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ABSTRACT

Introduction: The utility of obtaining follow up 18-F fluorodeoxyglucose positron emission
tomography (FDG PET) imaging in patients with giant cell arteritis (GCA) is unclear. We
performed a systematic review and meta-analysis to determine how often vascular FDG PET

uptake improves or normalizes in GCA patients after starting immunosuppressive treatment.

Methods: An electronic literature search of MEDLINE (Ovid), EMBASE, CINAHL, Scopus,
and Cochrane Library from inception through November 4 2020 was performed. Longitudinal
studies assessing the correlation of follow-up 18F-FDG PET and clinical or biochemical disease
activity in GCA patients receiving treatment were included. Screening, full text review and data
extraction was performed by 2 independent reviewers. Meta-analysis of the pooled sensitivity of
improved PET for those with clinical or biochemical improvement, and normalized PET for
those in clinical remission was performed. Subgroup analyses were performed to examine the
tocilizumab-treated patients (TCZ subgroup), studies using international consensus criteria for
PET interpretation (CC subgroup), as well as use of hybrid PET/CT (PET/CT subgroup)

imaging, and effects of size (Pt Number subgroup).

Results: Of 18 included studies, most described improvement of FDG uptake in GCA patients
after starting immunosuppressive treatment, but normalization of PET occurred less commonly
among patients in remission. The pooled sensitivity of improved PET uptake for those with
clinical improvement was 0.85 (95% CI 0.76-0.93, I°=0), the pooled sensitivity of improved PET
uptake for those with biochemical improvement was 0.84, (95% CI 0.74-0.93, I>=0), and the

pooled sensitivity for normalized PET in those in clinical remission was 0.43 (95% CI 0.34-0.53,



P’=9.2). Results were similar in the CC , PET/CT and Pt Number subgroups (pooled sensitivity
for PET normalization was 0. 41, 95% CI 0.28, 0.55; 0.43, 95% CI1 0.32, 0.55; and 0.41, 95% CI
0.33, 0.51), however more heterogeneity was observed (1°=50.3%, 92.5%, and 95.3%
respectively.) The pooled sensitivity for PET normalization improved to 0.80 (95% CI 0.65-

0.93, I’=0) in the TCZ subgroup.

Conclusion: Vascular FDG uptake improved in the majority (85%) of GCA patients who
experienced clinical improvement on treatment and normalized in 43%. Limited data suggested
follow up PET scans normalized more often in TCZ-treated patients. Additional prospective

longitudinal studies of FDG PET are needed.
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Chapter 1: Introduction

Giant cell arteritis (GCA) is the most common primary systemic vasculitis of older persons.!=

Although often considered a disease of the temporal arteries, inflammation of the aorta and
major arteries is present in most patients*> and is often under-recognized. Patients with GCA are
treated with high dose prednisone, and increasingly frequently, tocilizumab (TCZ), however,
relapses occur in 25-75% of patients over time,® resulting in a high lifetime cumulative exposure

to glucocorticoids, with frequent adverse events.’

There is currently no gold standard test for determining disease activity in GCA—in clinical
practice, this is typically determined by a physician global assessment, incorporating symptoms,
physical signs, and laboratory markers. ESR and CRP, although commonly used in decision-
making, are neither sensitive nor specific for GCA, and are silenced by tocilizumab, making
them of little value in patients receiving this medication.® Indeed, in a subsequent analysis of a
large prospective study in GCA, ESR or CRP were falsely normal in one third of GCA patients
experiencing clinical flare, and falsely elevated in over half of patients in remission.® Diagnostic
imaging studies that can visually depict active large vessel inflammation are therefore of high
interest for assessing disease activity. 18F-fluorodeoxyglucose positron emission tomography
(FDG-PET) is a functional imaging modality that depicts glucose metabolism within blood
vessel walls.® It reliably identifies active large vessel inflammation in GCA patients before
glucocorticoids are initiated, with a high pooled sensitivity of 90% and specificity of 98% for the
diagnosis.® The utility of FDG PET in assessing disease activity over time in patients receiving

treatment, however, is still debated.*!°-12 While some studies describe persistent vascular FDG



uptake despite achievement of clinical remission in treated GCA patients,* others have reported
complete normalization of FDG uptake within 2 weeks of therapy.!? These discrepancies may
arise due to differences in the criteria for what constitutes an “active” scan, as well as differences
in doses and duration of treatments received and timing of follow up scans. From a mechanistic
perspective, it is postulated that glucocorticoids may interfere with an accurate FDG PET scan
interpretation by directly inhibiting uptake of FDG into vascular cells (via inhibition of glut
transporters), and/or by increasing hepatic uptake of tracer (the most commonly used organ for
determining “background” FDG uptake), resulting in falsely normal PET in treated patients.!* In
addition, PET scans in treated patients may also be falsely positive if persistent vascular FDG
uptake may occur due to processes other than active vasculitis, such as vascular wall

remodelling, or concomitant atherosclerosis in an elderly patient.!*13

In 2018, a systematic review to inform the EULAR recommendations for imaging in large vessel
vasculitis found insufficient data to determine the utility of PET for follow-up.'® It was
recommended that follow-up PET imaging not be pursued in patients in clinical remission, but
consideration be given to re-imaging those who subsequently flare.!” While objective, this
approach may result in difficulty interpreting “flare” scans in clinical practice, if we
acknowledge that FDG uptake may improve but not completely resolve in some or perhaps many
patients. Another more recent systematic review and meta-analysis evaluating the role of PET
during treatment of patients with different types of large vessel vasculitis, found that FDG PET
had a moderate sensitivity (77%) and specificity (71%) for determining disease flare during
treatment using cross sectional studies, however, how often PET normalizes in those patients

who subsequently enter clinical remission could not be determined.'®



Due to the significant risks associated with both under- and over-treatment of GCA,
understanding which biomarkers accurately reflect disease activity in patients treated with
glucocorticoids and TCZ is a high priority. We performed a systematic review and meta-
analysis to assess the longitudinal value of repeat FDG PET scans over time in GCA patients
starting treatment, to determine how often follow up PET improves in patients who clinically
improve on treatment. Our review addressed 3 questions: 1) how often does vascular FDG
uptake improve on follow up PET in GCA patients who clinically improve after starting or
escalating immunosuppressive treatment, 2) how often does vascular FDG uptake improve on
follow up PET in GCA patients who biochemically improve after starting or escalating
immunosuppressive treatment, and 3) how often does vascular FDG uptake normalize in treated

GCA patients who enter clinical remission.



Chapter 2: Methods

The systematic review and meta-analysis is reported in accordance with PRISMA 2020
statement. The protocol for this systematic review and meta-analysis was registered in

PROSPERO (CRD42020219141), available at:

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=219141&VersionID=14223
98.

Data sources and search strategy:

An electronic literature search of MEDLINE (via Ovid), EMBASE, CINAHL, Scopus, and
Cochrane Library (Wiley) from date of inception through November 4 2020 was performed by a
University of Alberta medical librarian (JK.) No language or date limits were applied. Please
refer to supplemental data for full-text search strategies (see Appendix 1.) Reference lists from
included studies were hand searched for additional relevant papers. The search was performed
using terms: “PET”, or “positron emission tomography” or “positron emission
tomography/computerized tomography”, or “PET/CT”, or “FDG-PET” or “F-
fluorodeoxyglucose positron emission tomography”, or “FDG-PET/MR” or “F-
fluorodeoxyglucose positron emission tomography/magnetic resonance imaging” with “giant cell
arteritis”, or “GCA”, or “temporal arteritis”, or “large vessel vasculitis”, or “aortitis”, or
“Horton’s disease.” For full texts that were not retrieved automatically using EndNote, a full
text request was submitted via University of Alberta interlibrary loan. Full texts not received
within 3 months of the request submission were excluded (mean time to recovery of full texts
was 5.3 days, +/- 4.34.) All unique references were imported into Covidence,'® a web-based

program to facilitate the screening process for systematic reviews.


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=219141&VersionID=1422398
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=219141&VersionID=1422398

Study Selection:

Studies that addressed the correlation between follow-up 18-F FDG PET or hybrid imaging
(FDG PET/CT, FDG PET/CTA, FDG PET/MR) and disease activity in GCA patients receiving
treatment for > 3 months were included. Inclusion criteria were the following: full published
manuscripts, including a minimum of 2 GCA patients starting/escalating treatment with >3
month follow-up. For inclusion, “treatment” may have included prednisone (or other
glucocorticoid), methotrexate, tocilizumab, anti-TNF therapy, abatacept, or any other biologic or
conventional immunosuppressive medication. Patients must have had a positive baseline PET
documenting large vessel vasculitis, and at least 1 follow-up scan over time (>3 months after
treatment start or escalation); with PET results classified as either positive or negative (using
either a set visual cut-off score, semi-quantitative cut-off score, or nuclear medicine physician’s
opinion); or as improved/worsened/unchanged (based on pre-determined score, including
PETVAS, total vascular score, or SUVmax or target blood:pool ratios, or nuclear medicine
physician opinion). Studies must have also documented an assessment of disease activity,
considered in this review as the gold standard for disease activity, using either: physician opinion
(or decision to escalate treatment as a surrogate of this), a disease activity score [for ex: NIH
criteria or Birmingham vasculitis activity score (BVAS)] or an arterial biopsy result, or
CRP/ESR (contributing data to review question #2 only.) Individual patient data must have been
available to permit calculation of the pooled sensitivity and specificity of PET improvement or
normalization [documented as yes/no], for clinical or biochemical improvement or clinical

remission [yes/no] in treated patients.



