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'SE-FDG PET/CT metabolic parameter changes -
to assess vascular inflammatory response
in patients with diffuse large B-cell lymphoma

Wenli Xie'", Lixiu Cao**", Jing Yu*, Ajjuan Tian*, Jin Wang>”" and Runlong Lin*¢"

Abstract

Objective To study the changes in positron emission tomography with 2-deoxy-2-[fluorine-18]flucro-D-glucose
integrated with computed tomography ('8F-FDG PET/CT) aortic target-to-background ratio (TBR) and aortic
calcification scores before and after 6 cycles of chemotherapy with the rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) regimen in patients with diffuse large B-cell lymphoma (DLBCL).

Patients and methods \We selected 161 patients with DLBCL who received 6 cycles of R-CHOP standard
chemotherapy and underwent baseline and 6-cycle efficacy evaluations using '®F-FDG PET/CT examinations

at the Second Hospital of Dalian Medical University from July 2017 to June 2023. Additionally, 125 patients who
underwent "8F-FDG PET/CT for physical examination during the same period, without active malignancy or

systemic inflammatory disease, were chosen as the control group. We measured metabolic tumor volume (MTV)

and total lesion glycolysis (TLG) of systemic lymphoma lesions in tumor patients. Aortic wall FDG uptake was semi
quantitatively analyzed as TBR (target-to-blood pool ratio) in five different vascular regions using oncological '®F-FDG
PET/CT. The aortic TBR difference (ATBR) was the difference between the post- and pre-chemotherapy TBR values. The
degree of arterial segmental wall calcification was assessed using the CT semiquantitative method.

Results Comparison of the pre-treatment group of DLBCL with the control group showed that aortic TBR (1.28+0.17
vs. 1.22+0.18, P<0.05) were higher in the former group. Additionally, comparing different stage groups of patients
with DLBCL revealed that aortic TBR (1.30+0.18 vs. 1.22+0.15, P<0.05) were higher in the Stage lll/IV group compared
to the Stage I/1l group. Aortic TBR was positively correlated with TLG (P=0.016, R=0.19) and MTV (P=0.032, R=0.17).
Analysis of changes in aortic '®F-FDG uptake in patients with DLBCL after 6 cycles of treatment revealed that aortic
TBR levels were significantly higher post-treatment compared to pre-treatment(P < 0.05). The aortic ATBR value was
significantly higher in the progression group than in the complete remission group(P < 0.05).
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Conclusion Aortic wall '8F-FDG uptake is related to disease severity and prognosis, indicating a possible vascular
effect of lymphoma and its therapeutic interventions. This work highlights an additional potential role of PET/CT in
imaging oncology for evaluating disease severity and its consequences on the vasculature.

Keywords Diffuse large B-cell lymphoma, Tumor-associated vascular toxicity, Vascular inflammation, '8F-FDG PET/CT

Introduction
Malignant tumors and cardiovascular disease are the two
leading causes of death in humans [1]. Oncology patients
may experience vascular toxicity during and after che-
motherapy [2]. The diversity of vascular toxicity from
oncology treatments, including altered vascular reactiv-
ity, vascular thrombosis, atherosclerosis, and vasculitis,
leading to vascular lumen obstruction and decreased
blood flow, requires joint attention from cardiovascu-
lar physicians and oncologists [3]. The pathophysiologic
mechanisms are not fully understood, but inflamma-
tory cell aggregation and cytokine production after drug
treatment, leading to an inflammatory response in the
arterial wall, are important causes [4]. A localized vessel
wall inflammatory response plays a crucial role in athero-
genesis, which can lead the progression of atherosclerosis
and cause cardiovascular and cerebrovascular diseases
[5]. Therefore, early identification of vascular wall inflam-
matory reactions is important for predicting patients at
high risk for future cardiovascular events.
2-deoxy-2-[fluorine-18]fluoro-D-glucose (*8E-FDG)
accumulation in the vessel wall increases due to the gly-
colytic process of the inflammatory response, and posi-
tron emission tomography with 2-deoxy-2-[fluorine-18]
fluoro-D-glucose integrated with computed tomography
(*8E-FDG PET/CT) can be used to assess vascular inflam-
mation [6, 7). F-FDG PET/CT imaging focuses on
quantifying vascular inflammation in different segments
of the arterial system with higher sensitivity and can
detect vascular ®F-FDG uptake in parallel with tumor
imaging to assess vascular inflammation.

