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Abstract
Objective
We aim to evaluate the utility of two novel quantitative PET/CT-derived parameters, Total Inflammatory Vascular
Volume (TIVV) and Total Inflammatory Glycolysis Volume (TIGV), in assessing disease activity, treatment response,
and predicting relapse in patients with large-vessel giant cell arteritis (LV-GCA).

Methods

Three LV-GCA patients underwent baseline and serial follow-up 18F-FDG PET/CT scans. Disease activity was
assessed using conventional visual methods (Meller’s scale and PETVAS) and the novel quantitative parameters TIVV
and TIGV, calculated using a semiautomated method based on FDG uptake thresholds relative to liver SUV,

mean*

Results
In Case 1, treatment initially deemed ineffective by visual criteria showed the greatest reduction in inflammatory
burden using TIVV/TIGV. In this patient, the application of quantitative parameters could have prevented multiple
ineffective treatment changes.
In Case 2, increasing TIVV and TIGV values preceded clinical relapse, which was undetected by visual assessment.
In Case 3, declining quantitative values, despite persistent visual hypermetabolism, supported our decision to
continue therapy and aligned with clinical remission.

Conclusion
In all cases, TIVV and TIGV provided an earlier and more accurate assessment of vascular inflammation than
traditional methods. Therefore, TIVV and TIGV may offer more accurate and standardized measures for evaluating
disease activity and guiding treatment in LV-GCA. These metrics could address limitations of current visual and
semiquantitative approaches but warrant validation in large studies.
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Introduction

Giant cell arteritis (GCA) is an inflam-
matory disease affecting large- and
medium-sized arteries, most com-
monly involving the aorta and its main
branches (1).

Despite advances in imaging, reliable
quantitative tools to assess disease
activity, monitor treatment response,
and predict long-term outcomes are
lacking. Among available modali-
ties, 18-fluorodeoxyglucose positron
emission tomography/computed to-
mography (F-FDG PET/CT) plays
an established role in the diagnosis of
large-vessel vasculitis (LVV), but its
utility for monitoring disease activity
over time remains debated (2). Cur-
rently, PET/CT assessment of vascular
inflammation relies on qualitative and
semiquantitative approaches (3, 4).
However, regional uptake data from
individual vascular lesions may not ac-
curately reflect the overall inflamma-
tory burden. To overcome this limita-
tion, composite disease activity scores
incorporating qualitative PET/CT pa-
rameters, such as the Total Vascular
Score (TVS) and the PET Vascular
Activity Score (PETVAS), have been
developed but are not widely used in
clinical practice (5, 6).

We previously reported the diagnostic
and prognostic potential of two novel
quantitative PET-derived metrics, Total
Inflammatory Vascular Volume (TIVV)
and Total Inflammatory Glycolysis Vol-
ume (TIGV), in LV-GCA (7). Adapted
from oncologic imaging, these metrics
quantify volumetric inflammatory bur-
den, providing a more comprehensive
assessment of vascular inflammation
than conventional parameters (8).
Here, we aim to demonstrate the po-
tential clinical utility and superiority of
these novel PET-derived metrics, com-
pared to conventional PET parameters,
by illustrating their application in the
routine clinical management of three
selected patients with LV-GCA.

Materials and methods
Three patients with LV-GCA were se-
lected for their representativeness in
illustrating the added clinical value of
the proposed novel quantitative PET-
derived metrics in LVV.

Two of these patients (Cases 1 and 2)
were enrolled in the TOPAZIO study
(Treatment Of giant cell arteritis Pa-
tients with ultra-short glucocorticoids
And tociliZumab: the role of Imaging
in a prospective Observational study)
and its extension (9, 10), and were
also included in our recent explora-
tory study (7). The third patient (Case
3) was evaluated for a disease flare
shortly after the first two but was nei-
ther enrolled in the TOPAZIO study
nor included in the exploratory analy-
sis assessing TIVV and TIGV as di-
agnostic and prognostic biomarkers in
GCA. Each included patient underwent
a PET/CT examination at baseline, at
TOPAZIO study entry for the first two
patients, and at diagnosis for the third,
and had at least two follow-up PET/CT
scans. For the first two patients, quan-
titative assessment was conducted ret-
rospectively for research purposes. In-
stead, for the third patient, quantitative
parameters were available at the time
of the follow-up PET interpretation and
directly influenced the treatment deci-
sion.

All PET/CT scans were analysed by a
single experienced nuclear medicine
physician (AV) blinded to clinical data.
TIVV and TIGV were calculated for
all PET scans using the open-source
Beth Israel PET/CT Viewer plugin
for FIJT (http://petctviewer.org). Areas
with physiologically high FDG uptake,
including the brain, bladder, myocar-
dium, and thymus, were manually ex-
cluded.