Exclusion criteria: Studies using only other forms of disease activity assessment (for ex: other
imaging modality results) as the gold standard for disease activity were excluded, as were studies
that did not document a baseline positive PET for large vessel vasculitis. Studies using PET for
diagnosis of GCA only, those with insufficient data to determine the absolute numbers of true-
positive (TP), true-negative (TN), false-positive (FP) and false-negative (FN) PET scans, as well

as abstracts, single case reports, editorials and review articles were excluded.

Study eligibility, data collection and extraction:
Two reviewers independently reviewed all the retrieved abstracts and titles to determine initial
study eligibility, then full manuscripts for study inclusion (AC, JH.) Discrepancies were resolved

by consensus.

Data was extracted independently by 2 reviewers (AC, AY) and recorded using standardized
forms. Disagreements were resolved by consensus. Baseline study data recorded included: lead
author, year of publication, country of study, study type (cross-sectional, prospective or
retrospective cohort, randomized control trial, etc), number GCA patients described,
mean/median age of patients, % female, type of treatments received between baseline and
follow-up PET scan (prednisone, tocilizumab, methotrexate, other [list]), time between baseline
and follow-up PET scan (months), type of imaging scan (PET, PET/CT, PET/CTA, PET/MR),
number of scans performed per patient, methods of PET interpretation (visual score cut-off,
semi-quantitative score cut-off, expert opinion), and methods of disease activity assessment
(physician opinion/decision to treat, NIH criteria or BVAS, biopsy). The results of follow up

PET scans (positive, negative, or improved/unchanged/worsened), and patients’ clinical disease



activity status (active, remission) at time of scans was recorded. For each included study, we
extracted data regarding the number of TP, TN, FP, FN PET scans for GCA disease activity
(using clinical disease activity assessment as gold standard for questions 1 and 3, and ESR and/or

CRP for question 2.)

A quality assessment of the studies was performed independently by 2 reviewers (AC, AY) using
the Quality Assessment of Diagnostic Studies-2 (QUADAS-2).2’ Disagreements were resolved

by consensus, and final results were reported in tabular form.

Statistics

Studies were grouped according to ability to contribute data to each of the 3 review questions.
Subgroup analyses were also performed to assess the frequency of PET improvement or
normalization over time in GCA patients who received tocilizumab specifically (TCZ subgroup),
and to assess the frequency of PET normalization during follow up using internationally
recommended consensus criteria to define an “active” versus normal FDG PET (Consensus
Criteria, or CC subgroup).® The latter subgroup consisted of only those studies that defined
“active vasculitis” on FDG PET using visual scores from 0-3 in comparison to the liver, with
grade 0 or 1 vascular uptake signifying a normal PET, and grade 2 or 3 vascular uptake
signifying active vasculitis. Additional subgroup analyses were also performed to examine the
effect of improvements in imaging technology over time by limiting analysis to those studies that
used PET/CT hybrid imaging (PET/CT subgroup) and the effect of study size by evaluating only

those studies with a minimum of 5 patients with serial scans (Pt Number subgroup.)



Descriptive statistics (mean +/-standard deviation, or median and range, as appropriate) were
used to summarize the features of individual studies. A meta-analysis of the pooled sensitivity
and specificity of 1) improved FDG PET for clinical improvement in treated GCA patients, 2)
improved FDG PET for biochemical improvement in treated GCA patients, and 3) normalized
FDG PET for clinical remission in treated GCA patients, was planned using a bivariate model. In
the case of insufficient data (ie: a required minimum of four studies containing joint estimates of
both sensitivity and specificity), a pooled sensitivity analysis using the Freeman-Tukey double
arc sine method for pooling proportions was performed. 2! Pooled data with 95% confidence
intervals (CI) was presented using forest plots, with an assessment for study heterogeneity using

2. P-values of <0.05 were considered significant.



Chapter 3: Results

Literature search

The search strategy identified 1932 unique studies, of which 1764 were excluded after
title/abstract screening. The remaining 168 studies underwent full-text review of which 150
were excluded. See Figure 1 for flow diagram of screened studies. The most common reasons
for study exclusion were publication available in abstract form only, or insufficient detail
provided to extract individual patient data.??-2¢ Ultimately, 18 studies were included in the
systematic review and meta-analysis,*?” as they either contained sufficient data to assess for
the sensitivity/specificity of PET improvement for clinical improvement (15 studies),?$#!43
biochemical improvement (15 studies),?’3234404243 or PET normalization for clinical remission

in treated GCA patients (16 studies.)*?7-2-31-41.43

Qualitative analysis (systematic review)

Table 1 describes the baseline data of the 18 included studies.*?’* Studies were published
between 2002 and 2020. Of these, the majority (16 studies) were conducted in Europe, with 1
each from U.S.A. and Japan. Five prospective cohort studies were included,*?”->**143 and the
remaining studies were retrospective cohort. Included GCA patients were of older age (in all
studies, average age>50 years), and predominantly female. In accordance with study inclusion
criteria, after baseline positive scan, all GCA patients were treated with new or escalating doses
of immunosuppressive therapy, most commonly prednisone (used in 17/18 studies), methotrexate
(7 studies, 33 patients) and tocilizumab (6 studies, 27 patients).?’2%3840 Other
immunosuppressants, including azathioprine (3 patients), mycophenolate mofetil (1 patient),

cyclophosphamide (7 patients), anti-TNF (3 patients), anakinra (2 patients), chloroquine and



cyclosporine (not specified) were rarely used. In one study, all patients received treatment, but
the type of immunosuppression was not described.** The clinical assessment of disease activity
(gold standard) was determined by the clinician’s opinion in nearly all of the studies (16 of 18),
typically informed by the presence of symptoms, signs and inflammatory markers. Two studies
used a formal clinical disease activity score (the BVAS in 1 study,?” and the NIH/Kerr index in

another.?’)

Performance, image acquisition and interpretation of PET

In most studies, 18F-FDG PET/CT imaging was performed, while 5 studies used 18F-FDG PET
only. No studies describing PET-MR were included. All studies contained longitudinal PET
data, with a median of 2 to 4 PET scans per patient described in each, and some studies including
up to 5 follow up scans per patient, over a median of 3-19 months (range 3-54 months).
Variability was seen in the acquisition of PET imaging. Twelve studies reported the time
between injection of FDG and image acquisition, with 60 mins being the most common uptake
time (10 studies)*2%-31:32:35.37-39.4243 " \yhile 1 study waited 90 mins*® and another waited 120
mins.2” PET scans were described using the Nuclear Medicine physician’s opinion in all 18
studies, while visual scores were also reported in 12 studies.*27-2%-3235-3739-43 Vjgual scores
typically described vessel uptake in comparison to liver uptake, however in 3 studies no
comparator organ was used or specified, and in 1 pulmonary uptake was used for comparison.

Semi-quantitative scoring methods were performed in 8 studies, including vessel standardized

) 29,35,38-40,42 S 27,39
5 b

uptake values (SUVmean or max or summed visual scores, such as PETVA or

Total Vascular Scores (TVS).** The definition of “active vasculitis” by PET differed between

27,30,31,34,38

studies, most often relying on the Nuclear Medicine physician’s opinion or the

10



presence of vascular FDG uptake greater than or equal to that of the liver.3237-394942 See Table 2

for full details of imaging characteristics of included studies.

Assessment of Study Quality

Variability in the performance and interpretation of the index test, as well the reference standard
were the main sources of bias in the 18 included studies (see Figures 2a and 2b, and QUADAS
results for individual studies in Appendix 2.) In many studies, it was unclear whether PET or
clinical assessment were interpreted blinded with respect to one another, and in some, it was

explicitly stated that they were not.

