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ABSTRACT

Objective To examine factors influencing the kinetics of
monosodium urate (MSU) crystal dissolution measured
with dual-energy computed tomography (DECT) during
follow-up of patients with gout.

Methods Patients with a diagnosis of gout with baseline
knees and feet DECT scans exhibiting MSU crystal volumes
>0.1cm® and at least one follow-up DECT were included.
Spearman’s correlation coefficient was used to search for
association between change from baseline MSU crystal
volume at 6, 12, 18 and 24 months and serum urate (SU)
level. Associations between percentage change from the
baseline volume of MSU crystal deposits and explanatory
variables were assessed using linear mixed models.
Results Sixty-two patients (age 67.3+12.8 years; 53
(85%) males) cumulating 104 follow-up DECT scans were
included. Overall, SU target levels (<6.0and <5.0 mg/

dL) were achieved by 48 (77%) and 36 (58%) patients,
respectively. There was a good correlation (r=0.66;
p<0.0001) observed between SU level and percentage
change in MSU crystal volume. The median decrease
from baseline MSU crystal volume was greater in patients
reaching the <5.0 mg/dL SU target than in those reaching
>5.0SU <6.0mg/dL: —85% (95% CI: —94% to —72%)
versus —40% (—57% to —22%; p<0.05) at 12 months.

In multivariable analysis, time (in days) with a multilevel
coefficient of —0.06 (95% Cl: —0.08 to —0.03, p<0.001),
hypertension (coefficient: 41.87, 95%Cl: 16.38 to 67.18,
p<0.01) and SU level <5.0 mg/dL (coefficient: —39.46,
95% Cl: —70.93 to —8.34, p=0.02) were the only variables
significantly associated with MSU crystal volume change.
Conclusion In patients with DECT-measured MSU crystal
deposition, reaching the <5.0 mg/dL SU target provides
more extensive and rapid crystal dissolution than reaching
the <6.0mg/dL SU target.

INTRODUCTION

Gout is caused by the deposition of monoso-
dium urate (MSU) crystals after prolonged
hyperuricaemia.! Gout flares and chronic
arthritis are caused by the immune response
to these MSU crystal deposits. The volume of
MSU crystals deposited is associated with the
risk of subsequent flares.” The aim of gout

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Achieving clinical remission in gout requires mono-
sodium urate (MSU) crystal dissolution. Dual-energy
computed tomography (DECT) is useful to mon-
itor MSU crystal depletion, but previous studies
demonstrated disappointingly incomplete crystal
dissolution even with treat-to-target urate-lowering
therapy (ULT). Factors driving the kinetics of crystal
dissolution are still poorly understood.

WHAT THIS STUDY ADDS

= When considering patients with volumes of MSU
crystals >0.1cm? on DECT scans limiting the weight
of artefacts, near-complete crystal dissolution is
achieved in most patients receiving T2T ULT at 2
years. The main driver of the achievement of crys-
tal dissolution is reaching serum urate (SU) levels
<5.0mg/dL, while levels <6.0 mg/dL are associated
with uneven and incomplete crystal dissolution at 2
years. Hypertension seems to slow down the kinet-
ics of crystal dissolution.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In patients with detectable MSU crystals on DECT,
the SU level target during ULT should be <5.0 mg/dL
to ascertain crystal dissolution. Patients with hyper-
tension exhibit slower crystal dissolution and may
require lower SU targets.

management is to obtain complete dissolu-
tion of MSU crystals using urate-lowering
therapy (ULT) to achieve sustained decrease
of serum urate (SU) level.®*

Dual-energy computed tomography
(DECT) is a useful tool for the discrimi-
nation of urate, bone and soft-tissue, and
provides direct measurement of significant of
MSU crystal deposits.” The technique is fully
recognised in the diagnostic setting67 and the
prognostic value of DECT in predicting the
risk of flares and comorbidity onset is being
actively explored.”®
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The first studies measuring MSU crystal depletion by
DECT in patients taking conventional ULT produced
disappointing results with only very partial crystal deple-
tion at 18 and 24 months and over 50% persistence of
baseline deposits.” ' However, these studies may have
actually involved substantial volumes of artefacts not
expected to disappear as overall volumes were very
small (<0.01cm®) with a difficult-to-measure sensitivity
to change.'” In groups of patients with more significant
deposits at baseline, the change in MSU crystal volume
measured with DECT was more substantial, and reached
around 80% of depletion, on average, in quantitative''
and semiquantitative'” assessments of patients managed
with a treat-to-target ULT approach. The kinetics of MSU
crystal depletion assessed with DECT remain unpredict-
able, do not seem to be entirely dependent on SU levels,
and may involve other biological factors.

