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Abstract

Objectives: The Simple Erosion Narrowing Score (SENS) is a simplification of the Sharp/van der Heijde score (SHS). Previous studies found SENS and
SHS to have very similar measurement properties, but suggest that SENS has a lower discriminative ability that may result in reduced power. Therefore,
we aimed to quantify the effect of using SENS rather than SHS on the power to show between-group differences in radiographic progression.

Methods: Using data from two clinical trials in RA (DRESS and BeSt), SENS was derived from the SHS. Criterion validity of the SENS in relation
to the SHS was assessed by calculating the Spearman correlation. The power of both scores to show a difference between groups was com-
pared using bootstrapping to generate 10000 replications of each study. Then, the number of replications with a significant difference in pro-
gression (using analysis of covariance adjusted for baseline scores) were compared.

Results: Correlations between SENS and SHS were all >0.9, indicating high criterion validity of SENS compared with SHS as a reference stan-
dard. There was one exception—the DRESS study showed a somewhat lower correlation for the change score at 18 months (0.787). The loss
in power of SENS over SHS was limited to at most 19% (BeSt year 5). In addition, the difference in power between SENS and SHS is smaller at
higher levels of power.

Conclusion: SENS appears to be a reasonable alternative to SHS, with only a limited loss of power to show between-group differences in radio-
graphic progression.

Keywords: rheumatoid arthritis, radiographic progression, Simple Erosion Narrowing Score, statistical power.

Rheumatology key messages
* The Simple Erosion Narrowing Score (SENS) correlates strongly with the Sharp/van der Heijde score (SHS).
* The loss in power from using SENS instead of SHS is limited.

Introduction [2]. The SHS grades the erosions from 0 to 5 per joint in the

Joint damage and progression thereof is one of the main
outcomes used in the assessment of RA treatment and is
most often quantified using the Sharp/van der Heijde score
(SHS) [1]. The Simple Erosion Narrowing Score (SENS) is a
simplification of the SHS and has been recommended for use
in clinical practice to assess radiographic progression of RA
because it combines a simpler, less time-consuming scoring
method with measurement properties comparable to the SHS

hands and from 0 to 10 per joint in the feet, and joint space
narrowing (JSN) from 0 to 4 in each joint. In comparison, the
SENS assesses the presence of both erosions and JSN in the
same joints as the SHS, but without grading them.

Previous studies comparing the SENS to the SHS have
found very similar measurement properties [2—6], but have
suggested that the SENS may lack some discriminative ability
compared with the SHS, which may result in a lower power

Received: 6 November 2023. Accepted: 8 May 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For commercial re-use,
please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the
Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

G202 1940J20 G| UO Josn apunyjueld a.1eindsjopy INNsu| ¥29yiolqig Aq 866169./v9t L/€/y9/aIo1HE/ABOjO)BWINGY /W09 dNO"01WSPEDE//:SA)Y WO PaPEOjUMO]


https://orcid.org/0000-0001-7126-2209
https://orcid.org/0000-0003-3911-3515
https://orcid.org/0000-0002-7136-5248

Power of SENS and SHS in RA trials

to detect between-group differences in progression. This claim
is based on the idea that the SENS score cannot measure any
progression in a joint that already had erosions or JSN, result-
ing in a ceiling effect on the joint level, as demonstrated in
data from the COBRA trial [4]. In a reanalysis of radiographic
data from this study, authors showed that progression of ero-
sions from previously eroded joints contributed relevantly to
total progression of joint damage. In addition, when only fo-
cusing on joints not previously eroded, radiographic progres-
sion could not be shown past the initial phase of the study. An
analysis of data from the BeSt study strengthens this finding
by showing that between 11 and 27% of patients with SHS
progression of >1 point did not have SENS progression [6].
As a result, the SENS has thus far not been recommended for
use as an outcome in RA research.

