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Abstract

Objectives: Rheumatoid arthritis (RA) patients have an increased risk of cardiovascular disease (CVD). In the present
study, we evaluated the inflammatory activity of the ascending aorta in RA patients who received biological
treatment.

Methods: We assessed the aortic wall inflammation of RA patients using '®F-fluorodeoxyglucose (FDG) positron
emission tomography/computed tomography before and after 6 months of biologic therapies. We also compared
the inflammatory activity at the aortic wall in RA patients with remission or low disease activity (RLDA) and those
with moderate or high disease activity (MHDA). The aortic uptake was measured by the standardized uptake value
(SUV) and the target-to-background ratio (TBR).

Results: A total of 64 patients were included in the analysis (mean age, 584 + 13.8 years old; female, 77%). The
Disease Activity Score for 28 joints (DAS28) erythrocyte sedimentation rate (ESR) had significantly decreased after 6
months: from 5.0 + 1.2 to 33 = 1.2 (p < 0.001). The FDG uptake in the ascending aorta changed from baseline to 6
months, showing a maximum SUV (SUV,.,) of 1.83 + 034 to 1.90 + 0.34 (p = 0.059) and TBR of 1.71 + 0.23 to 1.75
+ 0.24 (p = 0.222). The SUVa and TBR after 6 months were significantly higher in the RLDA group than in the
MHDA group (2.05 + 032 vs. 1.79 + 0.33 (p = 0.002) and 1.89 + 033 vs. 1.65 + 0.20 (p = 0.001), respectively). The
percentage of monocytes also significantly increased from baseline to 6 months: from 59 + 1.6 t0 69 + 26 (p =
0.032).

Conclusion: The inflammation activity at the ascending aorta in RA patients did not change significantly after 6
months of biological treatment. RA patients with a low disease activity or in clinical remission after 6 months of
biological treatment still had an increased inflammatory activity at the aortic wall.
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Background

Rheumatoid arthritis (RA) increases the risk of cardio-
vascular disease (CVD) [1-3]. An accelerated progres-
sion of atherosclerosis leads to an increased mortality in
RA patients [4—10]. Because both an inflamed synovial
membrane and atherosclerotic plaque share important
common pathological processes, chronic systemic in-
flammation might accelerate the development of athero-
sclerosis in RA patients [10]. Previous studies have
demonstrated that atherosclerosis is more prevalent in
the RA population than in healthy individuals [4-9].

'8F_fluorodeoxyglucose (FDG) positron emission tom-
ography (PET)/computed tomography (CT) can be used
to evaluate the joints in RA patients [11-16]. In
addition, FDG PET/CT has also been widely used to
evaluate atherosclerosis, since the '®E-FDG uptake re-
flects the glucose metabolism of macrophages in athero-
sclerotic plaque [17-21]. However, while FDG PET/CT
is a highly reproducible method of evaluating arterial in-
flammation, there have been few reports regarding its
utility in assessing aortic inflammation in RA patients.

In the present study, we assessed the ascending aortic
wall inflammation in RA patients who received biologic
therapies using '*F-FDG PET/CT. We also compared
the inflammatory activity at the aortic wall in RA pa-
tients in remission or with a low disease activity (RLDA)
and those with moderate or high disease activity
(MHDA) after biologic treatment.

Materials and methods

Study population

Sixty-four RA patients who underwent whole-body '°F-
FDG PET/CT at baseline and 6 months after the initi-
ation of biologic therapies at Gunma University Hospital
were enrolled in this study. All patients were diagnosed
with RA according to the American College of Rheuma-
tology criteria revised in 1987 and had a history of inad-
equate clinical response to previous treatments with
nonbiological disease-modifying antirheumatic drugs
(DMARDs), such as methotrexate (MTX). Therefore,
these patients had been recommended for treatment
with biologics.

The study protocol was approved by the Institutional
Review Board of Gunma University Hospital. Written,
informed consent was obtained from each patient before
they participated in the study.