TIVV was defined as the vascular
SUV .. threshold relative to liver SU-
Ve grade 1, < -10% liver SUV
grade 2, -10% to +10% liver SUV .
grade 3,> + 10% liver SUV . TIGV
was calculated as TIVV x SUV__ . As
scans with grade > 2 in at least one
vascular district according to Meller
scale were considered indicative of ac-
tive disease, only grade 2 and grade 3
were included for the final calculation
of TIVV and TIGV. However, in our
centre, the final interpretation of dis-
ease activity and treatment response
is ultimately guided by the clinical
judgement of the specialist, who inte-
grates clinical, laboratory, and imaging
findings.

mean?
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Fig. 1. Changes in treatment (A), TIVV (B), TIGV (C), and PETVAS (D) in three patients with large-vessel giant cell arteritis.
BARI: baricitinib; GCs: glucocorticoid; PETVAS: positron emission tomography vascular activity score; SEK: secukinumab; TCZ: tocilizumab; TIVV: total
inflammatory vascular volume; TIGV: total inflammatory glycolysis volume; tx: therapy.

Results
Case 1
An adult patient diagnosed with LV-
GCA with pure extra-cranial involve-
ment in 2014, was treated with gluco-
corticoids (GCs) and various conven-
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tional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) due to
relapsing disease. In August 2019, PET/
CT imaging showed a relapse showing
grade 3 vascular uptake per Meller’s
scale. The patient was enrolled in the

TOPAZIO protocol, which included
three intravenous GC pulses, followed
by weekly subcutaneous tocilizumab
(TCZ) monotherapy. TCZ effectively
controlled the disease activity and was
continued beyond the study period.

735



TIVV and TIGYV for monitoring GCA / C. Ricordi et al.

Despite clinical remission, a PET/CT
scan in June 2023 revealed persistent
vascular hypermetabolism, with a mod-
est increase in PETVAS. TCZ was sub-
sequently discontinued and replaced
with secukinumab, which failed to
control the disease both clinically and
on imaging. The patient continued to
report constitutional and polymyalgic
symptoms, with persistently elevated
inflammatory markers. Repeated PET/
CT revealed widespread grade 3 ac-
cording to Meller’s scale uptake at
the aortic level, with further increase
in PETVAS. Consequently, in January
2024, treatment was changed to the tar-
get synthetic DMARD baricitinib.
However, another relapse occurred in
April 2024. At that time, treatment with
TCZ and a medium dose of prednisone
(0.5 mg/kg/day) was resumed. A ret-
rospective review of all prior PET/CT
scans using TIVV and TIGV confirmed
that TCZ had previously achieved the
greatest reduction in overall inflamma-
tory burden, further supported by a de-
creasing trend in overall inflammatory
volumes at the last follow up (Fig. 1,
Table I, Case 1).

Case 2

Another patient diagnosed with LV-
GCA in July 2019 received the same
treatment protocol of patient 1. PET/
CT scans from June 2020, February
2021, and December 2021 progressive-
ly showed a reduction in vascular hy-
permetabolism on visual assessment.
Due to sustained remission, TCZ was
discontinued in the summer of 2021.
In December 2021, the patient was un-
der low-dose GCs because of vague
musculoskeletal symptoms reappeared
after TCZ discontinuation and the PET/
CT was comparable to previous exams,
with only a modest increase in PETVAS.
The disease was considered inactive,
and treatment was not resumed. How-
ever, the patient experienced a clinical
relapse shortly thereafter, characterised
by constitutional manifestations and
features of polymyalgia rheumatica.
Retrospective evaluation using TIVV
and TIGV revealed increased vascular
metabolic activity on the December
2021 scan, suggesting subclinical ac-
tivity missed by conventional visual

736

Table I. PETVAS, TIVV, and TIGV values, with clinical disease activity assessment at each
PET/CT timepoint in three patients with large-vessel giant cell arteritis.

PET/CT date PETVAS TIVV TIGV Clinical status
Case 1 01/08/19 18 427 986 active
01/02/20 11 152 309 inactive
01/10/20 18 186 416 active
01/03/22 10 68 145 inactive
01/06/23 11 62 189 inactive
01/01/24 18 104 287 active
01/02/25 9 22 57 inactive
Case 2 01/07/19 27 256 659 active
01/06/20 9 80 178 inactive
01/02/21 9 98 221 inactive
01/12/21 14 367 779 inactive
Case 3 01/09/20 16 94 281 active
01/07/21 10 64 201 inactive
01/06/22 9 169 373 inactive
01/03/23 24 732 1738 active
01/10/23 24 555 1253 inactive
01/01/24 18 203 553 inactive
01/08/24 9 198 379 inactive

PETVAS: positron emission tomography vascular activity score; TIVV: total inflammatory vascular
volume; TIGV: total inflammatory glycolysis volume.

analysis (Fig. 1, Table I, Case 2).

Case 3

An adult patient was diagnosed with
both cranial and extra-cranial GCA in
September 2020. Due to significant
cardiovascular comorbidities, a 26-
week tapering regimen of GCs along-
side TCZ was started from disease
onset. TCZ was discontinued after ap-
proximately 18 months of treatment
due to sustained remission.