Main Findings

A summary of the main PET findings in each study can be found in Table 3. In most studies,
FDG uptake improved on follow up PET scans (by either Nuclear Medicine opinion, visual
scores, or semi-quantitative measures) in the treated patients who clinically improved. In 11 of
the 15 studies, repeat PET scan improved in all of the 56 cases in which a repeat scan was
performed during period of clinical improvement.?8313541 However, in the remaining 4 studies
describing 54 cases, improved FDG uptake occurred in only 27 (between 40% to 66.7% cases in
individual studies.)*?3** Some of these studies suggested that ongoing improvement in
vascular FDG uptake may occur with longer follow up. For example, in one retrospective study
by de Boysson et al, among 34 follow up scans conducted in patients in ongoing clinical
remission, 12 of 25 (48%) PET scans improved at median 11 months follow up, however, 5 of 7
(71%) scans improved when repeated at 15 months. No further improvement was seen in the

remaining 2 scans repeated 20 and 25 months, however.*? Similarly, in a smaller study by

11



Daumas et al, among 5 patients evaluated at baseline, 6 and 12 months with PET/CT, although

only 1 of the 5 follow up scans improved at 6 months, 3 of 5 scans improved by 12 months.?3

Similarly, most studies found that FDG uptake improved in follow up PET scans performed in
those with biochemical improvement. In 10 of the 15 studies, improvement in FDG uptake
occurred in all of the 40 cases in which biochemical improvement occurred.?8-31:34-36.38-40 Ty the
remaining 5 studies, however, improved FDG uptake occurred in only 44 of 72 cases.?7-32:37:4243
In addition, 2 cases were described in which follow up PET improved in patients who had a rise
in CRP but no clinical symptoms of active disease---in one of these cases, additional work-up led

to an alternative diagnosis of urinary tract infection to explain the elevated inflammation

marker.3¢

Repeat PET scans were less likely to normalize in treated patients who achieved clinical
remission, however. In 5 of the 16 studies describing this outcome, all of the 28 repeat scans
done in patients in clinical remission normalized.?3!-384041 However, in the other 11 studies
describing 124 follow up scans done in patients in clinical remission, normalization of FDG
uptake occurred in only 37 cases.*?72%-3237:3943 Among the 5 prospectively conducted studies, 1
found that repeat PET normalized in 3 of 3 (100%) patients in clinical remission,*! while the
other 4 studies found that follow up PET normalized in 0/6 (0%),* 3/14 (21.4%),?” 10/30
(33.3%),* and 1 of 2 (50%)% patients in remission, respectively. As was seen for improvement in
FDG uptake, some studies suggested repeat PET scans were more likely to fully normalize with
increased duration of treatment/time since active disease. For example, in de Boysson et al, only

4 of the 25 scans (16%) done at 11 months follow up normalized, however, by 15 months, 2 of 7

12



(28.6%) repeat scans had done so.3? Similarly, in Blockmans et al, although no statistically
significant improvement in total vascular FDG scores was seen beyond 3 months follow up, at 6
months follow up, complete resolution of FDG uptake occurred in 2 of the 8 patients who still

had uptake at 3 months.*

Four studies described the results of repeat PET over time in patients who had clinically active
disease despite treatment.***3742 In 3 of these studies, all follow up scans done in patients with
clinically active disease were still positive.>*374? In one study, however, PET remained positive
in 11 of the 14 (78.6%) prospectively conducted follow up PET scans, but normalized in the

other 3 (21.4%) despite ongoing clinical activity.*

Tocilizumab (TCZ) subgroup

Differences in immunosuppressive treatment were hypothesized to introduce heterogeneity into
this review. In particular, the effect of tocilizumab on follow up PET was of interest, as use of
this medication results in rapid normalization of systemic inflammatory markers. Six studies, 4
retrospective and 2 prospective, described the results of repeat PET in a total 44 GCA patients
starting TCZ. Among retrospective studies, follow up PET scans improved in all 28 cases
described and normalized in all but 1.2838-40 In the first prospectively conducted study, of 2
patients started on tocilizumab, repeat PET/CT at 6 months normalized in 1, and improved but
remained technically active in the other.?” In a larger prospective study, serial PET/CT scans
were conducted regularly every 6 months in patients with GCA or TAK, and clinical disease

activity and PET scans were interpreted blinded to one another. Of 14 GCA patients who

13



entered clinical remission after starting TCZ for active disease, follow up PET/CT scan

normalized in only 3 (21.4%) at 6 months, according to Nuclear Medicine physician’s opinion.?’

Other subgroups: Consensus criteria (CC), PET/CT, Pt Number

Due to variability in the way in which “active vasculitis” on FDG PET was defined, studies
reporting PET activity using the proposed standardized FDG PET/CT interpretation criteria for
large vessel vasculitis, as per a recent international consensus paper® were assessed separately.
Five studies used these criteria, of whom 3 studies used grade 3 vascular uptake to define “active
vasculitis”,*?-%4% and 2 studies®”*? considered either grade 2 or 3 uptake as positive for “active
vasculitis.” Among these studies, PET scans performed between 6.5 to 12 months (3-54 months)
follow up normalized in 6/34 (17.6%),3? 6/13 (46.2%),>7 5/6 (83.3%),3° and 8/8 (100%)* cases
when clinical remission was achieved, respectively. In one study, repeat scans were only

performed in 6 patients with ongoing clinically active disease, and remained positive in all

(100%).42

Twelve of the 18 studies utilized PET/CT hybrid technology, rather than PET alone.?’-2%-32-3537-
394142 Generally, these studies were performed more recently, all between the years of 2011 and
2020. In 7 of the 10 studies with available data, follow up imaging improved in all of the patients
who experienced clinical improvement.?®2%-3337-3941 Normalization of all scans performed in

remission was less common, and occurred in only 3 studies.?8-384!1

Ten studies performed serial PET evaluations in at least 5 patients over time (Pt Number

subgroup.)*27-32:33.37-4042.43 Thege studies described a median of 11 combined clinical and PET

14



imaging assessments over time (range 6-44 assessments per study.) Repeat PET improved in all
patients in 4 of the 7 studies in which these data were available, 37*° but normalization of all

scans in those in remission occurred in only 2 of 10 studies.3®4°

Quantitative analyses (meta-analyses)

The results of sensitivities and specificities of individual studies can be found in Appendix 3.
As few studies reported the results of follow up PET scans in patients with ongoing clinically
active disease, there was insufficient data to calculate both sensitivity and specificity in most
studies. Fewer than 4 studies with both measures were available, therefore we were unable to
use a bivariate model or calculate hierarchical summary receiver operator characteristics
(HSROC) plots to identify optimal cut-points for sensitivity and specificity of PET. In lieu,
pooled sensitivities, using the Freeman-Tukey double arc sine method for pooling proportions

was performed.

Fifteen studies (n=119 follow up scans) contributed data to determine how often repeat PET
improved in treated GCA patients with clinical improvement. The pooled sensitivity of
improved follow up PET for clinical improvement in treated patients was 0.85 (95% CI 0.76-
0.93), with low heterogeneity, ’=0%. Similarly, 15 studies (n=119 follow up scans) contributed
data to determine how often repeat PET improved in treated GCA patients with biochemical
remission. The pooled sensitivity of improved follow up PET for biochemical remission was
0.84, (95% CI 0.74-0.93), with /=0, indicating low heterogeneity. Sixteen studies (n=175
follow up scans) contributed data to determine how often repeat PET normalized in treated GCA

patients in clinical remission. The pooled sensitivity of normalized follow up PET for treated

15



patients in clinical remission was 0.43, (95% CI 0.34-0.53), with 1>=9.2, indicating low

heterogeneity. See Figures 3 a, b, ¢ for forest plots of pooled sensitivities.

When the meta-analysis was limited to the CC subgroup, the pooled sensitivity of normalized
follow up PET for those in clinical remission was not substantially different at 0.41 (95% CI
0.28, 0.55), however heterogeneity was moderate, with an 1°=50.3%. Similarly, the pooled
sensitivity of normalized follow up PET for those in the Pt Number and PET/CT subgroups were
similar to that of the overall group, at 0.41 (95% CI 0.33, 0.51), and 0.43 (95% CI1 0.32, 0.55),
respectively, but heterogeneity was high, with I?=95.3% and 1>=92.5%, respectively. However,
when the analysis was limited to the TCZ subgroup, the pooled sensitivity of PET normalization
for patients in clinical remission improved to 0.80 (95%CI 0.65, 0.93), with an 7°=0%. The

results of the subgroup pooled sensitivities can be found in Figure 4 a, b, c, d.
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Figure 1. Flow diagram of included studies.
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Table 1. Baseline clinical characteristics of included studies.