Imaging acquisition

Whole-body '*F-FDG PET/CT was performed using a
PET/CT scanner (Biograph 16; Siemens Medical Solu-
tions Inc., Malvern, PA, USA) before and 6 months after
the initiation of biologic therapies. In brief, '*F-FDG (5
MBq/kg) was injected intravenously after at least 6 h of
fasting. Patients were imaged approximately 60 min after
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FDG injection in the supine position. A non-contrast-
enhanced CT scan (140 kV, 120-240 mAs) for attenu-
ation correction and anatomic co-registration was ob-
tained before PET imaging. PET imaging was performed
in the 3-dimensional mode with 3 min per bed position
and slice thickness of 3.27 mm. The PET images were
reconstructed using an ordered-subsets expectation-
maximization algorithm into 128 x 128 matrices as pre-
viously described [11, 13].

Imaging analyses

Image analyses were performed using the syngo.via soft-
ware program (Siemens Healthcare, Erlangen, Germany).
An independent radiologist blinded to the clinical data
analyzed all of the PET/CT images. According to the
recommendation of the Cardiovascular Committee of
the European Association of Nuclear Medicine (EANM)
[22], we used the maximum standardized uptake value
(SUV ) and the target-to-background ratio (TBR) as
parameters for the FDG uptake in the ascending aorta.
The SUV... and TBR correlate with histological
markers of inflammation and have been used in several
studies to measure the FDG uptake in the arterial wall
[17, 18, 23, 24].

Ascending aorta inflammation was quantified within
each region of interest (ROI), containing the arterial wall
and the lumen, along the length of the ascending aorta.
The ROIs were manually drawn every 5 mm on axial im-
ages, starting 1 cm above the origin of the left main cor-
onary artery and ending at the merging point with the
aortic arch. The SUV is determined as the radioactivity
concentration (kBq/ml) within an ROI divided by the
decay-corrected amount of injected dose per patient’s
weight (kBq/g). The average of the SUV,,,, (mean SUV-
max) for all ROIs of the entire ascending aorta was then
calculated. Subsequently, the TBR was obtained as the
mean SUV . divided by the background SUV ., in the
superior vena cava to correct for the blood activity.

Clinical and laboratory evaluations

RA disease activity was assessed using the Disease Activ-
ity Score for 28 joints (DAS28) based on the ESR at
baseline and 6 months after the initiation of biologic
therapies. We also measured the white blood cell (WBC)
count, serum levels of erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), matrix
metalloproteinase-3 (MMP-3), anti-cyclic citrullinated
peptide antibodies (ACPA), and rheumatoid factor anti-
bodies (RF).

The patients were divided into 2 groups according to
the DAS28-ESR at 6 months: RLDA in those with a
DAS28-ESR <3.2 and MHDA in those with a DAS28-
ESR = 3.2. The clinical parameters and FDG uptake for
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Table 1 The demographic characteristics and medication use of
patients at baseline

Clinical characteristics Values

Age (years) 584 + 138
Female/male 49/15
Disease duration (years) 131+£118
BMI 218+ 40
Smoking, n (%) 8(12.7)
Hypertension, n (%) 23 (36.5)
Diabetes, n (%) 6 (9.7)

Total cholesterol (mg/dL) 1974 + 393
LDL (mg/dL) 1149 + 375
HDL (mg/dL) 596 + 150
Triglycerides (mg/dL) 1082 + 46.0
PSL use, n (%) 31 (484)
PSL dose (mg/day) 20+23
MTX use, n (%) 45 (70.3)
MTX dose (mg/week) 57 %35

Biologics (IFX/ETN/ADA/GLM/TCZ/ABT) 18/14/16/2/13/1

The data are expressed as the mean + standard deviation

BMI body mass index; LDL low-density lipoprotein cholesterol; HDL high-
density lipoprotein cholesterol; PSL prednisolone; MTX methotrexate; IFX
infliximab; ETN etanercept; ADA adalimumab; GLM golimumab; TCZ
tocilizumab; ABT abatacept
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the ascending aorta at baseline were compared between
these two groups.