Arterial calcification has become a hallmark of ath-
erosclerosis and is easily recognized on CT imaging [8].
Shen et al. [9] predicted cancer treatment-related cardiac
dysfunction and major adverse cardiovascular events in
patients with diffuse large B-cell lymphoma (DLBCL)
receiving anthracycline-based chemotherapy by evalu-
ating pre-treatment coronary artery calcification (CAC)
scores. They found that CAC scores obtained by pre-
treatment CT were useful in identifying patients at high
risk of developing cardiac events after treatment and
in guiding clinicians to relevant cardiovascular protec-
tion strategies for high-risk patients. Therefore, *F-FDG
PET/CT can be used to assess the level of vascular wall
metabolism, calcification, and changes during the diag-
nosis and follow-up of tumor patients, and to identify
patients at high risk of vascular disease at an early stage
[10]. In this study, we observed the changes in the level of

aortic inflammation and calcification during 6 cycles of
treatment with the rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone (R-CHOP) standard
chemotherapy regimen in patients with diffuse large
B-cell lymphoma using *F-FDG PET/CT.

Methods

Patients

161 patients with DLBCL who received 6 cycles of the
R-CHOP standard chemotherapy regimen at the Second
Hospital of Dalian Medical University from July 2017 to
June 2023 and underwent baseline and post-6-cycle eval-
uation with two ®F-FDG PET/CT examinations, with
complete case data, were selected. The standard R-CHOP
chemotherapy regimen included cyclophosphamide
750 mg/m? on day 1, adriamycin 50 mg/m” on day 1, vin-
cristine 1.4 mg/m® on day 1, prednisone 100 mg on days
1-5, and rituximab 375 mg/m® on day 1. Inclusion cri-
teria: (1) Patients with pathologically confirmed diffuse
large B-cell lymphoma, who underwent '*F-FDG PET/CT
imaging before chemotherapeutic treatment and within 3
weeks after 6 cycles of treatment; (2) Detailed inquiry of
cardiac history after admission, white blood cell, neutro-
phil, lymphocyte, lactate dehydrogenase, albumin, blood
sedimentation, CRP and other tests. Exclusion criteria:
(1) Poor quality of PET/CT images; (2) Incomplete case
data of the patients to be collected; (3) Previous history
of tumor, who have received radiotherapy or chemother-
apy; (4) Diabetic patients with poor glycemic control; (5)
Those with severe liver and kidney dysfunction; (6) Those
with focal involvement of the heart (e.g., tumor, tubercu-
losis, etc.); (7) Recent cardiovascular events (< 6 months);
(8) Those with aortitis, active infections or systemic auto-
immune diseases, venous thromboembolism and appli-
cation of anti-inflammatory drug therapy, and infection
with COVID-19; (9) Patients whose arterial ®F-FDG
uptake could not be quantified due to significant inter-
ference from adjacent lymphoma. The enrolled DLBCL
patients are shown in the flow diagram, show in Fig. 1.
Additionally, 125 patients who underwent *F-FDG PET/
CT at the Second Hospital of Dalian Medical University
during the same period for mildly elevated tumor mark-
ers, fever of unknown origin and physical examination,
without active malignant tumors or systemic inflamma-
tory diseases, were selected as the control group. The
study conforms to the ethical guidelines in accordance
with the Helsinki Declaration and was approved by the
Second Hospital of Dalian Medical University review
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Fig. 1 The flow diagram of eligible DLBCL patients

board and ethical committee (N0.2019-049). Written
informed consent was obtained from every patient.

Collection of clinical data

The outpatient and inpatient medical records and PET/
CT examination transcripts were reviewed to collect
general clinical data of the patients, including age, gen-
der, hypertension, diabetes, history of heart disease,
history of radiotherapy and/or chemotherapy, purpose
of PET/CT imaging, blood tests (including white blood
cell, neutrophil, lymphocyte, lactate dehydrogenase,
B2-microglobulin, blood sedimentation, C-reactive pro-
tein, etc.), and the clinical stage of lymphoma.