Author, Country Study # Age | Female | Predni | TCZ Use Other Mos # PET
year (ref design GCA (yrs) (%) sone treatment b/w scans
#) Use PET per
scans, patient,
median | median
, | (range)
(range)
Banerjee, USA Prospective 31 72 74 Yes, 21 | Yes, 17 3 anti- 6 (5- 3 (2-6)
2020 (27) TNF, 13 12)
MTX
Regola, Italy Retrospectiv 24 74 79.2 Yes, all | Yes,all 6 MTX, 12 (12) | NS (1-3)
2020 (39) e (IV, sc) 1 AZA
Conticini, Italy Retrospectiv 8 67.9 62.5 Yes, all | Yes, all 1 MTX 12 (3- 2(2)
2020 (40) e 1 CYC 12)
Vitiello, Italy Retrospectiv 12 68.6 67 Yes, all | Yes, all 7TMTX 11.6 2(2)
2018 (38) e (+/-
8.8)*
deBoysson | France Retrospectiv 25 69 68 Yes, all No No 11 (9- 2 (2-4)
,2017 (32) e 25)
Dellavedo Italy Retrospectiv 15 65.6 80 Yes, all No Some 6.5 (4- 2 (2-3)
va, 2016 e MTX, 54)
(42) AZA,
chloroquin
c,
CsA
Bruls, Belgium | Prospective 3 74 100 Yes, all No MTX, NS (5- 2(2)
2016 (41) AZA 54)
Muto, Japan Retrospectiv 3 81.3 66.7 Yes, all No No 4.6 (+/- 2(2)
2014 (35) e 3.)*
Daumas, France | Retrospectiv 26 66.8 76.9 Yes, all No 3MTX NS (6- 2(2)
2014 (33) e 26)
Ly, 2014 France | Retrospectiv 2 79 100 Yes, all No 2 Anakinra | 17 (11- | 3.5(2-5)
(34) e 1 disulone 30)
Salvarani, Italy Prospective 2 59 0 Yes, all | Yes, all No 6 (6) 2(2)
2012 (29) (Iv)
Beyer, Germany | Retrospectiv 2 75.5 50 Yes, all | Yes, all AZA, 6 (6) 2(2)
2011 (28) e MMF
Henes, Germany | Retrospectiv 6 63.2 NS Yes, all No CYC 6.75(3-| 4(2-5)
2011 (37) e 24)
Blockmans | Belgium | Prospective 35 72.7 71.4 Yes, all No No 3(3- 2 (2-4)
, 2006 (4) 16)
deLeeuw, | Netherla | Retrospectiv 2 72 100 Yes, all No No 10 (2- 2(2)
2004 (36) nds e 24)
Meller, Germany | Prospective 14 62 60 NS NS NS 19 (4- 2(2)
2003 (43) 30)
Brodmann, | Austria | Retrospectiv 7 71.9 85.7 Yes No No 33) 2(2)
2003 (30) e
Belhocine, | Belgium | Retrospectiv 3 62.7 66.7 Yes, all No No 5.5(3- 2(2)
2002 (31) e 6)
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Table 1 Legend: yrs (years), mos (months), sc (subcutaneous), TCZ (tocilizumab), USA (United
States of America), anti-TNF (anti-tumour necrosis factor), MTX (methotrexate), AZA
(azathioprine), NS (not specified), CYC (cyclophosphamide), CsA (cyclospoprine A), MMF
(mycophenolate mofetil). Results represent means unless otherwise specified. * only data for
mean +/- standard deviation available.
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Table 2. Baseline imaging characteristics of included studies.

Author, Type of PET PET PET PET Definition of Method of clinical
year Imaging | interpretation | interpretation | interpretation read “Active disease activity
: Visual : Semi - : Nuclear blinded | Vasculitis “on assessment
Analysis quantitative Medicine PET (gold standard)
analysis physician
opinion (y/n),
# readers
Banerjee, PET/CT | Vessel uptake | PETVAS (0- Yes, 2 Yes Nuclear Physician global (any
2020 relative to 27) Medicine symptoms=active, no
liver (graded physician symptoms=remission
0-3) Not done opinion ), blind to PET
Regola, PET/CT | Vessel uptake | PETVAS (0- Yes, 1 NS Visual vessel Clinician opinion
2020 relative to 27) uptake > liver
liver (graded (grade 3)
0-3) SUVmax
vessel/liver
ratio for each
vessel
Conticini, | PET +/- | Vessel uptake | SUVmax Yes, NS NS Visual vessel Clinician opinion
2020 CTA relative to vessels uptake > liver
liver (graded (grade 3)
0-3)
Vitiello, PET/CT | Not done SUV max and | Yes, 1 NS Nuclear Clinician opinion
2018 mean of Medicine
vessels physician
opinion
deBoysson | PET/CT | Vessel uptake | Not done Yes, 1 No Visual vessel Clinician opinion,
,2017 relative to uptake > liver | blind to PET
liver (graded (grade 3)
0-3)
Dellavedo | PET/CT | Vessel uptake | SUVmax Yes, 2 Yes Visual vessel | Clinician opinion,
va, 2016 relative to vessel/liver uptake > liver | blind to PET
liver (graded ratio (grade 2 or 3)
0-3)
Bruls, PET/CT | Vessel uptake | Not done Yes, NS NS Any increased | Clinician opinion
2016 relative to focal vessel
background* uptake
compared with
the
background
Muto, PET/CT | Vesseluptake | TVS basedon | Yes, 4 Yes Visual vessel Clinician opinion,
2014 graded as summed uptake > grade | blind to PET
O=none, visual score of 1
1=minimal 7 vessels (0-
uptake, 2= 21)
clearly
increased SUVmax
uptake 3= vessels
marked uptake
Daumas, PET/CT | Not done Not done Yes, 1 NS NS Clinician opinion
2014
Ly, 2014 PET/CT | Not done Not done Yes No Nuclear Symptoms,
Medicine inflammatory
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physician

markers, biopsy in 1

opinion patient
Salvarani, PET/CT | Vesseluptake | SUVmax Yes, NS NS 2 or more Kerr index
2012 relative to vessel/liver vessels with >
liver (graded grade 2 FDG
0-3) uptake
Beyer, PET/CT | Not done Not done Yes, NS NS NS Clinician opinion
2011
Henes, PET/CT | Vessel uptake | Not done Yes, NS NS Visual vessel | BVAS
2011 relative to uptake > liver
liver (graded (grade >2) ESR, CRP
0-3)
Blockmans | PET Vessel uptake | TVS based on | Yes, 2 Yes Visual vessel | Clinician opinion,
, 2006 (O=negative, summed uptake > 1 blind to PET
I=minimal visual score of
vessel uptake, | 7 vessels (0-
2=clearly 21)
increased
vessel uptake,
3=very
marked vessel
uptake)
deLeeuw, | PET Vessel uptake | Not done Yes, 1 Yes Visual vessel Clinical symptoms,
2004 grade relative uptake > 1 blind to PET
to pulmonary
background
(O=less than
pulmonary
background,
1=similar to
pulmonary
background,
2=greater than
pulmonary
background,
3=uptake
clearly greater
than
pulmonary
background)
Meller, PET Vessel uptake | Not done Yes, 2 Yes hPET: > Clinical/lab
2003 relative to grade 1 in improvement, blind
liver (graded aorta, or > to PET
0-3) grade 2 in
branch
vessels; dPET:
> grade 2 in
aorta, > or
grade 3 in
branch vessels
Brodmann, | PET Not done Not done Yes, NS NS Nuclear Clinician opinion
2003 Medicine
physician
opinion

21




Belhocine, | PET Not done Not done Yes, NS NS Nuclear Clinician opinion
2002 Medicine

physician

opinion

Legend: * background not specified. Vessel uptake relative to liver grading scheme 0=no uptake,
1< liver, 2=liver, 3>liver. Clinician opinion refers to assessment of patients’ symptoms and
inflammatory markers, unless otherwise specified. SUV (standardized uptake value), PETVAS
(validated summed visual score)!!, NS (not specified), TVS (total vascular score, summed visual
score), BVAS (Birmingham Vasculitis Activity Score), hPET (hybrid PET), dPET (dedicated

PET).

22




Figure 2. Summary of QUADAS-2 results, A) assessment of risk of bias in 18
included studies, and B) assessment of applicability concerns in 18 included
studies.
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Table 3. Summary of main findings of repeat PET scans in GCA patients

receiving treatment.

Author Treatment Results of F/U PET scans in Results of F/U PET scans Results of F/U PET
(# pts) patients with clinical in patients with scans in patients with
improvement/clinical remission biochemical (ESR,CRP) clinically active
improvement disease
Banerjee, 2020 | Pred (21) Only sufficient data available to -Of 17 GCA patients starting | Unable to determine
TCZ (17) determine PET outcome in those TCZ, ESR/CRP improved in
MTX (13) treated with TCZ all 17
Anti-TNF
3) -Of 17 GCA patients starting TCZ, -in 14/17 (82.4) F/U
14 (82.4%) clinically improved. PET/CT improved
-in 3/14 (21.4%) F/U PET/CT
normalized
Regola, 2020 Pred (24) Only sufficient data to determine -at 12 mos, ESR and CRP No F/U scans during
TCZ (24) PET outcomes in 6 of 24 GCA improved in all 6 (100%) active disease reported
patients with LVV who started TCZ
and were followed to 12 months with | -in 6/6 (100%) F/U PET/CT
repeat PET/CT at 12 mos improved
-at 12 mos, all 6 (100%) were in
clinical remission
-in 6/6 (100%) F/U PET/CT at 12
mos improved
-in 5/6 (83.3) F/U PET/CT at 12 mos
normalized
Conticini, 2020 | Pred (8) Of 8 GCA with LVV on baseline Of 8 GCA treated patients, No F/U scans during
TCZ (8) PET, all were treated with pred & ESR/CRP improved in 8 active disease reported
MTX (1) TCZ, and all 8 (100%) entered (100%).
CYC (1) clinical remission.
-in 8/8 (100%) F/U PET/CT
-in 8/8 (100%) cases, F/U PET/CT between 3-12 mos improved
between 3-12 mos improved
-in 8/8 (100%) cases, F/U PET/CT
between 3-12 mos normalized
Vitiello, 2018 Pred (12) Of 12 GCA patients starting pred & Of 12 GCA treated patients, | No F/U scans during
TCZ (12) TCZ, 12 (100%) entered clinical ESR/CRP improved in all 12 | active disease reported
MTX (7) remission. (100%).
-in 12/12 (100%) cases, F/U PET/CT | -in 12/12 (100%) F/U
at mean 11.6 mos improved PET/CT at mean 11.6 mos
improved
-in 12/12 (100%) cases, F/U PET/CT
at mean 11.6 mos normalized
deBoysson, Pred (34) Of 25 GCA patients starting pred, 25 | Among treated patients who | No F/U scans during
2017 had 2nd scan at median 11 mos, 7 had repeat PET/CT scans, active disease reported
had 3rd scan an additional 6 mos ESR/CRP were improved in
later, and 2 pts had 4th scan at all cases (100%)

additional 11 more months (total= 34
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F/U scans performed.) All patients
were in clinically remission at time of
F/U scans (100%.)

