)

p Value b (95% CI) p Value

0.058 0.283 (0.023 to 0.540) 0.033

0.868 0.062 (–0.215 to 0.338) 0.655

0.207 0.120 (–0.122 to 0.360) 0.325

0.496 –0.300 (–0.580 to –0.021) 0.036

0.006 0.407 (0.167 to 0.649) 0.001

0.058 0.251 (–0.006 to 0.507) 0.055

0.868 0.012 (–0.260 to 0.284) 0.928

0.207 0.142 (–0.097 to 0.381) 0.239

0.496 –0.251 (–0.522 to 0.020) 0.069

0.002 0.425 (0.189 to 0.662) 0.001

lipidemia, family history of CVD, and MTV $41% were included as independent factors.
aortic calcification, dyslipidemia, family history of CVD, and MTV $2.5 were included as

as in Tables 1 and 3.
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FIGURE 2 A 33-Year-Old Patient With Hodgkin’s Lymphoma Without Cardiovascular Risk Factors and With Aortic TBR of 2.61

(A) Maximum intensity projection, (B) coronal positron emission tomography, and (C) fused positron emission tomography–computed to-

mography of a 33-year-old patient with Hodgkin’s lymphoma without cardiovascular risk factors but significant disease burden and increased

aortic fluorodeoxyglucose uptake. Arrows indicate the aortic wall area with 18F-FDG uptake. SUV ¼ standardized uptake value; TBR ¼ target-

to-background ratio.

FIGURE 3 A 41-Year-Old Patient With Hodgkin’s Lymphoma Without Cardiovascular Risk Factors and With Aortic TBR of 1.88

(A) Maximum intensity projection, (B) coronal positron emission tomography, and (C) fused positron emission tomography–computed

tomography of a 41-year-old patient with Hodgkin’s lymphoma without cardiovascular risk factors and lower disease burden and aortic

fluorodeoxyglucose uptake than the patient illustrated in Figure 2. Arrows indicate the aortic wall area with 18F-FDG uptake. Abbreviations as

in Figure 2.
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FIGURE 4 A 72-Year-Old Patient From Control Group Without Cardiovascular Risk Factors and With Aortic TBR of 1.67

(A) Maximum intensity projection, (B) coronal positron emission tomography, and (C) fused positron emission tomography–computed to-

mography of a 72-year-old patient from control group without cardiovascular risk factors and lower aortic fluorodeoxyglucose uptake than

the patients illustrated in Figures 2 and 3. Arrows indicate the aortic wall area with 18F-FDG uptake. Abbreviations as in Figure 2.
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SYSTEMIC ANDVASCULAR INFLAMMATION IN LYMPHOMA:

PREVIOUS KNOWLEDGE AND NOVEL FINDINGS. We
found significant associations between disease
metabolic burden and inflammatory indices.
Although the pathophysiology of the relationship
between glucose metabolism within the malignant
cell and inflammatory activation has not been thor-
oughly investigated, our findings are in line with
prior work on lymphoma (28–30) demonstrating a
direct relationship between nodal or extranodal FDG
uptake with hsCRP, LDH, and albumin. A recent study
in pediatric patients with lymphoma reported no
significant association between PET-derived meta-
bolic indices and erythrocyte sedimentation rate,
serum albumin, and WBC count (31). In contrast, a
number of studies on solid tumors support a strong
relationship between tumor metabolic activity and
inflammatory biomarkers such as hsCRP, WBC count,
and neutrophil-to-lymphocyte ratio (32–34).
TABLE 5 Univariable Associations Between Aortic TBR $2.68

and Lymphoma Type and MTV

Odds Ratio 95% CI p Value

Type of lymphoma
(reference: Hodgkin’s lymphoma)