'8F-FDG PET/CT examination

We used the Philips Ingenuity TF PET/CT scanner for
the assessments. The *F-FDG was produced and syn-
thesized using the Sumitomo HM-10 cyclotron accelera-
tor and the chemical synthesis module from PET CO.,
LTD. (Beijing), ensuring a radiochemical purity exceed-
ing 95%. Patients fasted for at least 12 h before the pro-
cedure. After administering '*F-FDG at a dosage of
3.7-5.55 MBq/kg, patients rested in a dimly lit room for
60 min before undergoing PET/CT scans post-bladder
voiding. The scan ranged from the skull base to the foot.
Initially, CT scans were performed with parameters set at
a voltage of 120 kV, current of 90 mA, rotation speed of
0.75 s/rotation, and a matrix of 512 x 512. Subsequently,
PET imaging followed with conditions set at a matrix of
144 x 144 and 1-minute acquisition for each bed posi-
tion, totaling 8—10 bed positions. After attenuation cor-
rection and OSEM reconstruction, PET images were
co-registered with CT images on the image processing
workstation.

Image analysis

All PET/CT images were retrospectively analyzed by
two experienced nuclear medicine physicians with more
than 10 years of experience blinded to the clinical data.
Any different opinions between the two physicians were
discussed to reach an agreement. The region of inter-
est (ROI) of tumor foci was outlined layer by layer on
tomographic PET/CT fusion images. The metabolic
tumor volume (MTV) and total lesion glycolysis (TLG)
were measured automatically using the SUV-based auto-
mated contouring program with the relative thresholding
method, which uses 41% of the tumor foci SUVmax as
the threshold value. MedEx software, provided by Bei-
jing MedEx Technology Co., was used for these measure-
ments. The sum of TLG values of systemic tumor lesions
was calculated as TLG=XY(SUVmeanxMTV) [11]. ROIs
in the aortic wall were manually drawn along the entire
aortic interval in 5 mm consecutive axial sections. Care
was taken to ensure activity from adjacent tissue or adja-
cent lymphoma was not included in the aortic analysis.
The metabolic activity of these ROIs was measured using
the maximum SUV (SUVmax). Six zones of interest, each
3 mm in diameter, were drawn within the superior vena
cava, and the mean venous SUV (SUVmean) was calcu-
lated. The arterial target-to-background ratio (TBR) was
determined by dividing the mean aortic SUVmax by the
superior vena cava SUVmean. The aortic TBR was cal-
culated by averaging the TBRs of the ascending aorta,
aortic arch, descending aorta, suprarenal abdominal
aorta, and infrarenal abdominal aorta, i.e., aortic TBR
= (ascending aorta TBR+aortic arch TBR +descending
aorta TBR+suprarenal abdominal aorta TBR +infra-
renal abdominal aorta TBR)+5 [12—15]. The change in
aortic TBR, aortic ATBR, was defined as the aortic TBR
after 6 cycles of treatment minus the aortic TBR at initial
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diagnosis, ie., Aaortic TBR=aortic TBR ¢ .- aortic
TBR e treatment- 1he degree of arterial segmental wall
calcification was assessed using the '8F-FDG PET/CT
semi-quantitative method. The score was based on the
percentage of calcified plaque in the truncated circumfer-
ence of the same vessel. The scoring system was as fol-
lows: no calcified plaque scored 0, calcified plaque <10%
scored 1, calcified plaque 10-25% scored 2, calcified
plaque 25-50% scored 3, and calcified plaque>50%
scored 4. Calcified plaques in the ascending aorta, aortic
arch, descending aorta, suprarenal abdominal aorta, and
infrarenal abdominal aorta were scored, with a total pos-
sible score ranging from 0 to 20 [16, 17].

