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Summary (take home message for social media, 250-character max)

Patients with distal chronic thromboembolic pulmonary hypertension (CTEPH) show
greater FDG lung uptake on PET scans than those with proximal disease, suggesting a
proliferative microvasculopathy. These findings support further investigation on the role of
PET/CT in characterising CTEPH.
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To the Editor,

Pulmonary hypertension (PH) is characterised by elevated pulmonary artery pressure and
is classified into five groups based on clinical characteristics and therapeutic approaches
[1]. Group 4 corresponds to chronic thromboembolic pulmonary hypertension (CTEPH),
which is characterised by a combination of thrombotic occlusive disease and peripheral
vasculopathy. The balance between these abnormalities determines the therapeutic
approach [2].

We have previously demonstrated a proliferative phenotype in endothelial cells of
pulmonary endarterectomy (PEA) specimens from patients with CTEPH with predominant
proximal disease [3]. Distal vasculopathy involves remodelling of peripheral pulmonary
arteries with lesions like those observed in pulmonary arterial hypertension (PAH) [2],
namely intimal fibrosis and fibromuscular proliferation. Recent studies have identified a
distinct microvasculopathy in CTEPH, involving small pre-capillary vessels, capillaries, and
pulmonary venules with widespread cellular proliferative phenomena [4,5].

Positron emission tomography (PET) is a molecular imaging tool that detects and quantifies
the metabolic activity associated with various processes, including cellular proliferation. In
PAH, significant cellular proliferation has been demonstrated in the right ventricle [6,7],
although conclusive data regarding the lung parenchyma is lacking[8,9]. Similarly, PET
studies in CTEPH have not yielded conclusive results[9,10]. We hypothesised that patients
with CTEPH, depending on whether they have predominant proximal or distal involvement,
would exhibit different patterns of ['®F]-FDG uptake in PET/CT imaging reflecting differences
in cell proliferation. This study aimed to investigate the differences in ['®F]-FDG uptake in
the lung parenchyma, pulmonary arteries, and right ventricle between CTEPH patients with
proximal and distal involvement, comparing them to patients with idiopathic PAH (iPAH)

and healthy controls.

We evaluated 15 patients (62+10 years; 33% women) with CTEPH and proximal occlusive
lesions (CTEPH-p) eligible for pulmonary endarterectomy, 10 patients (666 years; 80%
women) with CTEPH with distal lesions (CTEPH-d) unsuitable for surgical removal, 20
patients (51+14 years; 65% women) with iPAH, and 20 healthy volunteer controls with no
known underlying medical condition (44%9 years; 65% women). Patients with other lung or
systemic diseases that could affect FDG uptake on PET/CT were excluded. The study was
approved by the Hospital Clinic Ethics Committee and registered at the EUDRACT database
(2016-000347-14).
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All participants underwent a six-minute walk test and measurement of B-type natriuretic
peptide (BNP) levels at the time of study inclusion. Plasma levels of angiogenic factors were
measured in 28 subjects using a commercially available ELISA kit (QAH-ANG-3, Raybiotech).
Diagnostic right heart catheterisation (RHC) was performed in all patients with pulmonary
hypertension (PH), and the measurement closest to the FDG-PET/CT assessment (mean

114114 days) was considered for the analysis in patients with multiple RHCs.

PET/CT imaging was performed using a Siemens Biograph mCT system after at least 6 hours
of fasting. Approximately 281MBq (181-395MBq) of ["®F]-FDG was injected
intravenously[11]. Low-dose chest CT was performed before PET for anatomical placement
and attenuation correction. Dynamic PET acquisition over 90 minutes captured
mediastinum, pulmonary parenchyma, pulmonary arteries, right ventricle (RV), and left
ventricle (LV). Average standardised uptake values (SUV) of ['®F]-FDG were computed from
PET images summed over the final 30 minutes of acquisition for regions of interest (ROIs)
within these anatomical areas. Five ROls of the pulmonary parenchyma in axial, coronal
and sagittal planes were obtained for each lung. Pulmonary artery ROIs were placed at the
level of the pulmonary artery trunk. The RV/LV FDG uptake ratio was computed. The analysis
of ['®F]-FDG uptake in ROIs was conducted using GIMIAS 1.8 program and expressed as the
average value (SUVmean). Statistical analyses involved ANOVA, post hoc tests, and

Pearson's or Spearman's correlation tests.