Statistical analyses

Data analyses were performed using the IBM SPSS Sta-
tistics 25 software program (IBM Corp., Armonk, NY,
USA). Data were expressed as the mean + standard devi-
ation for parametric variables, as the median and inter-
quartile range for nonparametric variables, and as
numbers and percentages for categorical variables. For
the comparison of continuous data between two clinical
response groups, an unpaired Student’s ¢-test was used.
For the comparison of continuous data before and after
treatment, paired Student’s t-test or Wilcoxon’s signed-
rank test was used. For the comparison of categorical
data, the chi-square test or Fisher’s exact test was used.
A value of p < 0.05 was considered statistically
significant.

Results

A total of 64 patients were included in the analysis
(mean age, 58.4 + 13.8 years old; females, 77%) (Table 1).
The mean disease duration was 13.1 + 11.8 years. A total
of 70% of the patients received MTX, and 48% received
prednisolone (PSL). Figure 1 shows the 18E_FDG PET/

"4

Fig. 1 Typical '®F-FDG PET/CT images of the ascending aorta wall uptake at baseline and after 6 months of biologic therapy. Axial and coronal
images of ascending aorta from a 65-year-old female patient who underwent treatment with infliximab. A At baseline, the mean SUV,,, was
1.64, and the TBR was 1.63. B At 6 months, the mean SUV,,, was 1.56, and the TBR was 1.44. SUV ., Maximum standardized uptake value; TBR,
target-to-background ratio
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CT findings for a case at baseline and 6 months after the
initiation of biologic therapy. The mean FDG uptake
values for the ascending aorta and the clinical parame-
ters at baseline and 6 months after the initiation of bio-
logic treatments are shown in Table 2. Although all
clinical parameters except for the ACPA were signifi-
cantly decreased at 6 months compared with the base-
line, the mean SUV,,, and TBR were not significantly
changed after 6 months (Table 2).

We compared the FDG uptake at the ascending aorta
between the two groups (RLDA group vs. MHDA group)
at baseline and after 6 months of treatment. Figure 2
shows the increases in the mean SUV ., and TBR values
for the ascending aorta at 6 months after the initi-
ation of treatment, especially in the RLDA group. The
mean SUV,  value at 6 months was significantly
higher in the RLDA group than in the MHDA group
(2.05 £ 032 vs. 1.79 + 0.33; p = 0.002). The TBR
value at baseline was significantly higher in the RLDA
group than in the MHDA group (1.79 + 0.26 vs. 1.65
+ 0.19; p = 0.018). After 6 months, the TBR value
was also significantly higher in the RLDA group than

Table 2 Changes in FDG parameters and clinical parameters
after treatment

Parameters Baseline After 6 months p value

FDG parameters
Mean SUVinax 1.83 +0.34 1.90 + 0.34 0.059
TBR 1.71 £ 023 175+ 029 0.222

Clinical parameters
ESR (mm/h) 623 + 322 36.5 + 286 <0.001
CRP (mg/dL)? 1.3 (04-3.0) 0.1 (0.0-0.6) <0.001
MMP-3 (ng/mL)? 153.6 (70.5-412.6) 65.2 (39.3-1334) < 0.001
WBC (/uL) 6537.5 + 2239.2 56094 £ 19925 < 0.001
% neutrophils 68.7 £9.2 579 +127 <0.001
% eosinophils 23+23 30+26 0.004
% basophils 04 +£02 05+03 <0.001
% monocytes 53+18 63 %22 0.003
% lymphocytes 222+75 313+ 116 <0.001
ACPA (U/mL)*® 874 (12.1-100.0) 558 (8.0-100.0) 0.276
ACPA positive, n (%) 34 (53.1) 29 (45.3) <0.001
RF (U/mL)? 49 (13-137) 27 (10-79) <0.001
RF positive, n (%) 34 (53.1) 25 (39.1) <0.001
DAS28-ESR 50£12 33+£12 <0.001

The data are expressed as the mean + standard deviation, with the exception
of skewed variables (), which are represented as medians (interquartile range)
SUV nax maximum standardized uptake value; TBR tissue-to-background ratio;
ESR erythrocyte sedimentation rate; CRP C-reactive protein; WBC white blood
cell count; MMP-3 matrix metalloproteinase-3; ACPA anti-cyclic citrullinated
peptide antibody; RF rheumatoid factor; DAS28 Disease Activity Score in