-17/34 (50%) F/U PET/CT scans
done during clinical remission
improved.

-6/34 (17.6%) F/U PET/CT scans
done during clinical remission
normalized

-17/34 (50%) F/U PET/CT
scans improved

Dellavedova,20 | Pred (15) No F/U scans done in patients with No F/U scans done in Among 15 GCA, 6 had
16 MTX (3) clinical improvement. patients with biochemical 8 repeat PET/CT
AZA (NS) improvement. performed between 4-
Chlqgn (NS) 12 mos F/U while
CsA (NS) disease was clinically
active despite treatment
-F/U PET remained
active in 8/8 follow up
scans (100%)
Bruls, 2016 Pred (3) Of 3 GCA patients starting pred, 3 Not enough information to No F/U scans during
MTX (NS) (100%) clinically improved. answer active disease reported
-in 3/3 (100%) cases, F/U PET/CT
improved*
-in 3/3 (100%) cases, F/U PET/CT
normalized*
Muto, 2014 Pred (3) Of 3 GCA patients starting pred, 3 Of 3 GCA patients treated, No F/U scans during
(100%) clinically improved. ESR/CRP were improved in | active disease reported
all 3 (100%)
-in 3/3 (100%) cases F/U PET/CT at
mean 4.6 mos improved -in 3/3 (100%), F/U PET/CT
at mean 4.6 mos improved
-in 0/3 (0%) cases F/U PET/CT at
mean 4.6 mos normalized
Daumas, 2014 Pred (26) Of 26 GCA patients, 5 had repeat Not enough information to No F/U scans during
MTX (3) PET/CT at 6 mos and again 12 mos answer active disease reported
F/U (total=10 follow up scans
performed). All patients were in
clinical remission at time of F/U
scan.
-at 6 mos F/U: 1/5 (20%) PET/CT
scans normalized
-at 12 mos F/U: 3/5 (60%) PET/CT
scans normalized.
Ly, 2014 Pred (2) 2 GCA patients had 5 F/U PET/CT Only 1 patient had repeat Among 2 GCA, 1 had
Anakinra (2) | scans (at 11, 14, 16, 22, 28 mos) after | inflammatory markers repeat PET/CT while
Disulone (1) | starting treatment. reported at time of F/U disease was clinically

-in 4/5 cases, patients were in clinical
remission at time of F/U PET/CT

PET/CT. ESR/CRP
improved in 1/1 (100%.)

active.
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-in 2/4 (50%) cases in clinical
remission, PET/CT improved/
normalized.

-in 1/1 (100%) F/U PET/CT
improved

F/U PET/CT scan did
not improve in the
patient with
persistently clinically
active disease.

Salvarani, 2012 | Pred (2) Of 2 GCA patients starting treatment, | Inflammatory markers No F/U scans during
TCZ (2) 2 (100%) clinically improved. improved over time in 2/2 active disease reported
(100%.)
-in 2/2 (100%) cases, F/U PET/CT at
6 mos improved. -in 2/2 (100%) F/U PET/CT
at 6 mos improved
-in 1/2 (50%) cases, F/U PET/CT at 6
mos normalized.
Beyer, 2011 Pred (2) Of 2 GCA patients starting treatment, | Inflammatory markers No F/U scans during
TCZ (2) 2 (100%) clinically improved. improved over time in 2/2 active disease reported
(100%.)
-in 2/2 (100%), F/U PET/CT at 6 mos
improved -in 2/2 (100%) F/U PET/CT
at 6 mos improved
-in 2/2 (100%), F/U PET/CT at 6 mos
normalized.
Henes, 2011 Pred (6) 6 GCA patients had 15 F/U PET/CT | Inflammatory markers were | 2/15 (13.3%) F/U
CYC (6) scans, done 3-24 mos after starting improved at time of 13/15 PET/CT scans were
pred & CYC treatment for severe (87%) repeat PETs. done when patients had
disease. At time of 13/15 F/U scans, clinically active disease
patients were in clinical remission. -F/U PET/CT scan improved
in 9/13 (69.2%) cases when | -F/U PET/CT did not
-in 13/13 (100%) cases, F/U PET/CT | inflammatory markers show improvement in
scan improved in clinical remission improved. 2/2 (100%) patients
with active clinical
- in 6/13 (46.2%) cases, scans disease
normalized in clinical remission
Blockmans, Pred (35) 29/35 GCA pts had baseline + Not enough information to Among 14 scans done
2006 PET/CT scan. These 29 patients answer during clinical relapse:
underwent 30 follow up PET/CT
scans after starting treatment and -F/U PET was still
while in clinical remission (22 at 3 abnormal in 11/14
mos fu, 8 at 6 mos F/U) (78.6%)
-Follow up PET scans normalized in -F/U PET was normal
10/30 (33.3%) scans done during in 3/14 (21.4%)
clinical remission
deLeeuw, 2004 | Pred (2) Of 2 GCA patients starting treatment, | Inflammatory markers No F/U scans during

2 (100%) clinically improved. F/U
PET/CT performed between 2-24
mos.

-in 2/2 (100%) cases, F/U PET/CT
improved.

-in 0/2 (0%) cases, F/U PET/CT
normalized.

improved over time in 1 of 2
patients (50%).

-F/U PET/CT scan improved
in 1/1 (100%) patients with
improved inflammatory
markers

active disease reported
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Meller, 2003 Not Of 14 GCA patients, 6 patients Of 6 GCA patients, No F/U scans during
specified underwent 6 F/U PET scans while in | inflammatory markers active disease reported
(14) clinical remission at median 19 mos. | improved over time in all 6
(100%).
- in 4/6 (66.7%), F/U PET scan
improved - in 4/6 (66.7%), F/U PET
- in 0/6 (0%), F/U PET scan improved
normalized
Brodmann, Pred (7) Of 7 GCA pts, 2 had F/U PET at 3 Of 2 GCA patients, No F/U scans during
2003 mos after starting pred, and while in ESR/CRP improved in both | active disease reported
clinical remission. (100%)
-in 2/2 (100%) F/U PET/CT at 3 mos | -in 2/2 (100%), F/U PET/CT
improved improved
Belhocine, 2002 | Pred (3) Of 3 GCA patients starting pred, 3 Of 3 GCA patients, No F/U scans during

(100%) clinically improved. F/U
PET/CT was done between 3-6 mos.

-in 3/3 (100%) F/U PET/CT
improved

-in 3/3 (100%) F/U PET/CT
normalized

ESR/CRP were improved in
both (100%)

-in 3/3 (100%), F/U PET/CT
improved

active disease reported

Abbreviations: F/U (follow-up), pred (prednisone), TCZ (tocilizumab), anti-TNF (anti-tumour
necrosis factor), MTX (methotrexate), AZA (azathioprine), CYC (cyclophosphamide), CsA
(cyclosporine A), Chlgn (chloroquine), mos (months). *timing of follow up PET scan not

specified
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Figure 3. Pooled sensitivities of follow up PET in treated GCA patients, A) pooled
sensitivity of improved FDG PET for clinical improvement in treated GCA
patients, I’=0, B) Pooled sensitivity of improved FDG PET for biochemical
improvement in treated GCA patients, 1>=0, C) Pooled sensitivity of normalized
FDG PET for clinical remission in treated GCA patients, 1’=9.2%.

A.