Patients with CTEPH-d and CTEPH-p were older than controls (P<0.05), whereas age in the
iPAH group was comparable. Females predominated in the CTEPH-d, iPAH, and control
groups, whereas CTEPH-p patients were predominantly males. BMI was significantly higher
in CTEPH-d patients (359 kg/m?) than in controls (25%4 kg/m?* P<0.05); while in the
CTEPH-d and IPAH groups (27+5 kg/m?, each) BMI was similar.

At the time of study inclusion, 95% patients with IPAH, 100% with CTEPH-d, and 67% with
CTEPH-p were receiving PAH therapies. Six-minute walk distance (6MWD) was significantly
shorter in all patient groups (413+76, 416110 and 508+124 m; CTEPH-p, CTEPH-d and
IPAH, respectively) compared to controls (654+79 m; P<0.05). BNP levels were highest in
CTEPH-p (207%+201 vs. 13%12 pg/ml in controls; P<0.05) and elevated in CTEPH-d (35+26
pg/ml) and IPAH (93+145 pg/ml). At the closest RHC, mean pulmonary artery pressure was
higher in CTEPH-p (48+11 mmHg) than in CTEPH-d (39+12 mmHg) and similar to IPAH
(4410 mmHg). Cardiac index was significantly lower in CTEPH-p than in CTEPH-d
(2.04£0.3 and 2.65+0.3 L/min/m? respectively; P<0.05) and similar to iPAH (2.32%0.5

L/min/m?). Pulmonary vascular resistance was higher in both CTEPH-p and iPAH (794+197
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and 780+340 dyn-s-cm™, respectively) than in CTEPH-d (490+176 dyn-s-cm™; P<0.05
compared to IPAH).

The ['®F]-FDG uptake in the lung parenchyma was higher in the CTEPH-d group than in the
CTEPH-p, iPAH and control groups (Figure 1b). Patients with CTEPH-d also showed greater
FDG uptake in the pulmonary arteries than healthy controls, which did not differ from
patients with CTEPH-p or iPAH (Figure 1c). In contrast, FDG uptake by the RV, as assessed
by the RV/LV ratio, was significantly higher in the CTEPH-p and iPAH groups than in the
CTEPH-d and control groups (Figure 1e).

The ['®F]-FDG uptake in lung parenchyma correlated with that in pulmonary arteries (r=0.71;
p<0.001), but not with the RV uptake. The RV/LV FDG uptake ratio correlated with the CI
(r=-0.35 p=0.018), 6MWD (r=-0.25; p=0.04), and BNP (r=0.53; p<0.001).

Among the 30 angiogenic biomarkers analysed, plasma levels of vascular endothelial growth
factor receptor 2 (VEGFR2) were elevated in CTEPH-d and iPAH, while levels of urokinase-type
plasminogen activator receptor (UPAR) were increased in CTEPH-p and iPAH, compared to

controls.

Our study shows increased ['®F]-FDG uptake in the lung parenchyma in patients with CTEPH
with distalinvolvement compared to those with proximalinvolvement and iPAH. Incontrast,
['®F]-FDG uptake by the right ventricle was increased in both patients with proximal CTEPH
and those with iPAH, the groups exhibiting greater haemodynamic impairment.

Increased ['®F]-FDG uptake reflects greater glycolytic metabolism in pulmonary arteries
and lung parenchyma of patients with distal CTEPH. A potential explanation would be
increased cell proliferation activity in small-sized vessels, consistent with the observation
that these patients exhibit prominent microvasculopathy in their lungs [4,12]. Peripheral
vasculopathy is also present in patients with proximal CTEPH, downstream of occluded
vessels, with anastomoses between bronchial arteries, precapillary arterioles and
pulmonary venules[5]. Presumably, the increased FDG uptake by the lung parenchyma in
CTEPH-d likely reflects a greater sensitivity in capturing microvasculopathy in "open"
arteries than in occluded vessels, although we cannot exclude other sources of increased
metabolic activity, like inflammation[13,14]. Future studies utilising radiotracers specific
for hyperproliferation may help to clarify this hypothesis [15-17]. Differences in lung
perfusion blood volume (PBV) could also explain the differences in FDG uptake between
groups. Although PBV has not been directly compared between proximal and distal CTEPH,
it inversely correlates with hemodynamic severity[18]. Since patients with CTEPH-p had

