[l Day-fo-day variation in Doppler activity
1] in patients on stable etanercept
treatment: an exploratory cohort study

Aim: Doppler ultrasound was used to evaluate the day-to-day variation in inflammatory activity in
rheumatoid arthritis patients on stable TNF-a blocker treatment. Materials & methods: A total of 16 patients
with rheumatoid arthritis were included in the study, according to the American College of Rheumatology
criteria of unaltered etanercept dosage for the last 3 months. All patients had a stable total TNF-binding
capacity during the examination period. The most swollen joint was chosen as the target joint (11 wrist
joints and five metacarpophalangeal joints) and was examined by ultrasound the morning before injection
of 25 mg etanercept at day 0, and the same time on days 1, 2 and 3 after the injection. Color Doppler and
spectral Doppler were used to estimate the inflammation. The C-reactive protein was measured at each
visit. Results: The disease activity was assessed only at baseline. Mean disease activity score-28 was 3.97.
Only slight changes in ultrasound variables were seen over the 4-day period. Overall, there was no
statistically significant effect of time, and all pairwise comparisons were nonsignificant (p > 0.14). No
changes were found for C-reactive protein and TNF-binding capacity between the individual visits (time
effect: p = 0.85 and p = 0.23, respectively). Conclusion: There was no significant day-to-day variation in
Doppler parameters in patients on stable etanercept treatment. Ultrasound may therefore be performed
at any time between two etanercept injections and significant alterations in Doppler activity may be a
potential indicator of change in disease activity.
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TNF is a proinflammatory cytokine that plays
a central role in the inflammatory process in
rheumatoid arthritis (RA). The levels of TNF
have been shown to be elevated in both serum
and synovial fluid in patients with active disease.
Currently, there are several therapeutic agents,
which neutralize TNF, thereby inducing a swift
response on the level of disease activity and even
remission. These TNF inhibitors are admin-
istered at varying intervals from twice weekly
(etanercept) over every other week (adalimumab)
to every eighth week (infliximab).

It must be assumed that serum levels of the drug
would be highest immediately after injection, and
lowest immediately before the next administra-
tion per se. For etanercept, it has been shown that
by administering the drug twice weekly, subcuta-
neously, a stable blood concentration of the drug
is obtained [1]. In a previously published study, it
has also been demonstrated that, in patients on
stable treatment, TNF-binding capacity in the
serum is also stable. This indicates stable levels of
biologically active drug between two administra-
tions of the drug [2]. It remains, however, to be
demonstrated whether or not the drug adminis-
tration itself affects the inflammatory activity in
the joints, thereby causing fluctuation in Doppler
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between drug administrations. The effect on
disease activity may be estimated by ultrasound
using Doppler measurements of hyperemia (color
fraction) and vascular resistance (resistive index
[RI]). These variables have previously been vali-
dated and were demonstrated to be sensitive to
changes when initiating both local and systemic
treatment [3,4]. Possible alterations in disease
activity before or after drug administration would
be of importance for choosing when to evaluate
the patient by ultrasound.

Therefore, Doppler ultrasound was used to
evaluate the day-to-day variation in inflamma-
tory activity in RA patients on stable TNF-a
blocker treatment.

Materials & methods

In a previous study the level of TNF was deter-
mined in 16 RA patients on stable etanercept
treatment (14 patients received 25 mg subcuta-
neously twice weekly and two received 50 mg of
the drug subcutaneously once weekly) day-to-day
over a 4-day period [2]. These patients were con-
sidered the cohort in this exploratory study. The
patients had been on stable therapy for a mini-
mum of 11 months and on unaltered dosage for
at least 3 months. No individual variation in the
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level of TNF-binding capacity was found during
the observation period but a fairly high degree
of interindividual variation was found, which to
some extent was related to differences in levels
of C-reactive protein (CRP) [2].

Subjects with RA & measurements
The patients (three men and 13 women; mean age
63 [38-76] years) fulfilled the American College
of Rheumatology criteria with a mean duration
of etanercept treatment of 27 (11-47) months [s].
Disease activity was assessed at baseline with the
disease activity score (DAS)-28 using CRP. All
patients had a stable total TNF-binding capac-
ity during the examination period, as previously
described [2]. The joint on the hand with the
most pronounced Doppler activity was cho-
sen as the target joint (11 wrist joints and five
metacarpophalangeal joints) and was examined
by ultrasound in the morning before the injec-
tion of etanercept (day 0) and the same time on
days 1, 2 and 3 after the injection. The CRP was
measured at each visit.