28 joints
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Fig. 2 FDG uptake parameters of the ascending aorta for the two
clinical response groups. The mean SUV,., and TBR values of the
ascending aorta at 6 months after biologic treatment were
significantly higher in the group with a DAS28-ESR < 3.2 (indicating
remission or low disease activity) than in the group with a DAS28-
ESR 2 3.2 (indicating moderate or high disease activity). SUV ay,
maximum standardized uptake value; TBR, target-to-background
ratio; DAS28, Disease Activity Score in 28 joints; RLDA, remission or
low disease activity; MHDA, moderate or high disease activity

in the MHDA group (1.89 + 0.33 vs. 1.65 + 0.20; p =
0.001).

At baseline, the WBC count and percentage of mono-
cytes were significantly higher in the RLDA group than in
the MHDA group (p = 0.005 and p = 0.035) (Table 3). Re-
garding the WBC subtypes at 6 months, there were signifi-
cantly lower percentages of neutrophils (p < 0.001) and
significantly higher percentages of lymphocytes (p <
0.001) in the RLDA group than in the MHDA group
(Table 4). The percentage of monocytes significantly in-
creased from baseline to 6 months (5.9 + 1.6 to 6.9 + 2.6;
p = 0.032).

We compared the FDG uptake and clinical parameters
between the groups with and without anti-tumor necro-
sis factor (TNF) drug treatment, but there were no sig-
nificant differences between these two groups (data not
shown).
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Table 3 The comparison of clinical parameters at baseline

RLDA (n = 27) MHDA (n =37) p value

Age (years) 563 £ 15.7 599 £ 121 0.334
Female/male 18/9 31/6 0.110
Disease duration (years) 10.3 £ 83 151 +136 0.082
PSL dose (mg/day) 22+25 18+ 21 0483
MTX dose (mg/week) 52 + 34 6.1 +36 0.321

ESR (mm/h) 53.1 £ 339 689 £ 295 0.056
CRP (mg/dL)? 1.7 (04-3.1) 1.3 (06-2.9) 0.807
WBC (/uL) 74296 £ 20781 58865 £ 21502  0.005
% neutrophils 683 +92 69.0 + 93 0.775
% eosinophils 2011 26+28 0418
% basophils 04£02 04£02 0.699
% monocytes 59+16 49+19 0.035
% lymphocytes 224+79 220+73 0.857
MMP-3 (ng/mL)* 1580 (95.0-399.3) 134.5 (69.1-500.0) 0.579
ACPA (U/mL)? 614 (10.7-100.0)  99.1 (15.1-100.0)  0.393

ACPA = 60 U/mL, n (%) 13 (50.0) 21 (58.3) 0.515

RF (U/mL)? 33 (10-100) 61.5(23.8-211.8) 0.082

RF = 40U/mL, n (%) 12 (48.0) 22 (64.7) 0.199
DAS28-ESR 45+ 14 5310 0.008

The data are expressed as the mean + standard deviation, with the exception
of skewed variables (), which are represented as medians (interquartile range)
RLDA remission and low disease activity; MHDA moderate and high disease
activity; PSL prednisolone; MTX methotrexate; ESR erythrocyte sedimentation
rate; CRP C-reactive protein; WBC white blood cell count; MMP-3 matrix
metalloproteinase-3; ACPA anti-cyclic citrullinated peptide antibody; RF
rheumatoid factor; DAS28 Disease Activity Score in 28 joints

Discussion
In the present study, we found that the inflammation ac-
tivity of the ascending aorta in RA patients did not sig-
nificantly change after 6 months of biologic treatment.
RA patients with RLDA after 6 months had a signifi-
cantly higher FDG uptake at the aortic wall than those
with MDLA.