4.36 0.81–23.65 0.087

MTV$2.5 $268 (reference: <268) 10.00 1.58–63.32 0.014

Abbreviations as in Tables 1 and 3.
Moreover, it has been shown previously that
tumor-associated macrophages’ functionality is
influenced by tumor histological grade (35). There are
also sporadic reports that include case series
demonstrating that vasculitis is related to lymphoma;
however, to the best of our knowledge, this is the first
study to demonstrate a direct association between
disease metabolic burden and aortic FDG uptake
(36,37). In our study, aortic TBR was associated with
neutrophil-to-lymphocyte ratio and hsCRP. The as-
sociation of aortic TBR with inflammatory markers
can be explained on the basis that increased 18F-FDG
uptake in the arterial wall reflects low-grade inflam-
mation of the arterial wall. Indeed, previous work in
this field has demonstrated a positive correlation
between hsCRP and arterial inflammation as assessed
by 18F-FDG PET/CT (38,39). However, other studies
have demonstrated an inconsistent relationship be-
tween C-reactive protein and arterial FDG uptake
even in the presence of vasculitis (40). Therefore, our
findings remain to be validated in future large-scale
studies.

The lack of association between arterial calcifica-
tion and arterial FDG uptake may be related to the
fact that calcification represents a late stage of
atherosclerosis, whereas FDG uptake reflects an
active inflammation process that could potentially be
reversible (39), and further implies that the metabolic
tumor burden, rather than aortic atherosclerosis, may



CENTRAL ILLUSTRATION Severity and Type of Lymphoma Are Associated With Aortic 18F-FDG Uptake Assessed by
PET/CT

Vlachopoulos, C.V. et al. J Am Coll Cardiol CardioOnc. 2020;2(5):758–70.

Positron emission tomography–computed tomography (PET/CT)–derived indices can provide an evaluation of disease severity and its consequences to the arterial wall

with a single examination, in patients with lymphoma—a potential role of molecular imaging in cardio-oncology. 18F-FDG ¼ 18F-fluorodeoxyglucose; MTV ¼ metabolic

tumor volume; TBR ¼ target-to-background ratio.
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be the determinant of arterial inflammation in our
population.

ASSOCIATION BETWEEN DISEASE BURDEN AND

AORTIC FDG UPTAKE: POSSIBLE UNDERLYING

MECHANISMS. Several mechanisms may explain the
link between lymphoma grade and systemic and
arterial inflammation. Gene mutations that lead to
carcinogenesis promote local and systemic inflam-
mation. This may occur through several mechanisms,
such as stimulation of the secretion of proin-
flammatory mediators, differentiation and conse-
quently activation of local immune cells (neutrophils
and monocytes) within tumor microenvironment
(41), formation of neutrophil extracellular traps (42),
activation of nuclear factor-kappa B, and
dysregulation of efferocytosis (phagocytosis of
proinflammatory cellular necrotic remnant), all of
which lead to the augmentation of inflammation
(43–45). Consequently, monocytes enter systemic
circulation and differentiate to macrophages, which
are then inserted within the arterial wall, promoting
vascular inflammation. Importantly, the Warburg ef-
fect that occurs also in the context of inflammatory
immune response during progression of atheroscle-
rosis may explain the relationship between disease
severity and systemic and arterial inflammatory
activation observed in the present study (46,47).

POTENTIAL CLINICAL RELEVANCE. Aortic inflam-
mation as assessed by 18F-FDG PET/CT imaging has
been associated with cardiovascular events in various



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Our

findings suggest an association between lymphoma

disease burden and arterial inflammation and high-

light a potential role of 18F-FDG PET/CT imaging in

cardio-oncology risk assessment.

TRANSLATIONAL OUTLOOK: Further research is

needed in order to further understand the relationship

between lymphoma and inflammation and the natural

history of these findings. Additional research is

necessary to determine optimal management of indi-

viduals with elevated aortic FDG uptake.
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populations, patients with a history of cancer, and
symptomatic or healthy subpopulations (23,48,49).
Subclinical arterial inflammation has also been
related to worsening arterial stiffness (50), which is
an important predictor of cardiovascular events
(51–53). Our results should be regarded as hypothesis-
generating, and we acknowledge that they do not
demonstrate causality. However, the results support
the hypothesis that the increased cardiovascular risk
of lymphoma survivors could be mediated (at least in
part) by vascular impairment. In patients with lym-
phoma, aortic TBR may not only be a prognostic
marker of cardiovascular events, but conceptually,
an additional surrogate marker of disease severity.
With future study, PET/CT-derived indices can be
assessed early during the course of the disease and
potentially guide cardiovascular management (i.e.,
closer follow-up in high-risk patients), predict out-
comes, and serve to gauge the effects of disease-
targeting or specific cardioprotective strategies.