The study was approved by The Committees
on Biomedical Research Ethics for the Capital
region of Denmark and informed consent from
all patients was obtained.

m Ultrasound
The joints of the hands were examined with an
Acuson Sequoia® (CA, USA) equipped with a
15 MHz linear array probe. The patient was
examined in an upright position with the hand
of interest placed on a cushion, palm down and
in a neutral relaxed position.

The target joint was only examined on
the dorsal side. The wrist was scanned from
side-to-side in the longitudinal plane and from

superior to inferior in the transverse plane. The
metacarpophalangeal joints were scanned on the
longitudinal plane and dorsal aspect only.

On the Acuson Sequoia ultrasound machine
the color Doppler is more sensitive than the
power Doppler when using optimal settings
for slow flow. The color Doppler was therefore
used in the present study in order to obtain
the most information on inflammatory activ-
ity in the investigated joints. The color Doppler
settings for the examinations were the same
for all joints (gain setting just below the noise
level, Nyquist limit (£0.014 m/s) and 7 MHz
Doppler frequency).

The synovial vascularization in the joints was
visualized by color Doppler and the flow pat-
tern of the synovium in the target joints was
evaluated using spectral Doppler with calcu-
lation of the RI. The mean RI was estimated
using three measurements, if possible, at three
different places in the synovial hypertrophy,
and a mean value was used as an estimate of the
synovial inflammation.

Image evaluation

Quantitative estimation of the vascularization
in the synovial membrane was performed using
the color Doppler image with maximum color
activity selected for analysis. The digitally stored
color Doppler image in the Digital Imaging and
Communications in Medicine (DICOM) for-
mat was transferred to a processing program
(Corel Photo-paint 7®). The synovium inside the
color box was traced, thereby defining a region
of interest. The amount of color pixels was then
expressed in relation to the total amount of pix-
els in the marked region of interest (i.e., the color
fraction) [6].

Table 1. Baseline characteristics for the 13 women and three men included in this

4-day repeated-measures trial.

Variable n Mean = standard deviation Min.-max. Median Q1; Q3
Age 16 62.6 + 10.1 38-76 64.5 60; 69

ESR 15 18+ 11 4-42 16 8,28

HAQ 16 0.7+0.5 0.0-1.5 0.6 0.3; 11

TIC 15 7+5 0-20 6 3;9

SIC 15 6+4 1-17 5 3,7

DAS-28 14 397+ 1.1 1.51-5.68 4.08 3.37;4.55
CRP 15 8.4 +12.2 0.6-48.0 3.2 1.9; 11.3

RI 16 0.71 £ 0.16 0.45-1.00 0.686 0.615; 0.819
CF 16 0.21+£0.12 0.04-0.54 0.187 0.126; 0.257
TNF-binding 16 43.33 +20.8 12.74-79.69  42.60 25.12; 57.54
capacity

CF: Color fraction, CRP: C-reactive protein; DAS-28: Disease activity score for 28 joints; ESR: Erythrocyte sedimentation
rate; HAQ: Health assessment questionnaire; Max.. Maximum, Min.: Minimum, Q: Quartile; RI: Resistive index;

SJC: Swollen joint count; TIC: Tender joint count.
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Figure 1. Changes in laboratory and Doppler parameters over time. Values are least-squares
means (line in bold) with lower and upper 95% Cls (dashed lines) following a 3-day observation
period in rheumatoid arthritis patients having a subcutaneous etanercept injection at baseline

(t = 0 days). (A) CRP: there was no effect of time (p = 0.8527; post hoc: each pair-wise combination
p > 0.39); the average level of CRP was 4.3 (95% Cl: 2.2-8.1). (B) TNF binding: there was no overall
effect of time p = 0.2333 (post hoc: TNF-binding level day 1 and 2 could be higher than baseline

p = 0.08); the average level of TNF binding was 47.257 (95% Cl: 38.354-56.161). (C) RI: there was
no effect of time (p = 0.4654; post hoc: each pair-wise combination p > 0.14); the average level of RI
was 0.748 (95% Cl: 0.689-0.810). (D) CF: there was no overall effect of time p = 0.1076 (post hoc:
color fraction level day 3 seemed lower than baseline p = 0.036); the average level of color fraction

was 0.149 (95% Cl: 0.095-0.215).