Statistical analysis

SPSS Statistics 26.0 was used for analysis. Continu-
ous variables were tested for normality using the Kol-
mogorov-Smirnov test. Normally distributed measures
were expressed as mean + standard deviation (X + S), non-
normally distributed measures were expressed as median
(P25, P75), and categorical variables were expressed as
number and percentage (%). Differences between two
independent samples were analyzed using the t-test or
Mann-Whitney U-test, and the ggplot2 package was
used for box plot and violin plot visualization. One-way
ANOVA analysis or Kruskal-Wallis H test was used to
analyze the difference between three and more inde-
pendent samples. Bonferroni correction was applied to

Table 1 Comparison of clinical data between pre-treatment
group and control group for diffuse large B-cell lymphoma

Diffuse large Control P
B-cell lymphoma group(N=125) value
pre-treatment
group(N=161)
Age(years) 59.75+11.29 5533+1341 0.003
Male(n, %) 72(44.72) 64(51.20) 0.276
BSA(mM?) 1.76+0.18 1.76+0.22 0.985
Hypertension(n, %) 36(22.36) 22(17.60) 0.321
Diabetes (n, %) 23(14.29) 18(14.40) 0.978
Coronary artery disease  6(3.73) 9(7.20) 0.191
(n, %)
Atrial fibrillation (n, %) 4(2.48) 2(1.6) 0.605
Ann Arbor stage
/1l 6/33 —
/v 30/92 —
A/B 133/28 —
WBC(x10%/L) 6.25+2.85 6.79+2.11 0.078
N/L 3.65+2.66 2.94+1.60 0.01
ESR(mm/h) 15.0009.00,25.00) —
LDH(ug/mL) 306.27£222.17 187.38+39.81 0.001
Alb(g/L) 39.79+5.70 38.56+549 0.069
B2-MG(mg/L) 3.08+1.18 —

Abbreviations: BSA, body surface area; WBC: white blood cell; N/L: neutrophil-
to-lymphocyte ratio; ESR: erythrocyte sedimentation rate; LDH: lactate
dehydrogenase; ALB: albumin; 32-MG: 32 microglobulin
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P-values to adjust for multiple testing. The Bonferroni
correction for P-values sets the significance cut-off at
P/n, where P is 0.05 and n is the number of tests. The x2
test was used to compare rates between two independent
samples. The Spearman/Pearson test was used to analyze
the correlation between two independent samples, and
the ggplot2 package was used to visualize the heatmap
for correlation analysis. A p-value<0.05 was considered
statistically significant.

Results

Comparison of clinical characteristics and "®F-FDG PET/CT
parameters between pre-treatment and control groups of
diffuse large B-cell ymphoma

Comparing the clinical data between the pre-treatment
group of diffuse large B-cell lymphoma and the control
group, it was found that the age of patients with diffuse
large B-cell lymphoma was significantly higher than that
of the control group (P<0.05). The other factors, includ-
ing gender, body surface area, hypertension, diabetes
mellitus, coronary artery disease, and atrial fibrillation
history, did not show significant differences compared to
the control group (P>0.05). Among the patients with dif-
fuse large B-cell lymphoma, the Ann Arbor stages were
as follows: 6 in stage I, 33 in stage II, 30 in stage III, and
92 in stage IV. Additionally, 133 patients were in group A,
and 28 patients were in group B. Comparing blood bio-
marker levels between the pre-treatment group and the
control group, it was observed that the white blood cell
(WBC) count in patients with diffuse large B-cell lym-
phoma was lower than in the control group, while albu-
min levels were higher; however, these differences were
not statistically significant (?>0.05). The neutrophil-to-
lymphocyte ratio (N/L) and lactate dehydrogenase (LDH)
levels in patients with diffuse large B-cell lymphoma at
initial diagnosis were significantly higher than those in
the control group (P<0.05). See Table 1.