STUDY LIMITATIONS. First, a relatively small number
of patients with lymphoma were enrolled, preventing
a detailed comparison between Hodgkin’s and non-
Hodgkin’s lymphoma. As such, we were also unable
to use propensity matching; however, the number of
patients studied was based on a priori power sample
size calculation, and our statistical approach was
robust. Second, the correlation between MTV or TLG,
or circulating markers of disease severity, and aortic
TBR may suggest specific pathophysiologic pathways;
however, these associations cannot prove causality.
Furthermore, correlations between disease burden
indices and arterial FDG were modest; however, our
study generates important hypotheses and motivates
additional studies. Finally, the study design does not
allow detailed mechanistic insights into the complex
relationship between lymphoma and inflammation or
the natural history and change over time. Moreover,
no recommendations as of yet can be made for the
management of individuals with elevated FDG aortic
uptake. However, these aspects were beyond
the scope of the present observational study and
need to be addressed in larger prospective multi-
center studies.
CONCLUSIONS

Aortic FDG uptake is elevated in patients with lym-
phoma and associated with metabolic tumor burden.
These findings indicate a potential role of molecular
imaging in cardio-oncology, which can provide an
evaluation of disease severity and its consequences to
the arterial wall with a single examination.

AUTHOR DISCLOSURES

The study was funded by the Hellenic Society of Lipidology,

Atherosclerosis and Vascular disease. The authors have reported that

they have no relationships relevant to the contents of this paper to

disclose.

ADDRESS FOR CORRESPONDENCE: Dr. Charalambos
Vlachopoulos, 1st Cardiology Department, Athens
Medical School, National and Kapodistrian University
of Athens, Hippokration Hospital, Profiti Elia 24,
Athens 14575, Greece. E-mail: cvlachop@otenet.gr.
OR Dr. Constantinos D. Anagnostopoulos, Center for
Experimental Surgery, Clinical & Translational
Research, Biomedical Research Foundation Academy
of Athens, 4 Soranou Ephessiou Street, 115 27 Athens,
Greece. E-mail: cdanagnostopoulos@bioacademy.gr.
Twitter: ARteryTEAM (@a_rtery), @dterentes,
@SolomouEirini.
RE F E RENCE S
1. Carbone A, Tripodo C, Carlo-Stella C,
Santoro A, Gloghini A. The role of inflamma-
tion in lymphoma. Adv Exp Med Biol 2014;
816:315–33.

2. Pileri SA, Ascani S, Leoncini L, et al. Hodgkin’s
lymphoma: the pathologist’s viewpoint. J Clin
Pathol 2002;55:162–76.
3. Dolan RD, McLees NG, Irfan A, et al. The rela-
tionship between tumour glucose metabolism and
host systemic inflammatory responses in patients
with cancer: a systematic review. J Nucl Med
2019;60:467–71.

4. Van Eeden S, Leipsic J, Paul Man SF, Sin DD. The
relationship between lung inflammation and
cardiovascular disease. Am J Respir Crit Care Med
2012;186:11–6.