Study

Beyer (2011)
Salvarani (2012)
Henes (2011)
Vitiello (2018)
Muto (2014)
Belhocine (2002)
deBoysson (2017)
Daumas (2014)
deLeeuw (2004)
Meller (2003)
Conticini (2020)
Brodmann (2003)
Regola (2020)

Ly (2014)

Bruls (20186)

+ 1.00 (0.34, 1.00)

+ 1.00 (0.34, 1.00)

—————+11.00 (0.77, 1.00)

—————%/1.00 (0.76, 1.00)

#+ 1.00 (0.44, 1.00)

# 1.00 (0.44, 1.00)
0.50 (0.34, 0.66)
0.40 (0.17, 0.69)

il

1
1
1
T
1
1
1
1
1
1
1
1
1
L ]
1

+ 1.00 (0.34, 1.00)
0.67 (0.30, 0.90)

—————%11.00(0.68, 1.00)

+ 1.00 (0.34, 1.00)

+ 1.00 (0.61, 1.00)
0.50 (0.15, 0.85)

<

+ 1.00 (0.44, 1.00)
0.85 (0.76, 0.93)

%
Weight

213
213
11.49
10.64
2.98
2.98
29.36
8.94
213
553
7.23
213
5.53
3.83
298
100.00

29

1.5



%

Study Weight
Bannerjee (2020) L 0.82 (059,0.94) 1464
Beyer (2011) : # 1.00(0.34,1.00)  2.09
Salvarani (2012) } #100(0.34,1.00)  2.09
Henes (2011) L : 0.6 (0.42,0.87)  11.30
Vitiello (2018) —————$1.00(076,1.00) 1046
Muto (2014) : #1.00(0.44,1.00) 293
Belhocine (2002) 3 #1.00(0.44,1.00) 293
deBoysson (2017) _——— 3 0.50 (0.34, 0.66)  28.87
deLeeuw (2004) : ®100(021,1.00) 126
Meller (2003) + : 0.67 (0.30,0.90)  5.44
Conticini (2020) — . $100(068,100) 7.1
Dellavedova (2016) # 3 0.00 (0.00, 0.66)  2.09
Brodmann (2003) :  1.00(0.34,1.00)  2.09
Regola (2020) : #1.00(0.61,1.00) 544
Ly (2014) ‘ $100(021,100) 126
<> 0.84(0.74,093)  100.00
\
1
| T T ‘ T |
0 5 1 15

30



%

Study Weight
1
Banerjee (2020) : 0.21(0.08,048)  9.06
1
Beyer (2011) . + 1.00(0.34,1.00) 156
Salvarani (2012) — 0.50 (0.09,0.91)  1.56
1
Blockmans (2006) —_— 0.33(0.19,0.51)  19.06
Henes (2011) —~ 0.46(0.23,0.71) 8.4
Vitiello (2018) ! —————5/1.00(0.76,1.00)  7.81
1
Muto (2014) . : 0.00 (0.00,0.56) ~ 2.19
Belhocine (2002) : ¢ 1.00 (0.44,1.00) 219
deBoysson (2017) ~ ——4——— ! 0.18(0.08,0.34)  21.56
Daumas (2014) .- 0.40(0.17,0.69)  6.56
deLesuw (2004)  # : 0.00 (0.00,0.66)  1.56
Meller 2003) 0.00(0.00,0.39)  4.06
Conticini (2020) : — %/1.00(068,1.00) 531
Regola (2020) ; -~ 0.83(0.44,0.97)  4.06
Ly (2014) — 0.50 (0.15,0.85)  2.81
Bruls (2016) ! # 1.00 (0.44,1.00) 219
< 0.43(0.34,053)  100.00
| T T | T
0 5 1 15

31



Figure 4. Pooled sensitivities of subgroup analyses, A) normalized PET for
clinical remission in Consensus Criteria subgroup, I’= 50.3%, B) normalized PET
for clinical remission in TCZ subgroup, 1>=0%, C) normalized PET for clinical
remission in Pt Number subgroup, 1>=95.3%, D) normalized PET for clinical
remission in PET/CT subgroup, 1’=92.5%.

A.

Study Sensitivity Weight
1
1
i

deBoyssen (2017) —_— ' 0.18 (0.08, 0.34) 54.76
1
1
1
1

Conticini (2020) ! # 1.00 (068, 1.00) 13.49
1
1
1

Regola (2020} : -+ 0.83 (0.44, 0.97) 10.32
i
1
1
1

Henes (2011) L—e- 0.46 (0.23, 0.71) 21.43
1
1

@ 0.41(0.28, 0.55) 100.00

32



%

Study Sensitivity Weight
'
Banerjee (2020) : 0.21 (0.08, 0.48) 30.85
I
‘
Beyer (2011} ! # 1.00 (0.34, 1.00) 532
|
1
Salvarani (2012) + ' 0.50 (0.09, 0.91) 532
1
1
Vitiello (2018) ———5371.00(0.76, 1.00) 26.60
1
'
Conticini (2020) : + 1.00 (0.68, 1.00) 18.09
|
!
Regola (2020) A - 0.83 (0.44, 0.97) 13.83
1
@ 0.80 (0.65, 0.93) 100.00
1
1
1
1
'
T ! | T
i 1 15

33



%

Study ES (95% CI) Weight

'

Banerjee (2020) : 0.21 (0.08, 0.48) 10.55
|

Blockmans (2006) _—— 0.33 (0.19, 0.51) 2218
|

Henes (2011) —e 0.46 (0.23, 0.71) 982
1
1

Vitiello (2018) ! — % 100(0.76, 1.00) 9.09
1

deBoysson (2017) —F 0.18 (0.08, 0.34) 2509
1
1

Daumas (2014) - 0.40 (0.17, 0.69) 764
|

Meller (2003) * ! 0.00 (0.00, 0.39) 473
1
1

Conticini (2020) ! # 1.00 (0.68, 1.00) 6.18
1
1

Regola (2020) | * 0.83 (0.4, 0.97) 473
1

<> 0.41 (0.33, 0.51) 100.00
1
1
1
|
L
M T T T T
0 5 1 15

34



%

Study ES (95% CI) Weight
1
1
Banerjee (2020) * . 0.21 (0.08, 0.48) 13.36
1
1
Beyer (2011) ; # 1.00 (0.34, 1.00) 2.30
1
Salvarani (2012) L« 0.50 (0.09, 0.91) 2.30
1
Henes (2011) — 0.46 (0.23, 0.71) 12.44
1
1
Vitiello (2018) ! — %7100 (0.76, 1.00) 11.52
I
Muto (2014) : 0.00 (0.00, 0.56) 3.23
1
deBoysson (2017) — : 0.18 (0.08, 0.34) 31.80
I
1
Daumas (2014) - 0.40 (0.17, 0.69) 9.68
1
Regola (2020) ! + 0.83 (0.44, 0.97) 5.99
1
Ly (2014) — 0.50 (0.15, 0.85) 4.15
1
1
Bruls (2016) ! # 1.00 (0.44, 1.00) 3.23
<> 0.43 (0.32, 0.55) 100.00
1
1
|
f — T T
5 1 1.5

35



Chapter 4: Discussion
Our systematic review found that follow up vascular FDG uptake on PET improves in most
(85%) GCA patients over time who clinically improve on immunosuppressive treatment but
normalizes in only 43% of those achieving clinical remission. For clinicians, these findings
underscore the importance of always interpreting follow up PET scans in the context of the
clinical activity of the patient and also in the context of prior PET imaging. Knowing that
vascular FDG uptake does not remit entirely in a substantial proportion of patients in clinical
remission emphasizes that persistent uptake in a patient should not be assumed to be a sign of
treatment failure. Rather, in these patients, the finding of new vascular FDG uptake (in a
previously unaffected territory), is a clear sign of disease progression that should warrant
consideration of treatment. These data suggest that follow up PET(CT) may be used as an
adjunct to help assess a patient’s disease activity over time, when used in combination with
clinical symptoms, signs, and inflammatory markers and that PET(CT) can be used , as part of
the shared decision-making process with GCA patients. Given that FDG uptake usually improves
but often does not resolve, if using PET for follow up, it may be prudent to plan a repeat a one-
time scan at the time of clinical remission (for example around 6 month mark of treatment) to
document the patients’ “best” radiographic response. This may facilitate recognition of a
worsened scan in case of future flare, and allow identification of those patients who have

achieved a radiographic (as well as clinical) remission.
Our findings are in keeping with those of a recent systematic review and meta-analysis by van

der Geest et al, in which improvement in the majority of FDG PET/CT scans repeated over time

in patients with all types of large vessel vasculitis was also observed. In their analysis, FDG
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PET-CT was found to have a moderate sensitivity (77%) and specificity (71%) for detecting
relapsing/refractory LVV over time. In contrast to their study, in which high heterogeneity
precluded an assessment of how often PET normalized with treatment over time, we broadly
included all studies with longitudinal assessment of PET in GCA patients over time, and
identified additional studies that could contribute data to answer this question. We found that
normalization of follow FDG PET scans was documented in just under half of GCA patients who
entered remission over time, with low heterogeneity. Of course, due to the small total number of
included patients/scans in our analysis, it is important to recognize that this pooled sensitivity
truly only summarizes the observed values of studies that were included/have been published

thus far.

Whether persistent vascular FDG uptake in GCA patients otherwise in clinical remission occurs
due to a separate process such as atherosclerosis, or due to natural remodelling of a previously
damaged vessel wall, or represents ongoing subclinical vasculitis remains to be determined. In
support of the first possibility, it is now well-documented that there is a substantial inflammatory
component to atherosclerosis, and that vulnerable plaques, in particular, can actively take up
FDG.** As GCA patients are by definition elderly, concomitant atherosclerosis is a possibility,
however, the radiographic features of FDG uptake in atherosclerosis are typically distinct from
those of vasculitis (focal and patchy).® Similar to our results, previous work in Takayasu’s
arteritis, a closely-related large vessel vasculitis, found that vessel wall edema on magnetic
resonance angiogram (initially thought to represent active vascular inflammation) was identified
in >50% of patients in clinical remission. The presence of vessel wall edema did not correlate

well with the development of new vascular lesions over time, suggesting that this imaging
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abnormality may represent vascular remodelling rather than active inflammation in at least some
patients.> With respect to FDG imaging, specifically, it has been previously established that a
number of cells types, in addition to acute inflammatory cells, such as fibroblasts and endothelial
cells, also rely on glucose for metabolism, and that increased cellular consumption of glucose
may be induced by states of hypoxia, as well as by pro-inflammatory cytokines.*®#7 It follows
that persistent vascular FDG uptake seen in GCA patients could equally likely occur as a result

of vessel wall healing, as by active vasculitis.