Patients with diffuse large B-cell lymphoma underwent
baseline 'F-FDG PET/CT evaluation before treatment.
The TLG value was 846.67 (246.65, 3113.25) g, and the
MTYV value was 93.31 (31.62, 245.88) cm®. Before treat-
ment, the aortic calcification score in these patients was
significantly higher than in the control group, and the
difference was statistically significant. Comparing aor-
tic 18F-FDG uptake between the two groups, we found
that the aortic TBR and TBR values of each segment of
the aorta in patients with diffuse large B-cell lymphoma
were significantly higher than in the control group before
treatment (P <0.05). See Table 2.
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Table 2 Comparison of '®F-FDG PET/CT parameters between pre-treatment group and control group for diffuse large B-cell

lymphoma
Diffuse large B-cell ymphoma pre-treatment group(N=161)  Control group(N=125) P value
Aortic Calcification Score e _yestment 5.00(3.00, 7.00) 2.00(0.50, 4.00) 0.001
TLG pre_treatment 9 846.67(246.65,3113.25) —
MTV pre-treatments €M 93.31(31.62, 245.88) —
Ascending aorta TBR ,re_ieatrment 1.33+£0.18 1.28+0.17 0.017
Aortic arch TBR e treatment 1274018 1214020 0.006
Descending aorta TBR e _eatrment 1.26+0.20 1.21+0.20 0.034
Suprarenal abdominal aorta TBR ,re_eptment  1.28+0.18 121+0.19 0.001
Infrarenal abdominal aorta TBR e yeatment ~ 1:260.18 1.19£0.18 0.002
AOTtic TBR pyetreatment 128+0.17 1224018 0.004
Abbreviations: MTV: metabolic tumor volume; TLG: total lesion glycolysis
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Fig. 2 Correlation between aortic '8F-FDG uptake and tumor metabolic load in pre-treatment patients with diffuse large B-cell lymphoma
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Fig. 3 Heatmap of pre-treatment aortic '®F-FDG uptake and biomarker
correlation analysis in patients with diffuse large B-cell ymphoma

Relationship between pre-treatment aortic '®F-FDG uptake
and tumor metabolic load and biomarkers in patients with
diffuse large B-cell ymphoma

Correlation analysis of pre-treatment aortic SF-FDG
uptake with tumor metabolic load in patients with dif-
fuse large B-cell lymphoma revealed a positive correla-
tion between aortic TBR and TLG (P=0.016, R=0.19),
and a positive correlation between aortic TBR and MTV
(P=0.032, R=0.17), as shown in Fig. 2.

Correlation analysis of pre-treatment aortic *F-FDG
uptake with biomarkers in patients with diffuse large
B-cell lymphoma revealed a positive correlation between
aortic TBR and LDH and ESR, with a statistically signifi-
cant difference (P<0.05), as shown in Fig. 3.

Comparison of clinical data, '8F-FDG PET/CT parameters
and efficacy before and after 6 cycles of treatment in
patients with diffuse large B-cell lymphoma

After 6 cycles of treatment, clinical data before and after
treatment were compared. Of the patients with diffuse
large B-cell lymphoma, 123 (76.40%) achieved complete
remission, 20 (12.42%) had partial remission, and 18
(11.18%) experienced disease progression. After 6 cycles
of treatment, MTV and TLG levels decreased significantly
compared with those before treatment, with a statisti-
cally significant difference (P<0.05). Additionally, WBC
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Table 3 Comparison of clinical data before and after 6 cycles of
treatment for diffuse large B-cell lymphoma
Diffuse large

Diffuse large B-cell P

B-cell lymphoma  lymphoma post- value
pre-treatment treatment group
group(N=161) (N=161)
WBC(x10%/L) 6.25+2.85 4594220 0.001
N/L 3.65+2.66 346+3.19 0573
ESR(mm/h) 15.00(9.00, 25.00) 11(5.00, 19.25) 0.019
LDH(ug/mL) 306.27 £222.24 2787+127.09 0172
Alb(g/L) 39.79+5.70 41.16+4.92 0.023
2-MB(mg/L) 308+1.18 2.96+0.98 0.348
Therapeutic
effect
Complete - 123(76.40) -
remission(n, %)
Partial - 20(12.42) -
remission(n, %)
Progress(n, %) - 18(11.18) -
MTV, cm? 93.31(31.62,245.88) 0(0, 10.33) 0.001
TG, g 864.67(246.65, 0(0, 27.25) 0.001
3113.25)