5. Naik HB, Natarajan B, Stansky E, et al. Severity of
psoriasis associates with aortic vascular inflamma-
tion detected by FDG PET/CT and neutrophil acti-
vation in a prospective observational study.
Arterioscler Thromb Vasc Biol 2015;35:2667–76.

mailto:cvlachop@otenet.gr
mailto:cdanagnostopoulos@bioacademy.gr
https://twitter.com/ARteryTEAM
https://twitter.com/dterentes
https://twitter.com/SolomouEirini
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref1
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref1
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref1
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref1
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref2
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref2
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref2
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref3
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref3
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref3
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref3
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref3
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref4
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref4
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref4
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref4
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref5
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref5
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref5
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref5
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref5


J A C C : C A R D I O O N C O L O G Y , V O L . 2 , N O . 5 , 2 0 2 0 Vlachopoulos et al.
D E C E M B E R 2 0 2 0 : 7 5 8 – 7 0 Lymphoma Grade and Aortic FDG Uptake

769
6. Geraldino-Pardilla L, Zartoshti A, Ozbek AB,
et al. Arterial inflammation detected with 18 F-
fluorodeoxyglucose-positron emission tomogra-
phy in rheumatoid arthritis. Arthritis Rheumatol
2018;70:30–9.

7. Longenecker CT, Sullivan CE, Morrison J, et al.
The effects of HIV and smoking on aortic and
splenic inflammation. AIDS 2018;32:89–94.

8. Walter MA, Melzer RA, Schindler C, Müller-
Brand J, Tyndall A, Nitzsche EU. The value of [18F]
FDG-PET in the diagnosis of large-vessel vasculitis
and the assessment of activity and extent of dis-
ease. Eur J Nucl Med Mol Imaging 2005;32:
674–81.

9. Soussan M, Nicolas P, Schramm C, et al. Man-
agement of large-vessel vasculitis with FDG-PET:
a systematic literature review and meta-analysis.
Medicine (Baltimore) 2015;94:e622.

10. McKenney-Drake ML, Moghbel MC, Paydary K,
et al. 18F-NaF and 18F-FDG as molecular probes in
the evaluation of atherosclerosis. Eur J Nucl Med
Mol Imaging 2018;45:2190–200.

11. Toutouzas K, Koutagiar I, Benetos G, et al.
Inflamed human carotid plaques evaluated by
PET/CT exhibit increased temperature: insights
from an in vivo study. Eur Heart J Cardiovasc Im-
aging 2017;18:1236–44.

12. Paulmier B, Duet M, Khayat R, et al. Arterial
wall uptake of fluorodeoxyglucose on PET imaging
in stable cancer disease patients indicates higher
risk for cardiovascular events. J Nucl Cardiol
2008;15:209–17.

13. Lister TA, Crowther D, Sutcliffe SB, et al.
Report of a committee convened to discuss the
evaluation and staging of patients with Hodgkin’s
disease: Cotswolds meeting. J Clin Oncol 1989;7:
1630–6.

14. Faeh D, Braun J, Bopp M. Body mass index vs
cholesterol in cardiovascular disease risk pre-
diction models. Arch Intern Med 2012;172:
1766–8.

15. D’Agostino RB, Vasan RS, Pencina MJ, et al.
General cardiovascular risk profile for use in pri-
mary care. Circulation 2008;117:743–53.

16. Mettler J, Müller H, Voltin CA, et al. Metabolic
tumour volume for response prediction in
advanced-stage Hodgkin lymphoma. J Nucl Med
2019;60:207–11.

17. Ilyas H, Mikhaeel NG, Dunn JT, et al. Defining
the optimal method for measuring baseline
metabolic tumour volume in diffuse large B cell
lymphoma. Eur J Nucl Med Mol Imaging 2018;45:
1142–54.

18. Toutouzas K, Skoumas J, Koutagiar I, et al.
Vascular inflammation and metabolic activity in
hematopoietic organs and liver in familial com-
bined hyperlipidemia and heterozygous familial
hypercholesterolemia. J Clin Lipidol 2018;12:
33–43.

19. Brili S, Oikonomou E, Antonopoulos AS, et al.
18F-fluorodeoxyglucose positron emission to-
mography/computed tomographic imaging de-
tects aortic wall inflammation in patients with
repaired coarctation of aorta. Circ Cardiovasc Im-
aging 2018;11:e007002.

20. Ahlman MA, Vigneault DM, Sandfort V, et al.
Internal tissue references for 18Fluorodeox-
yglucose vascular inflammation imaging: implica-
tions for cardiovascular risk stratification and
clinical trials. PLoS One 2017;12:e0187995.