There is also accumulating data to support the concept that subclinical vasculitis persists in a
proportion of patients with GCA. In one study by Unizony et al, for example, autopsy data from
a GCA patient on TCZ confirmed widespread histopathological evidence of active vasculitis in
multiple medium to large arteries despite the perception of clinical and biochemical remission.*3
Additionally, a retrospective review of aortic surgical biopsies from the Cleveland Clinic found
that only 10 of 42 (24%) GCA patients with proof of active aortitis on histopathology had any
symptoms of active vasculitis at the time of surgery.*’ In a recent study by Grayson et al, an
increased risk of subsequent clinical relapse (55% vs 11%, p=0.03) was detected among large
vessel vasculitis patients whose PET/CT remained “active” despite clinical remission, suggesting
that ongoing vascular uptake may indeed reflect smoldering disease.!! Interestingly, the overall
frequency of “normalized” PET observed in our study (43%) correlates very well with the
frequency of long term clinical remission previously published from a large prospectively
conducted trial in GCA. In this study, subsequent analysis found that 42% of GCA patients
previously treated with tocilizumab and prednisone remained in long-term remission for 2 years

after stopping immunosuppression, while the other 58% relapsed over time.>° It is possible that
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normalization of FDG PET may identify a subset of GCA patients that have achieved a “deep
remission” and be less likely to relapse in time. Further studies directly assessing the
relationship between persistent FDG uptake during clinical disease remission and risk of future

relapse are needed.

Several sources of heterogeneity were identified across the included studies. We hypothesized
that one important source of heterogeneity was the use of varied criteria (physician opinion,
visual scores, or semi-quantitative scores) to define an active versus normal PET scan for large
vessel vasculitis. To further assess this, we performed a subgroup analysis of the studies that
used visual grade 2 or 3 vascular uptake (in comparison to the liver) to define active large vessel
uptake, in accordance with a prior study® and the joint procedural recommendations of the
European Association of Nuclear Medicine, Society of Nuclear Medicine and Molecular
Imaging, PET-interest group, and endorsed by ASNC.® When looking at the 4 studies that used
this standardized definition, and could contribute data for calculating the pooled sensitivity of
normalized PET scan among treated patients in clinical remission, the results were not
substantially different (41%) from that observed for all studies, however, heterogeneity was
moderate at 50.3%, suggesting this result may be unreliable. It is possible that the heterogeneity
and overall lack of difference observed is due to the overall small number of patients and follow
up scans (63 total) in this subgroup. Additionally. as most studies relied on the Nuclear
Medicine physician’s opinion to determine PET activity, it is also possible that no difference was
observed as most reading physicians were using a similar visual uptake score to gauge vascular

activity, even if not explicitly stated.
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Additional sources of heterogeneity are possible. We included studies that took place over 2
decades (2002-2020) and during this time, substantial advances in the quality and performance of
PET imaging occurred. In particular, in 6 of the 18 studies, PET imaging was performed without
the use of concomitant CT and therefore localization and image quality may have been reduced
in these papers. When we examined only those studies who utilized PET/CT hybrid imaging,
however, the pooled sensitivity for PET normalization in those in clinical remission was the
same (43%) as the overall group, however, heterogeneity was high (92.5%) making this result
unreliable. Similarly, in order to maximize yield, we opted to include all identified manuscripts
describing the results of serial PET in GCA patients over time, however, a number of these
papers had very small numbers of patients, possibly increasingly the likelihood of bias. When
we limited our analysis to only those studies that described the outcomes of at least 5 patients
serially over time, we again found that the result was the same (pooled sensitivity of 41% for

PET normalization), but with high heterogeneity (95.3%.)

Another possible source of heterogeneity within our data was the type of immunosuppressive
treatment received by GCA patients over time. Given the possible inhibitory effects of
glucocorticoids on glucose transport receptors, there was concern that prednisone use may result
in false normalization of large vessel FDG uptake, however, in this study focusing on long-term
follow up (>= 3 months) we did not observe this. Prednisone was given to nearly all patients
included in this study, and although large vessel uptake improved in the majority (85%) of those
in clinical remission, it normalized in only 43%. On the other hand, tocilizumab is an IL-6
inhibitor that is increasingly frequently used in GCA patients, with either new or relapsing

disease.’! When our analysis was limited to the TCZ-treated subgroup, interestingly, PET
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response over time was improved, with an estimated 80% of repeat scans normalizing in patients
in clinical remission on this therapy. This finding correlates with the reduced risk of clinical
flares observed in GCA patients treated with TCZ,® and may indicate that TCZ is more effective
than prednisone at controlling inflammation at the vascular level. It is important to note,
however, that studies in the TCZ subgroup were generally small in number, and blinding of PET
interpretation was not always specified. In the single study in which it was specified that both
PET and clinical disease activity were interpretated blinded to one another, follow up PET/CT
scans normalized in only 21.4% of GCA patients.?’” Additional prospective studies assessing the

radiographic response in GCA patients treated specifically with tocilizumab are needed.

Our study has several limitations. Overall, there was a small number of patients and follow up
PET scans. In the included studies, repeat scans were predominantly done in patients who
clinically improved, with few scans reported in those with ongoing disease activity, which
rendered us unable to calculate a specificity in most studies. For our meta-analysis, we pooled
the sensitivities across studies, however this assumed that specificities were likely similar across
studies, which may not be the case. Several possible sources of heterogeneity between studies
were observed, including differences in the acquisition and interpretation of PET scans, duration
of time between follow up scans, and differences in immunosuppressive treatment. Because
most studies were conducted retrospectively, it was unclear in many whether PET results and
clinical assessments were interpreted blinded to one another, introducing another potential source

of bias.
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Study strengths include the use of broad search criteria which yielded a very high number of
studies for screening, and the inclusion of only studies in which a positive baseline PET scan was
documented, and with longitudinal data available, in order to address the question of how often
PET improves or normalizes over time. Another study strength is the focus on a single
population (GCA) rather than including all patients with large vessel vasculitis, as some
confounders (ie: atherosclerosis) may be more likely to affect FDG uptake in the elderly
population. We also performed several subgroup analyses, in particular to specifically address
the sensitivity of PET when interpreted according to consensus recommendations, and in patients

treated specifically with tocilizumab.

Future research should focus on the performance of prospectively-conducted FDG PET/CT scans
in a larger number of GCA patients to confirm these results. In particular, a future study where
serial scans are performed longitudinally starting in newly-diagnosed treatment-naive GCA
patients randomized to different therapeutic strategies (prednisone monotherapy, tocilizumab,
methotrexate, vs newly-emerging therapies) and interpreted blinded to clinical assessment of
disease activity would be of great interest. Follow up scans repeated every 6 months over longer
periods of time (>24+ months) would help inform whether ongoing improvement in vascular
FDG uptake occurs over time in patients in persistent remission, and to confirm whether those

patients who achieve radiographic remission will be less likely to clinically relapse in time.
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Chapter 5: Conclusions

In conclusion, vascular FDG uptake improves over time along with clinical improvement in the
majority (85%) of treated GCA patients, and normalization of uptake occurs in fewer than half of
patients (43%). Limited data suggests normalization of PET uptake may occur more often (80%
of time) in GCA patients receiving TCZ. FDG PET may provide useful information to aid in the
assessment of disease activity and help guide clinical decision-making, but it is imperative that
results are always interpreted in comparison to prior/baseline imaging and in the clinical context

of the patient.
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APPENDICES

Appendix 1. Full search strategy.

Database

Search Strategy

MEDLINE

Ovid
MEDLINE(R)
ALL 1946 to

November 03,
2020

1. (positron emission tomograph* or PET).mp.

2. exp Positron-Emission Tomography/

3. (PET-CT* or PETCT*).mp.

4. exp Fluorodeoxyglucose F18/

5. (FDG-PET or 18FDG PET).mp.

6. ((18F or 18-F or F18 or F-18 or "18") adj2 FDG).mp.
7. FDG-PET-MR.mp.

8. ((18F or 18-F or F18 or F-18 or "18" or fluorine) ad;j2
fluorodeoxyglucose).mp.

9. ((18F or 18-F or F18 or F-18 or "18" or fluorine) adj2 fluoro-
deoxyglucose).mp.

10. 18-F-fluor-2-deoxy-D-glucose.mp.

11. or/1-10

12. exp Giant Cell Arteritis/

13. giant cell arteriti*.mp.

14. giant cell aortic arteriti*.mp.

15. GCA ti,ab.

16. temporal arteriti*.mp.