While perhaps directionally convincing, the claim that
SENS lacks between-group discriminative ability has not
been quantified. Furthermore, there are several arguments
that this effect may be quite limited. Firstly, a study using
data from the TEMPO trial failed to show indications of a
ceiling effect affecting the total SENS score, as detection of
progression using SENS was equally sensitive in all quartiles
of baseline SHS [5]. Secondly, the studies that do suggest a
lack of discriminative ability have some limitations: the anal-
yses of the COBRA trial focused only on the erosion subscore
and ignored the effects of JSN, which may somewhat com-
pensate for a lack of discriminative ability based on erosion
scores alone [4]. The analyses of the BeSt study focused on
classifying individual patients as progressors or not, which is
not as relevant at a group level and scores for research pur-
poses need only to show between-group differences in pro-
gression [6].

In summary, the SENS is a simplification of the SHS score
with very similar measurement properties, but the SHS
requires a factor of 3.5 more time to perform [2]. There are
arguments that the SENS may lack discriminative ability, but
the effect of this on the power of a study to show differences
in radiographic progression has not been quantified and may
not be of relevant magnitude. A quantification of the effect is
relevant, because it allows researchers to judge whether the
advantages of SENS (reduction in time and associated costs)
weigh up to the disadvantage of potentially lower power
(which may offset the reduction in time and costs if a much
larger sample size is then required). The objective of this
study is therefore to quantify the effect of using SENS rather
than SHS on the power of RA trials to show differences in ra-
diographic progression.

Methods
Data sources

This study uses data from two well-known clinical trials in
RA: the DRESS and BeSt studies. These studies were selected
because they detected relatively minor differences in SHS
progression between treatment arms, meaning any lack of
discriminative ability of SENS should become clear more eas-
ily than in studies with a large difference in progression. Both
studies are on a treat-to-target background, aiming for (main-
taining) low disease activity.

The DRESS study (Dutch trial register, NTR 3216, CMO re-
gion Arnhem-Nijmegen, NL37704.091.11) is an open label
non-inferiority randomized controlled trial in which RA patients
with low disease activity on a stable TNFi dose (adalimumab or

1465

etanercept) were randomized 2:1 to disease activity—guided ta-
pering or full dose continuation [7]. Radiographs of hands and
feet were made at baseline and 18 months and independently
scored by two trained readers using the SHS blinded for
allocation and in chronological order. The DRESS study was
approved by Commissie Mensgebonden Onderzoek region
Arnhem-Nijmegen (number NL37704.091.11).

The BeSt study is a four-arm randomized controlled trial in
early RA patients of sequential monotherapy vs step-up com-
bination therapy vs initial combination therapy with tapered
high-dose prednisone vs initial combination therapy with
infliximab (Dutch trial register, NTR262 and NTR265) [8].
Radiographs of hands and feet were made every 12 months
and independently scored by two trained readers using SHS
blinded for order and treatment allocation. The Medical
Ethical Committee Leids Universitair Medisch Centrum
approved the study (number P258/99), and all patients gave
written informed consent.

For each study, the SENS was calculated based on the SHS
and not scored separately. SENS scores were derived from
the individual joint scores of the SHS per reader individually,
then summed to a total score. Finally, for both scores, the
mean of the two readers was used to minimize measure-
ment error.

Analyses

First, we considered the criterion validity of SENS in relation
to the SHS as a reference standard. This was assessed through
correlations  both cross-sectionally by determining the
Spearman correlation between the absolute SENS and SHS
scores, and longitudinally by determining the Spearman cor-
relation between the change in SENS and SHS scores over the
course of each study. We used the criteria set forth by the
COSMIN (COnsensus-based Standards for the selection of
health Measurement INstruments) initiative, regarding good
measurement properties, to determine whether these correla-
tions were sufficient (>0.70) [9].