21. Ahlman MA, Maass-Moreno R, Shin D,
Sandfort V, Bluemke D. Target-to-liver ratio is less
susceptible to variation in uptake time and blood
activity. J Nucl Med 2017;58 Suppl 1:615.

22. Brown ER, Kronmal RA, Bluemke DA, et al.
Coronary calcium coverage score: determination,
correlates, and predictive accuracy in the Multi-
Ethnic Study of Atherosclerosis. Radiology 2008;
247:669–75.

23. Rominger A, Saam T, Wolpers S, et al. 18F-FDG
PET/CT identifies patients at risk for future
vascular events in an otherwise asymptomatic
cohort with neoplastic disease. J Nucl Med 2009;
50:1611–20.

24. Van der Valk FM, Verweij SL, Zwinderman KA,
et al. Thresholds for arterial wall inflammation
quantified by 18F-FDG PET imaging: implications
for vascular interventional studies. J Am Coll
Cardiol Img 2016;9:1198–207.

25. Vlachopoulos C, Koutagiar I, Skoumas I, et al.
Long-term administration of proprotein con-
vertase subtilisin/Kexin type 9 inhibitors reduces
arterial FDG uptake. J Am Coll Cardiol Img 2019;
12:2573–4.

26. Akhtari M, Milgrom SA, Pinnix CC, et al.
Reclassifying patients with early-stage Hodgkin
lymphoma based on functional radiographic
markers at presentation. Blood 2018;131:84–94.

27. Eliasziw M, Young SL, Woodbury MG, Fryday-
Field K. Statistical methodology for the concurrent
assessment of interrater and intrarater reliability:
using goniometric measurements as an example.
Phys Ther 1994;74:777–88.

28. Ucar E, Yalcin H, Kavvasoglu GH, Ilhan G.
Correlations between the maximum standard
uptake value of positron emission tomography/
computed tomography and laboratory parame-
ters before and after treatment in patients
with lymphoma. Chin Med J (Engl) 2018;131:
1776–9.

29. Milanovic N, Matkovic S, Ristic D, Jelic S,
Petrovic M. Significance of tumor burden, vascular
endothelial growth factor, lactate dehydrogenase
and beta-2 microglobulin serum levels in
advanced diffuse large B cell lymphoma. J BUON
2012;17:497–501.

30. Wu X, Pertovaara H, Korkola P, et al. Corre-
lations between functional imaging markers
derived from PET/CT and diffusion-weighted MRI
in diffuse large B-cell lymphoma and follicular
lymphoma. PLoS One 2014;9:e84999.

31. Tatcı E, Uslu Biner _I, Emir S, et al. The corre-
lation between pre-treatment fluorodeoxyglucose
positron emission tomography/computed tomog-
raphy parameters and clinical prognostic factors in
pediatric Hodgkin lymphoma. Mol Imaging Radio-
nucl Ther 2017;26:9–16.
32. McSorley ST, Khor BY, Tsang K, et al. The
relationship between 18F-FDG-PETCT derived
markers of tumour metabolism and systemic
inflammation in patients with recurrent disease
following surgery for colorectal cancer. Colorectal
Dis 2018;20:407–15.

33. Jeong E, Hyun SH, Moon SH, Cho YS, Kim BT,
Lee KH. Relation between tumor FDG uptake and
hematologic prognostic indicators in stage I lung
cancer patients following curative resection.
Medicine (Baltimore) 2017;96:e5935.

34. Koukourakis MI, Kambouromiti G, Pitsiava D,
Tsousou P, Tsiarkatsi M, Kartalis G. Serum C-
reactive protein (CRP) levels in cancer patients are
linked with tumor burden and are reduced by anti-
hypertensive medication. Inflammation 2009;32:
169–75.

35. Mantovani A, Marchesi F, Malesci A, Laghi L,
Allavena P. Tumour-associated macrophages
(TAM) as treatment targets in oncology. Nat Rev
Clin Oncol 2017;14:399–416.