The aim of this study was to examine factors influ-
encing the kinetics of MSU crystal dissolution measured
with DECT during follow-up of patients with gout treated
with ULT.

METHODS
Study population
The CRYSTALILLE cohort is an inception cohort that
included patients newly referred with a clinical suspicion
or diagnosis of crystal-induced arthropathy. Patients with
an established diagnosis of gout according to the 2015
American College of Rheumatology/European Alli-
ance of Associations for Rheumatology (ACR/EULAR)
Criteria,6 with baseline knees and feet DECT scans exhib-
iting MSU crystal volume >0.1cm® and with at least
one follow-up DECT were included. Patients could be
receiving ULT at baseline. Patients with baseline MSU
crystal volume <0.1 cm® were excluded from the study.
The study was approved by the French ethical
committee CPP Sud-Est III (EudraCT 2020-A01269-30)
and patients provided informed consent.

Baseline and follow-up visits

Patients were included at a baseline visit and had a struc-
tured clinical assessment with data collection: demo-
graphic data, gout history (date of diagnosis, frequency
of flares, ULT, flare prophylaxis), comorbidities, other
treatments and laboratory data including SU level and
kidney function. A DECT scan of the knees and ankles/
feet was performed for each patient at maximum 2 weeks
after the baseline visit.

Patients were managed using a conventional treat-to-
target ULT strategy with an SU level target set according
to French guidelines: SU below 6.0mg/dL and, at best,
below 5.0mg/dL.”> ULT was initiated or optimised
remotely by the treating physician receiving SU level
measurement reports and adjusting ULT doses accord-
ingly .

Follow-up visits were planned every 6 months and
follow-up scans were performed as decided by the treating

physician or systematically at 6, 12 and 24 months for
patients participating in a follow-up study (DECTUS).

Imaging protocol

DECT scans of the knees and feet were performed using
a single-source CT system (Somatom Definition Edge;
Siemens Healthineers, Erlangen, Germany) with a
previously described protocol.® DECT images were post-
processed and analysed using the ‘gout’ software (syngo.
via VB10B; Siemens Healthineers): volumes of MSU
crystal deposition were noted after careful retrieval of
artefacts including submillimetric lesions. A first reading
had been performed by local musculoskeletal radiolo-
gists, and a second reading was performed by a junior
rheumatologist (VL) specifically trained to DECT read-
ings validated on a random sample of 30 scans by expert
DECT readers (TP and J-FB). All scans were read consec-
utively for each single patient and sizes of the boxes of the
region of interests were adjusted in the post-treatment
software to be consistent with the size of the box of the
baseline scan.

Outcomes

The primary outcome measure was the percentage of the
baseline MSU crystal deposition volume remaining on
follow-up DECT scans at 6, 12, 18 and 24 months.

Secondary outcomes were the number of patients
achieving MSU crystal depletion >50% of baseline crystal
deposition at 6 months, >70% at 12 months, >90% at 18
months and >98% at 24 months. Secondary outcomes
included the number of flares occurring during the
past 6 months prior to follow-up DECT scans in patients
achieving or not these thresholds of change in MSU
crystal deposition volume.

Variables considered to be potentially explanatory
of change in MSU crystal volume were time since the
baseline DECT scans, patient age, estimated glomer-
ular filtration rate (eGFR) < or >60mlL/min/1.73 m2,
chronic heart disease, hypertension, SU level at the time
of the follow-up DECT scan 26.0mg/dL, <6.0mg/dL and
>5.0mg/dL and<5.0mg/dL."”

Statistical analysis
All statistical analysis were performed using R software
V.3.6.1.