greater hemodynamic impairment, we cannot exclude that the higher lung FDG uptake in
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CTEPH-d might be attributable to differences in PBV. This hypothesis warrants further
investigation employing advanced imaging. Patients with CTEPH-d had higher BMI than
those with CTEPH-p. While BMI may influence FDG uptake in pulmonary arteries[19], it does
not affect uptake by lung parenchyma[20]. Thus, the increased parenchymal uptake in
CTEPH-d, unaffected by BMI, supports a primary role of microvascular pathology on our
findings. Interestingly, patients with distal CTEPH also showed higher plasma levels of
VEGFR2, which promotes endothelial cell proliferation and is involved in the pathogenesis
of pulmonary hypertension [21].

Notably, our study did not find differences in pulmonary FDG uptake between iPAH patients
and healthy controls or patients with CTEPH. Other studies have also failed to demonstrate
increased FDG uptake in iPAH, despite cell proliferation is a hallmark of PAH vasculopathy
[22]. We found elevated plasma levels of VEGFR2 and uPAR in iPAH patients, consistent
with previous research[21]. Although iPAH and CTEPH share similarities in the pulmonary
microvasculopathy, differences in lung FDG uptake may reflect subtle differences in the
underlying pathophysiological processes, with distal CTEPH potentially involving more
active proliferative or inflammatory processes.

FDG uptake by the RV was greater in patients with CTEPH-p and iPAH compared with
healthy controls, consistent with previous reports [8,10,22,23], and also greater than in
patients with CTEPH-d, likely due to less severe haemodynamic compromise in the latter
group. Indeed, RV uptake was inversely related to Cl and the 6MWD, while it was directly
correlated with BNP levels. Overall, this suggests that increased RV metabolism represents
an adaptive response to increased afterload rather than a distinct feature distinguishing
proximal from distal CTEPH [25].

Our study has limitations, including uncertainty regarding the interpretation of the FDG
uptake signal, a small sample size, and differences in PAH therapy between the PH groups.
Although PH treatment may contribute to differences in pulmonary hemodynamics and
BNP levels, their potential effect on FDG uptake in lung parenchyma or pulmonary vessels

remains uncertain.

In conclusion, our study shows a different metabolic profile, assessed by FDG-uptake on
PET/CT, in patients with CTEPH, with increased glycolytic activity in the lung parenchyma
and pulmonary vessels in those with distal involvement. The potential clinical utility of FDG
PET/CT uptake in assessing peripheral vasculopathy in CTEPH warrants further

investigation.
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FIGURE LEGENDS

Figure 1: a) Representative PET/CT fusion images illustrating [18F]-fluorodeoxyglucose
(FDG) uptake patterns in control subjects and patients with idiopathic pulmonary arterial
hypertension (iPAH), chronic thromboembolic pulmonary hypertension with proximal
(CTEPH-p) and distal involvement (CTEPH-d). Top row: sagittal views of the left lung; middle
row: pulmonary arteries; and bottom row: right and left ventricles. Control subjects showed
negligible FDG uptake in lung parenchyma and pulmonary vasculature. FDG uptake was
increased in the lung parenchyma and pulmonary arteries in patients with CTEPH-d.
Conversely, FDG uptake in right ventricle (RV) relative to the left ventricle (LV) wasincreased
in patients with CTEPH-p and iPAH. b-e) Bar diagrams showing mean standardised FDG
uptake values (SUVmean) in: b) lung parenchyma, ¢) main pulmonary arteries, d) lobar
pulmonary arteries, and e) RV/LV ratio in control subjects and patient groups. Statistical
significance (P values) between groups is indicated where applicable.
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