17. large vessel vasculiti*.mp.

18. aortitis.mp.

19. Horton* disease.mp.

20. cranial arteriti*.mp.

21. senile arteriti*.mp.

22. granulomatous arteriti*.mp.

23. or/12-22

24. 11 and 23

Embase

Ovid Embase
1974 to 2020
November 03

1. (positron emission tomograph* or PET).mp.

2. exp positron emission tomography/

3. (PET-CT* or PETCT*).mp.

4. exp fluorodeoxyglucose f 18/

5. (FDG-PET or 18FDG PET).mp.

6. ((18F or 18-F or F18 or F-18 or "18") adj2 FDG).mp.
7. FDG-PET-MR.mp.

8. ((18F or 18-F or F18 or F-18 or "18" or fluorine) ad;j2
fluorodeoxyglucose).mp.

9. ((18F or 18-F or F18 or F-18 or "18" or fluorine) adj2 fluoro-
deoxyglucose).mp.

10. 18-F-fluor-2-deoxy-D-glucose.mp.

11. or/1-10

12. exp giant cell arteritis/
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13. giant cell arteriti*.mp.

14. giant cell aortic arteriti®*.mp.
15. GCA. ti,ab.

16. temporal arteriti*.mp.

17. large vessel vasculiti*.mp.
18. aortitis.mp.

19. Horton* disease.mp.

20. cranial arteriti*.mp.

21. senile arteriti*.mp.

22. granulomatous arteriti*.mp.
23. or/12-22

24.11 and 23

CINAHL

S1
S2
S3
S4
S5
S6
S7
S8
S9

S10
S11
S12

S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26

S27

"positron emission tomograph*" or PET

(MH "Tomography, Emission-Computed+")

PET-CT* or PETCT*

(MH "Fludeoxyglucose F 18")

FDG-PET or 18FDG PET

((18F or 18-F or F18 or F-18 or "18") N2 FDQG)

FDG-PET-MR

((18F or 18-F or F18 or F-18 or "18" or fluorine) N2 fluorodeoxyglucose)
((18F or 18-F or F18 or F-18 or "18" or fluorine) N2 fluoro-
deoxyglucose)

18-F-fluor-2-deoxy-D-glucose

18-F-fluor-2-deoxy-D-glucose [SmartText Searching]

S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR
S11

(MH "Giant Cell Arteritis")

"giant cell arteriti*"

TI GCA OR AB GCA

"giant cell aortic arteriti*"

"giant cell aortic arteriti*" [SmartText Searching]

"temporal arteriti*"

"large vessel vasculiti*"

aortitis

"Horton* disease"

"cranial arteriti*"

"senile arteriti*"

"senile arteriti*" [SmartText Searching]

"granulomatous arteriti*"

S13 OR S14 OR S15OR S16 OR S17 OR S18 OR S19 OR S20 OR S21
OR S22 OR S23 OR S24 OR S25

S12 AND S26

Scopus

TITLE-ABS-KEY ( "positron emission tomograph*" OR pet OR pet-
ct* OR petct* OR "FDG-PET-MR" OR (( 18f OR f18 OR "18"
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) W/2 fdg) OR ((18f OR f18 OR "18" OR fluorine

) W/2 fluorodeoxyglucose ) OR (( 18f OR f18 OR "18" OR fluorine
) W/2 fluoro-deoxyglucose ) OR "18 F fluor 2 deoxy D glucose"

) AND TITLE-ABS-KEY ( "giant cell arteriti*" OR "temporal

arteriti*" OR "large vessel vasculiti*" OR aortitis OR "Horton*
disease" OR "cranial arteriti*" OR "senile arteriti*" OR "granulomatous
arteriti*" )

Cochrane | #1 positron emission tomograph* or PET

Library #2  [mh "Positron-Emission Tomography"]

#3  PET-CT* or PETCT*

via Wiley #4  [mh "Fluorodeoxyglucose F18"]

#5 FDG-PET or 18FDG PET

#6 ((18F or 18 For F18 or F 18 or "18") NEAR/2 FDQG)

#7 FDG-PET-MR

#8 ((18For 18 For F18 or F 18 or "18" or fluorine) NEAR/2
fluorodeoxyglucose)

#9 ((18For 18 For F18 or F 18 or "18" or fluorine) NEAR/2 fluoro-
deoxyglucose)

#10 18 F fluor 2 deoxy D glucose

#11 {OR #1-#10}

#12 [mh "Giant Cell Arteritis"]

#13 giant cell arteriti™®

#14 giant cell aortic arteriti™®

#15 GCA:ti,ab

#16 temporal arteriti*

#17 large vessel vasculiti*

#18 aortitis

#19 Horton* disease

#20 cranial arteriti™®

#21 senile arteriti*

#22 granulomatous arteriti*

#23 {OR #12-#22}

#24 #11 AND #23

Google (positron emission tomography OR FDG PET OR Fluorodeoxyglucose F18)
Scholar AND ("giant cell arteritis" OR "large vessel vasculitis" OR "Horton disease" OR
"temporal arteritis")
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Appendix 2. QUADAS-2 results of individual studies.
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Appendix 3. Sensitivity and specificity plots of included studies.

Supplemental Figure 1a: Sensitivity and specificity of improved FDG PET for clinical
improvement in treated GCA patients, per individual studies

Study TP FP FH TH Sensitivity (95% Cl) Specificity (95% ClI)  Sensitivity (95% Cl) Specificity (95% CI)

Belhocine 2002 i 0 0 0 1.00[0.29, 1.00] Mot estimable e

Beyer 2011 2 0 0 0 1.00[0.16, 1.00] Mot estimable - %

Brodmann 2003 2 0 0 0 1.001[0.16, 1.00] Mot estimable ————=

Bruls 2016 i 0 0 0 1.00[0.29, 1.00] Mot estimable e

Conticini 2020 8 0 0o 0 1.00[0.63, 1.00] Mot estimable — &

Daumas 2014 4 0 B 0 04010012, 0.74] Mot estimable —

deBaoysson 2017 17 017 0O 0.60[0.32, 0.68] Mot estimahble ——

delesuw 2004 2 0 0 0 1.00[0.16,1.00] Mot estimahble - =

Dellavedova 2016 0o 0 0 B Mot estimable 1.00[0.54, 1.00] ———=

Henes 2011 13 0 0 2 1.00[0.74, 1.00] 1.00[0.16, 1.00] —4a ———#&

Ly 2014 2.0 2 1 0.501[0.07, 0.93] 1.001[0.03, 1.00] =

Meller 2003 4 0 2 0 067 [0.22, 0.96] Mot estimable e —

Muto 2014 i 0 0 0 1.00[0.29, 1.00] Mot estimable e

Regola 2020 B 0 0 0 1.00[0.54, 1.00] Mot estimable — &

Salvarani 2012 2 0 0 0 1.001[0.16, 1.00] Mot estimable ————=

Yitiello 2018 12 0 0 0 1.00[0.74,1.00] Mot estimable — I_.FI —
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Supplemental Figure 1b: Sensitivity and specificity of improved FDG PET for biochemical
improvement in treated GCA patients, per individual studies.

Study TP FP FH TN Sensitiity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)

Bannerjee 2020 14 0 3 0 0,82 [0.57, 0.96] Mot estimable —

Belhocine 2002 30 00 1.00[0.28,1.00] Mot estimable ——

Beyer 2011 2 0 00 1.00[0.16,1.00] Mot estimable ————#1
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Canticini 2020 a 0 o n 1.00[0.63,1.00] Mot estimable —a

deBoysson 2017 17 017 0 0.80[0.32, 0.68] Mot estimahle ——

deleauw 2004 1 1 0 10 1.00[0.03,1.00] 0.00[0.00,0.97] am

Dellavedova 2016 oo 2z 4 0.00[0.00,0.84] 1.00([040,1.00) —

Henes 2011 9 1 4 1 0.69[0.38, 0.81] 0.50[0.01, 0.949] - =

Ly 2014 1 0 o0 0 1.00[0.03,1.00] Mot estimable l

Meller 2003 4 0 210 0.67[0.22, 0.96] Mot estimable L

huto 2014 i 0 o0 1.001[0.28,1.00] Mot estimable EE—

Regala 2020 B 0 o0 0 1.001[0.54,1.00] Mot estimable — 1

Salvarani 2012 2 0 0 0 1.00[0.16, 1.00] Mot estimahle ———1
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Supplemental Figure 1c: Sensitivity and specificity of normalized FDG PET for clinical
remission in treated GCA patients, per individual studies.
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Supplemental Figure 1d: Sensitivity and specificity of normalized FDG PET for clinical
remission in GCA patients treated with tocilizumab, per individual studies (TCZ subgroup.)

Study TP FP FH TN Sensitiity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
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Supplemental Figure 1e: Sensitivity and specificity of normalized FDG PET according to
international consensus criteria for clinical remission in treated GCA patients, per individual
studies (Consensus criteria subgroup.)

Study TP FP FH TN Sensitaty (95% Cl) Specificity (95% Cl)  Sensitivity (99% Cly Specificity (95% Cl)
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