36. Leshem E, Davidovitz Y, Meltzer E, Fefer P,
Ofek E, Sidi Y. Fulminant vasculitis: a rare fatal
complication of lymphoma. Acta Haematol 2006;
115:117–22.

37. Roldán Valadez E, Vega-González I, Valdi-
vieso-Cárdenas G. Panaortitis diagnosed by 18F-
FDG PET/CT scan in a patient with diffuse large B-
cell lymphoma. Rev Esp Med Nucl 2007;26:232–3.

38. Yoo HJ, Kim S, Park MS, et al. Vascular
inflammation stratified by C-reactive protein and
low-density lipoprotein cholesterol levels: anal-
ysis with 18F-FDG PET. J Nucl Med 2011;52:10–7.

39. Rudd JH, Myers KS, Bansilal S, et al. Re-
lationships among regional arterial inflammation,
calcification, risk factors, and biomarkers: a pro-
spective fluorodeoxyglucose positron-emission
tomography/computed tomography imaging
study. Circ Cardiovasc Imaging 2009;2:107–15.

40. Gomez L, Chaumet-Riffaud P, Noel N,
Lambotte O, Goujard C, Durand E, Besson FL. Ef-
fect of CRP value on 18F-FDG PET vascular posi-
tivity in Takayasu arteritis: a systematic review and
per-patient based meta-analysis. Eur J Nucl Med
Mol Imaging 2018;45:575–81.

41. Mantovani A, Allavena P, Sica A, Balkwill F.
Cancer-related inflammation. Nature 2008;454:
436–44.

42. Nie M, Yang L, Bi X, et al. Neutrophil extra-
cellular traps induced by IL-8 promote diffuse
large B cell lymphoma progression via the TLR9
signaling. Clin Cancer Res 2019;25:1867–79.

43. Scott DW, Gascoyne RD. The tumour micro-
environment in B cell lymphomas. Nat Rev Cancer
2014;14:517–34.

44. Diakos CI, Charles KA, McMillan DC, Clarke SJ.
Cancer-related inflammation and treatment
effectiveness. Lancet Oncol 2014;15:e493–503.

45. Werfel TA, Cook RS. Efferocytosis in the tumor
microenvironment. Semin Immunopathol 2018;
40:545–54.

46. Palsson-McDermott EM, O’Neill LA. The War-
burg effect then and now: from cancer to inflam-
matory diseases. Bioessays 2013;35:965–73.

http://refhub.elsevier.com/S2666-0873(20)30280-5/sref6
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref6
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref6
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref6
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref6
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref7
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref7
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref7
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref8
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref9
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref9
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref9
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref9
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref10
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref10
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref10
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref10
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref11
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref11
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref11
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref11
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref11
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref12
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref12
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref12
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref12
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref12
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref13
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref13
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref13
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref13
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref13
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref14
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref14
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref14
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref14
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref15
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref15
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref15
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref16
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref16
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref16
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref16
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref17
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref17
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref17
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref17
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref17
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref18
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref19
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref20
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref20
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref20
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref20
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref20
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref21
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref21
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref21
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref21
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref22
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref22
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref22
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref22
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref22
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref23
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref23
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref23
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref23
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref23
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref24
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref24
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref24
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref24
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref24
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref25
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref25
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref25
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref25
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref25
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref27
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref27
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref27
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref27
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref26
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref26
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref26
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref26
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref26
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref28
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref29
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref30
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref30
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref30
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref30
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref30
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref31
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref32
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref33
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref33
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref33
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref33
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref33
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref34
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref35
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref35
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref35
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref35
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref36
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref36
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref36
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref36
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref37
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref37
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref37
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref37
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref38
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref38
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref38
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref38
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref39
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref40
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref41
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref41
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref41
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref42
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref42
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref42
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref42
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref43
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref43
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref43
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref44
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref44
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref44
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref45
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref45
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref45
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref46
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref46
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref46