Secondly, we compared the power of both methods to
show a difference in progression between treatment arms.
For this purpose, we used bootstrapping to generate 10 000
replications of each study and assessed for both SENS and
SHS in how many replications a significant difference in pro-
gression could be shown using ANCOVA adjusted for base-
line score. In addition, because the effect on power might be
dependent on the sample size, this process was repeated using
random subsamples of each study from 90% of the sample
size down to 10% in increments of 10 percentage points. For
the BeSt study, this analysis was repeated for progression at
years 1 through 5 as the between-group differences first in-
crease over time and then gradually reduce again. Years 6
through 10 of the BeSt study were not considered as little
between-arm contrast remained at this point. This allowed us
to assess different between-group contrasts and the resulting
relative power of the SENS and SHS. As a sensitivity analysis,
we also assessed power for the non-parametric Wilcoxon
rank-sum test (for DRESS) or Kruskal-Wallis test (for BeSt).

Results

Baseline characteristics for the DRESS and BeSt are shown in
Supplementary Tables S1 and S2 (available at Rheumatology
online). DRESS included patients with long-standing RA and
higher baseline radiographic damage [median SHS (interquartile
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range, IQR) 23 (6.0-50.0) in the tapering arm and 18 (9.0-
47.0) for the usual care arm]. BeSt included early RA patients
with almost no radiographic damage at baseline. The median
SHS (IQR) was 1.5 (0.0-4.5) in the sequential monotherapy
arm, 2.0 (0.0-6.0) in the initial combination with infliximab
arm, 1.5 (0.0-3.0) in the initial combination with prednisone
arm and 1.5 (0.0-6.5) in the step-up combination therapy
arm. Information on the reader performance is shown in
Supplementary Table S3 (available at Rheumatology online).

Correlation between SENS and SHS

The correlations between both absolute SENS and SHS
scores and changes in both scores over time are shown in
Table 1. Further descriptives for both scores are shown in
Supplementary Table S4 (available at Rheumatology online).
For all time points, absolute correlations were high or very
high, indicating high criterion validity of the SENS compared
with the SHS as a reference standard. For change scores, only
the DRESS study showed a somewhat lower correlation, at
0.787 for progression at 18 months. This could be explained
by the higher baseline radiographic damage in this group,
which means there is no possibility for progression with
SENS in those joints with baseline damage.

Power of SENS and SHS

Fig. 1 shows the bootstrapped estimated power for the
DRESS and the BeSt study at different times of follow-up.
It can be seen that the loss in power by using SENS over
SHS is limited to at most 19% (BeSt study year 5). In addi-
tion, the difference in power between SENS and SHS is
smaller at higher levels of power, and in some cases SENS
even outperformed SHS. Interestingly, despite the lower
correlation between SENS and SHS progression in the
DRESS study, this is one of the analyses in which SENS ac-
tually had higher power than SHS. The sensitivity analyses
using non-parametric approaches showed overall lower
power and slightly bigger but still limited differences be-
tween SHS and SENS power (Supplementary Fig. S1, avail-
able at Rheumatology online).

Discussion

This study shows that, at the trial level, the loss in power
from using SENS over SHS is fairly limited. Interestingly, the
results seem to suggest that the difference between the SHS
and SENS in terms of power is smaller when SHS had higher
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power, which is where a difference in power is most relevant
if a trial is powered to detect radiographic progression.

These results are consistent with earlier studies that have
argued that the SENS may have lower discriminative ability
due to its inability to score progressive erosions in joints with
a previous erosion [3—6]. This is also reflected by the fact that
criterion validity of SENS progression is lowest in the DRESS
study which had a higher level of baseline radiographic dam-
age. The added value of this study compared with the existing
literature is a quantification of the limited degree with which
this limitation impacts study power. This may be explained
by several factors. For example, it is possible that patients
with progression of previous erosions also develop new ero-
sions in other joints, though there are indications that inflam-
mation tends to recur in the same joints resulting in
progression [10, 11]. Another possibility is that the grading
of damage does add some information, but also increases the
amount of measurement error, as the subtle differences be-
tween two grades of erosions of JSN in SHS may be harder to
score than simply the presence of erosions or JSN in SENS.