Qualitative variables were described as numbers
and percentages, quantitative variables as mean (SD)
or medians (Q1-Q3 IQR). The association between
percentage of change from baseline MSU crystal volume
and, SU level change at the time the follow-up DECT scan
was performed and the number of flares in the 6 months
preceding the follow-up scan, respectively, were assessed
using the non-parametric Spearman correlation coeffi-
cient. Percentage of remaining MSU crystal volume at
each time point was compared between SU-level groups
with the Mann-Whitney-Wilcoxon test, and achievement
of MSU volume decrease targets with Fisher’s exact test.
Linear associations between percentage change from
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baseline MSU crystal deposit volume and candidate
explanatory variables were assessed using linear mixed
models taking time and candidate variables as fixed
effects, and patients as random effects to account for
repeated measures. Candidate explanatory variables with
coefficients associated with a p value <0.2 were included
in a multivariable linear mixed model. Statistical signifi-
cance was set at a p value<0.05.

RESULTS

Study participants

Among the 334 patients with gout who were included
in the CRYSTALILLE cohort between January 2016
and June 2022, there were 62 patients with a minimal
0.1cm® volume of MSU crystal deposition at baseline
who cumulated 104 follow-up knees and feet DECT scans
performed 2 months to 5 years after the baseline scan
(online supplemental figure S1). Patient characteristics
are detailed in table 1.

Time course of SU level and MSU crystal deposition
Overall, SU target levels (<6.0and <5.0mg/dL) were
achieved by 48 (77%) and 36 (58%) patients respectively.

At 6 months, the median change from the baseline
MSU crystal deposit volume was -43% (95% CI: -66%
to -15%) and 11/24 (46%) patients had more than
50% decrease from baseline. At 12 months, the median
change was -74% (95% CI: -90% to —40%) and 16/26
patients had more than 70% decrease from baseline. At
18 months, the median change was -54% (95% CI: -85%
to 7%) and 9/20 (45%) patients had atleast 90% decrease
from baseline. At 24 months, the median change was
-88% (95% CI: -94% to -72%) and 9/27 (33%) patients
had more than 98% decrease from baseline. Changes
in volume and achievement of targets of MSU volume
percentage decrease are reported in figure 1 according
to the achievement of SU-level targets.

The correlation between the change in MSU crystal
volume and the number of flares in the preceding 6
months of the follow-up scan was weak: Spearman’s
correlation coefficient=0.32 (p<0.05).

Factors associated with the kinetics of MSU crystal
dissolution

There was a good correlation between change in SU level
and percentage change in MSU crystal volume: Spear-
man’s correlation coefficient=0.66 (p<0.0001).

In bivariable analysis of preselected candidate explana-
tory variables of the percentage of change from the base-
line MSU crystal volume, those with multilevel coefficients
with p values <0.2 were age (-0.70, 95% CI: -1.73 to 0.32,
p=0.19), hypertension (22.59, 95% CI: -5.65 to 50.97,
p=0.13), chronic heart disease (-20.48, 95% CI: -45.54 to
4.4, p=0.12) and SU level <5.0mg/dL (-40.32, 95% CI:
-73.95 to -6.5, p=0.03). eGFR >60mL/min/1.73m*
(13.43, 95% CI: -15.04 to 41.87, p=0.36) and SU level
<6.0mg/dL and >5.0mg/dL (-6.40, 95% CI: —44.93 to

Table 1 Characteristics of the study population

Total population

Characteristics (n=62)

Demographics

Age (years) (mean (SD)) 67.3 (12.8)

Male (n (%)) 53 (85.5)

Body mass index (kg/m?) (median (IQR)) 27.1 (26.1 to
30.9)

Daily alcohol >30g (n (%)) 9(15.8)

Excessive sugar-sweetened beverage 1(1.6)

intake (n (%))

Purine-rich diet (n (%)) 10 (17.9)

Gout characteristics

Symptom duration (years) (median (IQR)) 10 (3-16)

Subcutaneous tophi (n (%)) 26 (41.9)

Number of flares in past 6 months 2 (1-3)

(median (IQR))

Urate-lowering therapy naive (n (%)) 41 (66.1)