Vlachopoulos et al. J A C C : C A R D I O O N C O L O G Y , V O L . 2 , N O . 5 , 2 0 2 0

Lymphoma Grade and Aortic FDG Uptake D E C E M B E R 2 0 2 0 : 7 5 8 – 7 0

770
47. McGettrick AF, O’Neill LA. How metabolism
generates signals during innate immunity and
inflammation. J Biol Chem 2013;288:22893–8.

48. Figueroa AL, Abdelbaky A, Truong QA, et al.
Measurement of arterial activity on routine FDG
PET/CT images improves prediction of risk of future
CV events. J Am Coll Cardiol Img 2013;6:1250–9.

49. Marnane M, Prendeville S, McDonnell C,
et al. Plaque inflammation and unstable
morphology are associated with early stroke
recurrence in symptomatic carotid stenosis.
Stroke 2014;45:801–6.

50. de Boer SA, Hovinga-de Boer MC,
Heerspink HJ, et al. Arterial stiffness is positively
associated with 18F-fluorodeoxyglucose positron
emission tomography-assessed subclinical
vascular inflammation in people with early type 2
diabetes. Diabetes Care 2016;39:1440–7.

51. Vlachopoulos C, Xaplanteris P, Aboyans V,
et al. The role of vascular biomarkers for primary
and secondary prevention. A position paper from
the European Society of Cardiology Working
Group on peripheral circulation: endorsed by the
Association for Research into Arterial Structure
and Physiology (ARTERY) Society. Atherosclerosis
2015;241:507–32.

52. Terentes-Printzios D, Vlachopoulos C,
Xaplanteris P, et al. Cardiovascular risk factors
accelerate progression of vascular aging in the
general population: results from the CRAVE study
(Cardiovascular Risk Factors Affecting Vascular
Age). Hypertension 2017;70:1057–64.

53. Vlachopoulos C, Aznaouridis K, Stefanadis C. Pre-
diction of cardiovascular events and all-cause mortal-
ity with arterial stiffness: a systematic review and
meta-analysis. J Am Coll Cardiol 2010;55:1318–27.

KEY WORDS arterial inflammation,
lymphoma, metabolic burden, positron
emission tomography

APPENDIX For expanded Methods and Ref-
erences sections as well as supplemental tables
and a figure, please see the online version of
this paper.

http://refhub.elsevier.com/S2666-0873(20)30280-5/sref47
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref47
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref47
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref49
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref49
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref49
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref49
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref50
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref50
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref50
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref50
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref50
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref51
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref52
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref53
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref54
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref54
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref54
http://refhub.elsevier.com/S2666-0873(20)30280-5/sref54

	Lymphoma Severity and Type Are Associated With Aortic FDG Uptake by 18F-FDG PET/CT Imaging
	Methods
	Study population
	18F-FDG PET/CT imaging
	Image analysis
	Aortic FDG uptake assessment
	Aortic calcification assessment
	Evaluation of systemic inflammation
	Statistical analysis

	Results
	Study population
	Association between cancer disease burden and serum biomarkers
	Association between aortic FDG uptake and serum biomarkers
	Comparison of aortic TBR between Hodgkin’s or non-Hodgkin’s patients and control groups
	Comparison of PET derived indices between individuals with stage I to II versus stage III to IV lymphoma
	Association between aortic FDG uptake, disease burden, and aortic calcification
	Association of lymphoma disease severity and aortic FDG uptake
	Predictors of increased aortic FDG uptake

	Discussion
	Systemic and vascular inflammation in lymphoma: Previous knowledge and novel findings
	Association between disease burden and aortic FDG uptake: Possible underlying mechanisms
	Potential clinical relevance
	Study limitations

	Conclusions
	Author Disclosures
	References