A clinical and imaging relapse occurred
in March 2023, prompting reinitiation
of TCZ monotherapy. The patient re-
fused GC therapy due to previously ex-
perienced side effects, including uncon-
trolled diabetes, hypertension, weight
gain, and insomnia. Follow-up PET/CT
scans in October 2023 and January 2024
showed persistent grade 3 vascular up-
take despite the patient being in clinical
remission, with only modest reduction
in PETVAS. However, TIVV and TIGV
demonstrated a marked reduction in in-
flammatory burden, supporting the de-
cision to continue the current treatment
strategy (Fig. 2). Clinical remission was
achieved and maintained through the
last follow- up (Fig. 1, Table I, Case 3).

Discussion
In this case series, we introduce the
application of novel semi-automated

PET/CT parameters adapted from on-
cology to measure the metabolic burden
of vascular inflammation in LVV-GCA
patients (8).

We presented three illustrative cases in
which TIVV and TIGV proved more
accurate in assessing disease activity
and predicting disease flare than con-
ventional qualitative and semiquanti-
tative PET/CT parameters. In the first
two cases, their use could have influ-
enced the clinical assessment and guid-
ed therapeutic decisions, while in the
third, quantitative parameters directly
impacted the treatment approach.

Case 1 highlights the clinical relevance
of these metrics: treatment with TCZ
was considered ineffective and discon-
tinued based on visually interpreted
PET/CT findings. However, retrospec-
tive analysis using quantitative metrics
revealed that TCZ had been the most
effective therapy in reducing the over-
all inflammatory burden. In this patient,
the application of quantitative parame-
ters could have prevented multiple inef-
fective treatment changes.

In the second case, conventional visual
PET assessment did not detect sub-
clinical disease activity preceding the
relapse, which was retrospectively evi-
dent using TIVV and TIGV metrics.

In the third case, persistently high visual
scores were discordant with decreasing

Clinical and Experimental Rheumatology 2026
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Fig. 2. Changes in total inflammatory vascular volume occurring in Case 3 at different timepoints (A, B, C).

TIVV: total inflammatory vascular volume.

quantitative parameters, which showed
a clear trend toward reduced vascular
inflammation. Although these volu-
metric metrics are not yet validated for
routine clinical decision-making, their
consistent downward trend supported
the interpretation of treatment response
and reinforced the multidisciplinary
decision to continue TCZ therapy.
Several studies have evaluated the
accuracy of qualitative and semi-
quantitative FDG PET metrics in dis-
tinguishing active from inactive LVV
and in predicting relapse risk (11, 12).
However, as demonstrated in our case
series, these conventional approaches
show limited reliability in assessing
disease activity, monitoring treatment
response, and, crucially, predicting re-
lapses.

Visual grading systems such as Mel-
ler’s scale are widely used for their
simplicity but are hampered by sig-
nificant inter-observer variability and
low sensitivity to changes. Other semi-
quantitative methods, such as SUV
and SUV__ ., are more reproducible
than visual assessment but are not rou-
tinely used in clinical practice due to
their time-consuming nature. Further-
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more, they may not accurately capture
global vascular activity, as focal areas
of hypermetabolism can overestimate
vasculitic activity, while diffuse ar-
eas of milder hypermetabolism may
be underrepresented. In our recent
study, we showed that TIVV and TIGV
were strongly associated with active
disease, whereas SUV-based metrics
(SUVmax, SUVmean) had only weak
and imprecise associations. Therefore,
we considered visual scores as a more
appropriate comparator. Nonetheless,
PETVAS provided only minor ad-
ditional clinical information over the
visual score in all three cases.

Although Figure 1 shows some over-
lap in the temporal trends among PET-
VAS, TIVV, and TIGV, the quantitative
volumetric metrics provided a more
nuanced assessment of disease burden,
by more precisely capturing both the
extent and intensity of inflammation.
This underscores the limitations of an
ordinal scale like PETVAS, which may
fail to capture clinically relevant vari-
ability due to ceiling effects in wide-
spread inflammation and underestima-
tion in intense but segmental disease.
In such scenarios, quantitative methods

such as TIVV and TIGV, calculated
semi-automatically and expressed on
a cardinal scale, may provide a more
comprehensive and standardised as-
sessment of overall disease activity.
This case series is limited by its small
sample size and the lack of long-term
prospective validation of these volu-
metric parameters. Moreover, although
the semi-automated methodology is
based on open-source software, it still
involves manual steps (e.g. exclusion
of non-vascular FDG uptake), which
may introduce variability and necessi-
tate user training. Although no internal
reproducibility assessment was per-
formed in our study, the reproducibility
of this technique has been previously
established and validated in oncologi-
cal studies (13).

In conclusion, TIVV and TIGV are
promising PET/CT-derived metrics for
assessing disease activity and treat-
ment response in LV-GCA. These
quantitative tools may facilitate earlier
detection of disease relapses, support
personalised treatment strategies, and
address the limitations of visual and
conventional semi-quantitative assess-
ments.
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