Biological agents showed beneficial effects on reducing
RA symptoms and disease activity by suppressing

Table 4 Counts for WBC subtypes at 6 months in the two

groups

RLDA (n = 27) MHDA (n = 37) p value
WBC (/uL) 5807.4 £ 1994.2 5465.0 + 2006.1 0.501
% neutrophils 513+ 120 628 £ 110 <0.001
% eosinophils 28+20 30+£29 0.881
% basophils 06 £ 04 04 +02 0.114
% monocytes 6.9 £ 26 58+ 17 0.065
% lymphocytes 377 +113 26.7 +95 <0.001

The data are expressed as the mean + standard deviation
RLDA remission and low disease activity; MHDA moderate and high disease
activity; WBC white blood cell
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inflammation. Since atherosclerosis is a chronic inflam-
mation process, these drugs may be also effective in re-
ducing CVD risk in RA. Previous reports have shown
that 8-week anti-TNF-a therapy reduced aortic inflam-
mation in RA patients [25]. However, the FDG uptake of
the arterial wall after treatment was still significantly
higher in RA patients than in the control group.

In our study, although the disease activity and serum
markers of RA patients significantly decreased after 6
months of biologic treatment, the inflammatory activity
of the ascending aorta still existed. This result indicated
that the cardio-protective effects of biologic therapy
might not apply to all RA patients at six months.

A cross-sectional study in the USA demonstrated that
RA patients who needed anti-TNF therapy to continue
their clinical remission had a greater FDG uptake at the
ascending aorta than those receiving non-biological
DMARDs [26]. In addition to the high disease activity
before the biological treatment, our patients had a long
disease duration after the onset of RA. These patients’
condition might have led to the remnant aortic inflam-
mation after 6 months of biological treatment, even if
their joints had a good clinical response to biological
drugs. Our results indicated that if we were intending to
use biological drugs to achieve a cardio-protective effect,
we should ensure RA patients maintain a low disease ac-
tivity for a long time.

The FDG uptake in the aortic wall was significantly
higher in RA patients with RLDA than in those with
MHDA at 6 months. This was a controversial result.
However, as mentioned above, our follow-up period was
only 6 months and thought to be insufficient to reduce
systemic inflammation by RA. It is thus possible that a
longer treatment period led to the reduced aortic inflam-
mation in the RLDA group.

In addition, a 3-year, prospective, observational study
in an Italian cohort clearly showed that the maintenance
of remission was associated with a reduced risk of ath-
erosclerosis [27]. Our results showed that while the use
of biologic therapies had reduced the clinical symptoms
at 6 months, the aortic wall inflammation in these pa-
tients persisted despite 6 months of biologic treatment.
Therefore, tight control of the RA activity in these pa-
tients should be maintained, and their CVD risk should
be carefully estimated.

In this study, we also noted an elevation of monocytes
at baseline and at 6 months in the RLDA group. An in-
creased activation of circulating monocytes has been re-
ported in patients receiving anti-TNF therapy [26] and
the elevations of monocyte subpopulation can be seen in
RA patients with coronary artery atherosclerosis and are
associated with an increased CVD risk [28, 29]. Further-
more, a previous in vivo imaging study reported that the
peripheral blood mononuclear cell accumulation was
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correlated with the arterial wall inflammation assessed
on hybrid single-photon emission computed tomog-
raphy/CT [30]. These previous findings suggest that the
increased percentage of monocytes might be involved in
arterial wall inflammation in RA patients, even after bio-
logic therapy.

Several limitations associated with the present
study warrant mention. First, traditional cardiovas-
cular risk factors could not be fully investigated
because of the lack of such information. Second,
the selection of biologic agents was left to each
physician. Since different drugs have different
mechanisms through which they act on RA patho-
genesis, treatment bias may exist. Third, since
FDG-PET/CT is a nuclear imaging modality, re-
peated examinations might lead to increased radi-
ation exposure. Finally, this was a short-term
study. To determine whether or not biological
therapies are useful for reducing aortic inflamma-
tion and CVD risk in RA patients, further long-
term follow-up research should be conducted.

Conclusions

We demonstrated that the inflammation activity of the
ascending aorta in RA patients was not significantly al-
tered after 6 months of biologic treatment. RA patients
with a low disease activity or in clinical remission after 6
months of such treatment still had an increased inflam-
matory activity at the aortic wall.
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