Comorbidities

History of urolithiasis (n (%)) 12 (19.7)
Hypertension (n (%)) 45 (72.6)
Chronic heart failure (n (%)) 18 (29.0)
History of myocardial infarction (n (%)) 11 (17.7)
Coronary heart disease (n (%)) 13 (21.0)
Cardiovascular disease 26 (41.9)
History of stroke (n (%)) 2 3.2
Dyslipidaemia (n (%)) 29 (46.8)
Diabetes mellitus (n (%)) 18 (29.0)
Obstructive sleep apnoea (n (%)) 7 (11.3)
Treatments

Diuretics (n (%)) 19 (30.6)
Lipid-lowering drugs (n (%)) 30 (48.4)
Antihypertensive drugs (n (%)) 44 (71.0)
Antiplatelet/anticoagulants 30 (48.4)
Laboratory findings

Serum urate level (mg/dL) (median (IQR)) 8.4 (6.6-9.9)
Estimated glomerular filtration rate 14 (24.6)
<60mL/min/1.73m? (n (%))

Dual-energy CT volumes of MSU crystal

deposits

Feet (cm®) (median (IQR)) 0.5 (0.2-1.9)
Knees (cm®) (median (IQR)) 0.4 (0.1-1.2)
Total (cm®) (median (IQR)) 1(0.4-2.7)

MSU, monosodium urate.

32.2, p=0.75) did not show any trend of association with

MSU crystal dissolution in bivariable analysis.
Multivariable analysis showed that time from the baseline

DECT scans, SU level <56.0mg/dL and hypertension were

LaurentV, et al. RMD Open 2023;9:e003725. doi:10.1136/rmdopen-2023-003725

3


https://dx.doi.org/10.1136/rmdopen-2023-003725

SU 26.0 mg.dL

WM 6.0<SU=<50mg/dL & SU<5.0mg/dL

-
o
s

-
o
e

o
s

o

Percentage of baseline MSU crystal volume >

Time (Months)

Volume 5,97 cm?

Figure 1

Volume 0,76 cm?

B

1007 B sSu=60mgd. E6.0<SU<50mg/dL M SU<5.0 mg/dL

*%

80

ns ns

60

ns
40
20
3| |e 4| |4 3| 4 1 3
0 T T T

U
>50% M6 >70% M12 >90% M18 >98% M24
DECT volume target change at timepoint

Patients at target (%)

Volume 0,26 cm? .
24 months

Percentage of change from the baseline volume of MSU crystal volume measured with DECT over time according

to SU levels. (A) Median and IQR of remaining percentage of the baseline MSU crystal volume at 6, 12, 18 and 24 months
according to SU level at follow-up DECT scans. (B) Proportion of patients obtaining targets of percentage MSU crystal volume
decrease from baseline at months 6, 12, 18 and 24 months according to SU level at follow-up DECT scans. (C) Feet DECT
scans at baseline, 12 months and 24 months of a 74-year-old male with a baseline SU at 7.5mg/dL treated with 300mg
allopurinol daily whose SU during follow-up reached 4.5mg/dL. DECT, dual-energy computed tomography; MSU, monosodium

urate; SU, serum urate.

the only explanatory variables significantly associated with
the decrease of MSU crystal volume over time (table 2).

DISCUSSION

Owing to a good correlation between decrease in SU
level and MSU crystal dissolution, in patients with gout
who have MSU crystal volumes >0.1cm® measured on
DECT scans, obtaining SU levels below 5.0 mg/dL helps
achieve far more substantial crystal dissolution than the
<6.0mg/dL target which has been associated with uneven
and incomplete crystal disappearance. History of hyper-
tension appears to be a factor contributing to decreased
MSU crystal depletion under ULT.

MSU crystal volume is associated with the risk of flares
and its decrease within an acceptable time frame should
be a therapeutic objective. Previous studies have demon-
strated an association between DECT-measured MSU

crystal volume and recent or upcoming flares.” '* It is now
clear that gout flares are triggered by MSU crystals, and
that risk of flares disappears with clearance of the crystal
burden, which occurs far later than the achievement of
SU-level objectives.'” Aiming for SU-level decrease below
5.0mg/dL seems to be a reasonable and feasible option
in routine practice, while aiming for even lower levels
may be difficult to achieve clinically as shown by the
failure of the trial aiming for SU levels below 3.3 mg/dL
using intensive oral ULT.'®