Table 4 Comparison of outcomes of 6 cycles of treatment for
different stages of diffuse large B-cell lymphoma

ANN Arbor Ann Arbor Pvalue
Stage /1l Stage lll/IV
(N=39) (N=122)
Therapeutic effect 0.62
Complete remission(n, %) 30(76.92) 93(76.23)
Partial remission(n, %) 6(15.38) 14(11.48)
Progress(n, %) 3(7.69) 15(12.30)

count and sedimentation rate decreased significantly
compared with pre-treatment levels (P<0.05). Albumin
levels increased significantly after 6 cycles of treatment
(P<0.05). The levels of neutrophil-to-lymphocyte ratio
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(N/L), LDH, and B2-microglobulin decreased compared
to pre-treatment levels, but the differences were not sta-
tistically significant (P>0.05). See Table 3.

Evaluation of the effect of 6 cycles of treatment on
patients with different stages of diffuse large B-cell lym-
phoma revealed no statistically significant difference
between the complete remission rate, partial remis-
sion rate, and progression rate between the two groups
(P>0.05). See Table 4.

Analysis of changes in aortic '*F-FDG uptake after 6
cycles of treatment in patients with diffuse large B-cell
lymphoma showed that aortic TBR levels were signifi-
cantly higher post-treatment compared to pre-treatment
(P<0.05). Although aortic calcification scores increased
after treatment, the difference was not statistically signifi-
cant (P>0.05). See Fig. 4.

Comparison of aortic TBR difference among diffuse large
B-cell lymphoma 6-cycle treatment groups with different
therapeutic effects

Patients with diffuse large B-cell lymphoma were catego-
rized into complete remission, partial remission, and pro-
gression groups based on their treatment response after
6 cycles. Comparing the difference in aortic TBR before
and after treatment among the three groups showed that
the worse the treatment efficacy, the higher the aortic
ATBR. The progression group had a significantly higher
aortic ATBR value than the complete remission group
(P<0.05). See Fig. 5. Figure 6 shows a lymphoma patient
with diffuse uptake in the aortic wall after treatment (red
arrow).

A DLBCL case imaged by ®F-FDG PET/CT examina-
tion prior to and after treatment. (A) Sagittal PET images
after treatment and (B) before treatment by R-CHOP in
a 60-year-old female patient with DLBCL. Red arrows
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Fig. 4 Comparison of 'F-FDG PET/CT parameters before and after the 6-cycle treatment group for diffuse large B-cell lymphoma
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Fig. 5 Comparison of aortic TBR differences between different efficacies
in 6-cycle treatment groups for diffuse large B-cell lymphoma

Fig. 6 Enhanced vascular '*F-FDG uptake after treatment compared to
before treatment (A: after treatment; B: before treatment)

indicate diffuse increased ®F-FDG uptake on the aortic
wall area after R-CHOP treatment. The aortic TBR was
1.24(the ascending aorta TBR was 1.29, aortic arch TBR
was 1.29, descending aorta TBR was 1.12, suprarenal
abdominal aorta TBR was 1.29 and infrarenal abdomi-
nal aorta was 1.18) after treatment, compared to 1.13(the
ascending aorta TBR was 1.17, aortic arch TBR was 1.11,
descending aorta TBR was 1.11, suprarenal abdominal
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aorta TBR was 1.17 and infrarenal abdominal aorta was
1.11) before treatment