Results from this study can aid researchers in selecting a
scoring system for radiographic damage in RA studies. The
ideal scoring system for a specific study depends on the rela-
tive importance of the radiographic progression as an out-
come, and on other considerations that may influence the
sample size. For example, in a study that has radiographic
progression as a secondary outcome, which already requires
a high sample size for its primary outcome, SENS may be
considered. On the other hand, a study with a limited sample
size in established RA patients with high baseline radio-
graphic damage, with radiographic progression as a primary
outcome, may require the use of the more laborious SHS. The
latter scenario may become increasingly uncommon as the di-
agnosis and treatment of RA improves and results in lower
levels of radiographic damage. Another consideration may be
power for secondary and sub-analyses that may be lower
with the less detailed information provided by SENS. Of
note, the substantial savings in scoring time and cost when
using SENS could also be reinvested in optimizing power for
radiological outcome by other means, such as scoring with an
additional reader.

Strengths of this study are the inclusion of data from two
landmark trials that reflect a broad spectrum of RA patients.
Furthermore, long-term follow-up was available for the BeSt
study. A limitation of this study is the use of SENS derived
from SHS instead of directly scoring radiographs using SENS,
but previous research has shown the correlation between

Table 1. Spearman correlation between SENS and SHS in terms of absolute scores and as change from baseline

Absolute scores

Spearman correlation

Change from baseline Spearman correlation

Median (IQR) Median (IQR)
SHS SENS SHS SENS

DRESS baseline 18.5 (6.5-49.0) 5(4.0-21.5) 0.988

DRESS 18 months 19 5(7.0-49.0) 0 (4.0-21.5) 0.987 0.0 (0.0-1.0) 0.0 (0.0-0.5) 0.787
BeSt baseline 5(0.0-5.0) 0(0.0-2.5) 0.976

BeSt 1year 3 0 (0.0-7.5) 5(0.0-4.0) 0.977 0.0 (0.0-1.5) 0.0 (0.0-1.0) 0.931
BeSt 2 years .5(0.5-9.0) 5(0.5-5.0) 0.986 0.0 (0.0-2.5) 0.0 (0.0-1.5) 0.961
BeSt 3 years 3.0 (0.5-10.0) 5(0.5-5.0) 0.986 0.5 (0.0-3.0) 0.0 (0.0-1.5) 0.965
BeSt 4 years 3.5(1.0-11.0) 0(0.5-6.0) 0.982 1.0 (0.0-4.0) 0.5 (0.0-2.0) 0.957
BeSt S years 4.0 (1.0-11.5) 0(0.5-6.0) 0.975 1.0 (0.0-5.5) 0.5 (0.0-3.0) 0.971

SENS: Simple Erosion Narrowing Score; SHS: Sharp/van der Heijde score; IQR: interquartile range.
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Figure 1. Power of SENS and SHS scores in bootstrapped replications of the DRESS and BeSt studies at various sample sizes and time points. Power is
calculated as the proportion of bootstrapped replications with P <0.05 for ANCOVA adjusted for baseline score for both scoring systems. SENS: Simple
Erosion Narrowing Score; SHS: Sharp/van der Heijde score; ANCOVA: analysis of covariance
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calculated and derived SENS to be very high [2]. Moreover,
as this study was focused on power of the SHS and SENS at
the group level, it does not provide information on the use of
SENS to assess progression in individual patients. An appar-
ent limitation is the low intra-class correlation coefficient for
the change scores in the DRESS study, but this can be
explained by the low overall progression as the smallest de-
tectable change shows that measurement error was in fact
slightly lower than in the BeSt data.

In conclusion, SENS appears to be a reasonable alternative
to SHS, with only a limited loss of power to show between-
group differences in progression in clinical trials.

Supplementary material

Supplementary material is available at Rheumatology online.
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