CF: Color fraction; CRP: C-reactive protein; RI: Resistive index.

Statistical analysis

The experimental design leads to a natural hier-
archy of the random effects as it includes repeated
measures on the same patient. All analyses were
done using SAS 9.1.3 (SAS Institute Inc., NC,
USA). We used a linear mixed effects model, hand-
ling patients as a random factor (with 16 levels).
This was fitted in SAS via a restricted maximum
likelihood method using PROC MIXED. We
applied a square-root-transformation for RI and
color fraction, and a log-transformation for the
CRP. A 95% CI was obtained on the transformed
scale. Such an interval is not symmetric, reflecting
the asymmetric distribution on the original scale.

Results
As presented in Taste 1 the disease activity at the
time of investigation — assessed only at base-

line — showed a mean DAS-28 score of 3.97.

future science group

As illustrated in Fieure 1, there were only slight
changes in ultrasound variables over the 4-day
period. RI changed from 0.71 (95%CI: 0.63;
0.79) to 0.78 (95%CI: 0.69; 0.87); overall
there was no statistical significant effect of time,
and all pair-wise comparisons were nonsignifi-
cant (p > 0.14). Color fraction decreased from
0.19 (0.12; 0.28) to 0.11 (0.05; 0.18), with a
tendency towards a time effect; however, there
was a significant difference between baseline
and day 3 (p = 0.036). No changes were found
for CRP and TNF-binding capacity between
the individual visits (time effect: p = 0.85 and
p = 0.23, respectively).

Discussion

In the 16 patients on stable TNF-a blocker
treatment, no signs of day-to-day variation in
Doppler activity were found. All the patients
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in the present study had measurable Doppler
activity in the chosen target joint. The study
demonstrates that on stable TNF-binding
capacity there were no statistical significant
differences in color fraction or RI before and
between two injections with eternacept, indi-
cating no variability in inflammatory activ-
ity in patients on stable treatment even when
administering a drug with a short half-life 2].
Whether this is the case for other anti-TNFs
given at much longer administration intervals
remains to be clarified.

The borderline decrease in color fraction
from baseline to day 3 did not correlate to any
clinical parameters.

The use of one target joint instead of mul-
tiple joint analyses for the evaluation of dis-
ease activity was validated in a recent study [7].
Single joint analysis correlates well with other
disease activity markers, although further
studies are warranted in this area. The present
study includes a smaller cohort of patients and
the results will need to be validated in a larger
cohort to eliminate a type 2 error (accepting
no difference although there actually is one).

The present study has indicated that Doppler
measurements may be performed at any time
during treatment and with no specific relation
to the time the drug is administered. The lack
of significant changes in color fraction and RI
indicate that alterations in Doppler activity are
a potential marker of changes in disease activ-
ity, at least on group level. Our results will need
to be confirmed in a larger cohort of patients
on stable treatment.

To some extent the findings support the
ongoing validation of the use of Doppler, as
no apparent fluctuations of significant impor-
tance were found from day-to-day in patients
on stable treatment. The variables used in the

present study have already been validated in
previous studies (3.4.8].

Conclusion

No significant day-to-day variation in color
fraction or mean RI was found in this explora-
tory cohort of patients on stable etanercept
treatment. Ultrasound may, therefore, be per-
formed at any time between two etanercept
injections and significant alterations in Doppler
activity may possibly be regarded as a sign of
change in disease activity.
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Executive summary

Background

Materials & methods

target joint.
Results

short half-life.
Discussion

disease activity.

= In patients on stable etanercept treatment, the serum levels of TNF-binding capacity are stable, indicating stable levels of biologically
active drug between two administrations.

= Day-to-day variation using Doppler ultrasound was evaluated over a 4-day period before and after drug administration on a chosen

= No statistical significant differences were found in Doppler measurements before and between two injections with eternacept
indicating no variability in inflammatory activity in patients on stable treatment, even when administering a drug with a

= There are no significant day-to-day variations in Doppler ultrasound in patients on stable treatment. Ultrasound may be performed at
any time between two etanercept injections and significant alterations in Doppler activity may have the potential to detect changes in
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