Discussion

BE_FDG PET/CT is a functional molecular imaging test
widely used in oncology and inflammatory diseases to
assess arterial inflammation [18]. The selective uptake
of metabolically active macrophages within the vessel
wall or atherosclerotic plaque is observed by *F-FDG
PET/CT, allowing for quantitative evaluation of vascu-
lar inflammation using the TBR of the vessel wall. Previ-
ous studies have used "®F-FDG PET/CT to assess aortic
inflammation within 72 h of admission and 30 to 45 days
after discharge to evaluate changes in vascular inflamma-
tion by TBR [19]. Janssen et al. [20] observed changes in
immune inflammatory factors due to chronic hyperglyce-
mia in patients with type 1 diabetes and noted increased
inflammation in the arterial wall leading to atherosclero-
sis using '®F-FDG PET/CT. Our group also investigated
the effect of COVID-19 on the vascular inflammatory
response by using PET/CT to detect F-FDG uptake in
the systemic arterial wall of patients with diffuse large
B-cell lymphoma before and after COVID-19 infection
[21]. Similarly, ®F-FDG PET/CT can be used to observe
vascular-related complications during the treatment of
tumor patients. Villena et al. [22] retrospectively ana-
lyzed the predictive value of arterial inflammation for
cardiovascular events in 274 patients with primary lung
tumors who underwent ®F-FDG PET/CT. Beall et al.
[23] used ®FE-FDG PET/CT to assess venous inflamma-
tion as a predictor of venous thromboembolism in chil-
dren, adolescents, and young adults within 12 months of
lymphoma diagnosis. Therefore, this study focused on
observing aortic '®F-FDG uptake before and after apply-
ing the R-CHOP regimen in patients with non-Hodgkin’s
lymphoma.

In this study, various segments of the aorta—including
the ascending aorta, aortic arch, descending aorta, supra-
renal abdominal aorta, and infrarenal abdominal aorta—
were selected to assess the level of "®F-FDG uptake in
the arterial wall. It was found that pre-treatment aortic
TBR levels were significantly higher in patients with dif-
fuse large B-cell lymphoma compared to control patients.
Additionally, patients with stage III/IV diffuse large B-cell
lymphoma had significantly higher aortic TBR levels than
those with stage I/1I disease. Correlation analysis revealed
that pre-treatment aortic TBR was positively correlated
with TLG and MTV of the lesions observed in PET/CT.
Furthermore, aortic TBR was positively correlated with
LDH, reflecting the severity of the disease, and ESR,
reflecting the level of inflammation. This aligns with the
results of previous studies. Tumorigenic mutations may
promote local and systemic inflammatory responses [24],
stimulating the secretion of pro-inflammatory mediators.
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This process allows the differentiation and activation of
local immune cells, including neutrophils and mono-
cytes, within the tumor microenvironment [25]. The
activation of NF-«B triggers phagocytosis, engulfing the
necrotic residues produced by pro-inflammatory cells
and generating a local inflammatory response [26]. When
activated monocytes differentiate into macrophages
within the vessel wall, they stimulate the secretion of
local inflammatory factors, which in turn promotes a vas-
cular inflammatory response [27].

Treatment modalities for non-Hodgkin’s lymphoma
include chemotherapy, radiotherapy, targeted therapies,
and combination therapies. R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone)
is considered the first-line treatment for diffuse large
B-cell lymphoma [28]. In this regimen, various antitu-
mor drugs can cause endothelial cell damage, oxidative
stress, and increased cytokine release [29]. Anthracy-
clines, in particular, increase the levels of endothelial pro-
genitor cells that have lost their ability to repair, leading
to impaired endothelial cell repair and exacerbated vas-
cular injury [30]. Several studies have assessed vascu-
lar inflammation and injury during tumor radiotherapy
and chemotherapy using '*F-FDG PET/CT. Chen et al.
[31] evaluated carotid 8F-FDG uptake before and after
radiotherapy in 22 patients with head and neck tumors
undergoing concurrent radiotherapy. They found that
carotid TBR was significantly elevated, and the carotid
inflammatory response increased after radiotherapy, cor-
relating with a high risk of future cardiovascular events.
They suggested that carotid '*F-FDG uptake may be an
early marker of radiotherapy-related vascular injury. In
this study, a significant increase in aortic TBR was found
in patients with non-Hodgkin’s lymphoma after 6 cycles
of R-CHOP treatment. This finding contrasts with a
study by Lawal et al. [32], which observed no significant
change in arterial TBR in 52 patients with Hodgkin’s
lymphoma who underwent anthracycline-based chemo-
therapy over 65 weeks of follow-up. The discrepancy may
be due to the short-term observation of vascular dam-
age in our study, which measured ®F-FDG uptake in the
aorta shortly after 6 consecutive cycles of chemotherapy.
It remains to be seen whether these vascular inflamma-
tory responses diminish after chemotherapy cessation
or cause sustained vascular damage. Future follow-up
should monitor changes in aortic '*F-FDG uptake and
the occurrence of vascular events. Interestingly, our
study found that changes in aortic TBR before and after
R-CHOP treatment varied with treatment effectiveness;
the worse the treatment outcome, the greater the differ-
ence in aortic TBR. This difference may reflect both the
drug-induced vascular damage and the impact of tumor-
released inflammatory factors on the blood vessels.
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Further research is needed to explore the specific mecha-
nisms involved.