Our results suggest that the below 5.0mg/dL SU target
should be extended to all patients exhibiting significant
MSU crystal volumes on DECT scans, even without topha-
ceous gout. Apart from French® and British guidelines
that recommend obtaining SU levels below 5.0mg/dL,
mainly based on data on tophus size reduction according
to SU level,17 most national and international guidelines

LaurentV, et al. RMD Open 2023;9:e003725. doi:10.1136/rmdopen-2023-003725
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Table 2 Multivariable analysis of variables explaining MSU crystal volume percentage change measured with DECT over time

Percentage of remaining MSU

Explanatory variable

crystal volume (cm®) (mean (SD)) Multilevel coefficient (95% Cl) P value

Time since baseline DECT scan (0.0, 822.0) 43.5 (41.0)
(days)
Age (years) (38.7, 88.6) 43.5 (41.0)
Hypertension No (reference) 31.6 (33.3)
Yes 47.1 (42.6)
Chronic heart disease No (reference) 48.1 (44.2)
Yes 37.9 (36.4)
Serum urate level at follow-up >6.0 (reference) 82.5 (67.7)
DECT e (el <5.0 30.3 (32.1)
5.0 to <6.0 73.4 (29.8)

-0.06 (~0.08 to —0.03) <0.001
-0.52 (-1.53 to 0.49) 0.34
:11 .87 (16.38 t0 67.18) <0.01
:19.64 (-44.5 t0 5.4) 0.15
:39.46 (~70.93 to -8.34) 0.02
-4.62 (-39.54 t0 30.27) 0.80

DECT, dual-energy computed tomography; eGFR, estimated glomerular filtration rate (CKD-EPI formula); MSU, monosodium urate.

currently recommend to aim for the below 6.0mg/dL
target except for patients who were tophaceous.'®™
Given the uneven and relatively poor MSU crystal dissolu-
tion obtained in patients reaching only the below 6.0 mg/
dL SU target, aiming for SU levels below 5.0 mg/dL may
be warranted in patients with gout who have detectable
crystal deposits, since reaching this objective seemed to
provide a more secured and complete crystal dissolution
after 24 months of ULT. Specific attention should be
given to patients with hypertension as it was associated
with slower crystal dissolution.

The reason why a tophus becomes invisible to DECT
in the course of ULT still needs to be clarified. DECT
is limited by its spatial resolution and we had already
shown that the technique could ‘miss’ tophi that had
been detected with ultrasound, which also captures the
soft tissue component of the tophus.21 Recently, another
study showed that during T2T ULI, the ratio inside
tophus between MSU crystals and the soft tissue content
decreased over time,11 suggesting that the kinetics of
crystal depletion were more rapid than the resolution of
the soft tissue content of the tophi. It is not yet known
if its the overall crystal concentration of the tophus
which decreases (and therefore the whole tophus could
not reach the detection threshold of DECT despite the
persistence of substantial quantities of crystals) or the
crystal core of the tophus which shrinks but should
remain detectable for a longer period until the depletion
of the vast majority of crystals, with potential different
clinical implications in subsequent risk of flares.

This study has inherent limitations. First, without prior
evidence of what extent of crystal dissolution should
be targeted and when, thresholds of target percentage
of MSU crystal volume decrease were chosen arbitrarily
based on what a clinician could expect and may want to
expose to patients as management objectives. Further
studies are needed to explore what attaining these
thresholds translates into in terms of clinical benefits.
Second, this exploratory study was too underpowered
at certain timepoints due to low numbers of patients in

SU-level groups >5.0mg/dL (eg, 24 months) to carry
out statistical testing, explaining the lack of statistically
significant differences despite obvious numerical differ-
ences. Nevertheless, all analyses suggest that, unlike the
<5.0mg/dL target, the<6.0mg/dL target seems insuffi-
cient to achieve significant crystal dissolution in patients
with positive DECT scans.

In patients with baseline crystal deposition >0.1cm’,
obtaining SU levels below 5.0mg/dL is the best threshold
to obtain subtotal crystal dissolution in 2 years, while the
6.0mg/dL threshold allows uneven and incomplete crystal
dissolution. Patients with hypertension exhibit slower crystal
dissolution and may require lower SU targets.
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