In this study, we also observed changes in aortic calcifi-
cation before and after treatment using 'F-FDG PET/CT
during follow-up. Although the aortic calcification score
increased after treatment compared to before treatment,
the difference was not statistically significant. This may
be due to the shorter treatment cycle and follow-up time.
However, several previous studies have highlighted the
importance of observing changes in aortic or coronary
calcification during oncology treatment follow-up with
BE-FDG PET/CT in predicting cardiovascular events in
patients. Mais et al. [33] found that the coronary artery
calcium (CAC) score was associated with the risk of
clinical events in cancer patients during '*F-FDG PET/
CT follow-up, and an increased CAC score was linked
to shorter survival times in metastasis-free patients. Gal
et al. [34] retrospectively analyzed 15,915 breast cancer
patients who received radiotherapy and used follow-up
CAC scores to predict the risk of cardiovascular disease.
They identified breast cancer patients at increased risk
of cardiovascular disease using tools like CT, which are
rapid and low-cost. Similarly, observing CAC changes
during multiple PET/CT examinations can increase the
value of PET/CT as a diagnostic tool. Therefore, monitor-
ing arterial calcification changes is crucial for predicting
prognosis and cardiovascular events in tumor patients.

Limitations and prospects

The published European Association of Nuclear Medi-
cine (EANM) position paper on the use of 3F-FDG-PET
in atherosclerosis recommends an interval of 2 h between
I8F_FDG administration and acquisition [15]. However,
currently, there is not enough evidence to apply the
same time window for large vessel vasculitis [14]. At this
time, EANM recommend an uptake interval of at least
60 min [14]. For arterial imaging with PET, longer delays
between '8F-FDG injection and PET imaging than those
used for oncology may allow sufficient '*F-FDG accumu-
lation in the arterial wall and to reduce the intensity of
BE_FDG signal in the blood [35]. Our study was a ret-
rospective analysis of clinically indicated imaging and,
therefore, the PET/CT scans were performed for clinical
indications to assess cancer rather than specifically for
vascular assessments.

Although observing ®F-FDG PET/CT during only
6 cycles of treatment suggests the effects of both the
tumor and the chemotherapeutic agents on blood ves-
sels, the effects of chemotherapeutic agents on blood
vessels and the occurrence of cardiovascular events still
require further follow-up. In the future, in addition to
further extending the follow-up time, we should also pay
more attention to the observation of coronary *F-FDG
uptake changes and calcifications, although noncontract
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CT is not very clear for coronary artery imaging, but for
lymphoma patients in the process of follow-up onco-
logic PET/CT, it is very important to strengthen the
observation of local coronary artery changes and predict
the occurrence of acute coronary events, which is very
important to prevent serious complications and improve
patient survival.

Conclusion

In this study, in addition to observing lymphoma lesions
using PET/CT imaging, changes in '*F-FDG uptake by
the aortic wall and changes in aortic calcification were
monitored during the '®F-FDG PET/CT follow-up of dif-
fuse large B-cell lymphoma patients undergoing 6 cycles
of R-CHOP treatment, before and twice after treatment.
It was found that ®F-FDG uptake in the aortic wall
before treatment could predict the severity of the dis-
ease in lymphoma patients to some extent. The increase
in "®F-FDG uptake in the aortic wall after treatment
reflected the inflammatory response caused by chemo-
therapeutic drugs to the blood vessel wall. Additionally,
changes in '®F-FDG uptake in the aortic wall before and
after treatment also reflected the therapeutic efficacy in
lymphoma patients.
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