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B R I E F  R E P O R T

The Effect of Etanercept in Nonradiographic Axial 
Spondyloarthritis by Stratified C- Reactive Protein Levels
Hoi Ki Joshua Tam,1 Peter Nash,2  and Philip C. Robinson1

Objective. Biological agents have shown markedly different response rates by baseline C- reactive protein (CRP). 
Here, we determine the response of patients with nonradiographic axial spondyloarthritis (nr- axSpA) to etanercept 
stratified by their baseline CRP level.

Methods. The EMBARK trial was a phase 3, randomized, double- blind, placebo- controlled study of etanercept 
in nr- axSpA. The primary endpoint was Assessment of Spondyloarthritis International Society (ASAS) 40 at Week 12, 
the conclusion of the double- blind phase. It recruited patients who met the ASAS criteria for axial spondyloarthritis, 
and sacroiliac joint magnetic resonance scans were completed on all patients. In this post hoc analysis, we analyzed 
outcomes by baseline C- reactive protein (CRP) level of less than 5 mg/L, 5 mg/L to 10 mg/L, and greater than 10 
mg/L. The clinical trial outcome data were accessed via the Vivli platform.

Results. In the less than 5 mg/L CRP group treated with etanercept, the ASAS20 response, ASAS40 response, 
Ankylosing Spondylitis Disease Activity Score- CRP (ASDAS- CRP), and ASDAS- ESR (erythrocyte sedimentation rate) 
outcomes were 49% (P = 0.84), 26% (P = 0.14), 42% (P = 0.002), and 44% (P = 0.006), respectively. In the 5 to 
10 mg/L CRP group treated with etanercept, the ASAS20 response, ASAS40 response, ASDAS- CRP, and ASDAS- 
ESR outcomes were 56% (P = 0.99), 31% (P = 0.40), 56% (P = 0.16), and 50% (P = 0.11), respectively. In the 
greater than10 mg/L CRP group treated with etanercept, the ASAS20 response, ASAS40 response, ASDAS- CRP, and 
ASDAS- ESR outcomes were 74% (P = 0.02), 68% (P = 0.003), 82% (P = 0.005), and 50% (P = 0.001), respectively.

Conclusion. Although there are reduced ASAS20 and ASAS40 response rates in the groups with baseline CRP 
less than 10 mg/L, there remain clinically relevant responses when the composite outcome measures ASDAS- CRP or 
ASDAS- ESR were used, and this should be considered when deciding on thresholds for reimbursement.

INTRODUCTION

Nonradiographic axial spondyloarthritis (nr- axSpA) has a 
growing number of effective therapies (1). These treatments aim to 
address the significant symptom load and functional impairment 
this disease causes (2). Previous studies of biologics in axial spon-
dyloarthritis (axSpA) have identified that baseline magnetic reso-
nance imaging (MRI) and C- reactive protein (CRP) status predict 
treatment response (3,4). One study has shown that when objective 
inflammation is lacking, no clinical efficacy of etanercept treatment 

was demonstrable (5). This has led many regulators and funders to 
require the demonstration of objective inflammation as part of the 
label or for reimbursement, respectively. This is potentially based 
on health economic assessments, which conclude that, in those 
who lack objective inflammation, the cost of the therapy does not 
justify the clinical response achieved or quality- adjusted life years 
gained. There are different opinions in the field about the ability to 
accurately diagnose axSpA in the absence of signs of objective 
inflammation (6– 8). Therefore, it is very important to understand 
how baseline CRP level impacts treatment response in nr- axSpA.

This publication is based on research using data from Pfizer that 
has been made available through Vivli. Vivli has not contributed to or 
approved and is not in any way responsible for the contents of this 
publication.

1Hoi Ki Joshua Tam, MBBS, PhD, Philip C. Robinson, MBChB, PhD: 
University of Queensland, Brisbane, Queensland, Australia; 2Peter Nash, 
MBBS, MD: Griffith University, Brisbane, Queensland, Australia.

Dr. Nash reports speaking for, participating in data safety monitoring 
boards for, and receiving research grants from Pfizer. Dr. Robinson reports 
receiving personal fees from Abbvie, Atom Biosciences, Eli Lilly, Gilead, 

Janssen, Novartis, UCB, Roche, and Pfizer; meeting attendance support from 
Bristol Myers Squibb, Eli Lilly, Pfizer, and UCB Pharma; and receiving grant 
funding from Janssen, Novartis, Pfizer, and UCB Pharma.

Funding: None.
Address correspondence to Philip Robinson, MBChB, PhD, School of 

Clinical Medicine, University of Queensland, Royal Brisbane and Women’s 
Hospital, 1 Butterfield Street, Herston, Queensland, 4006 Australia. Email: 
philip.robinson@uq.edu.au.

Submitted for publication January 30, 2021; accepted in revised form July 
7, 2021.

http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-2571-788X
mailto:
https://orcid.org/0000-0002-3156-3418
mailto:philip.robinson@uq.edu.au


TAM ET AL700       |

The EMBARK trial studied the treatment efficacy of etaner-
cept in patients with nr- axSpA, enrolling patients with active nr- 
axSpA who had chronic back pain for less than 3 months (9). 
Patients received etanercept for 12 weeks before continuing 
in the open- label phase of the trial. In this post hoc analysis of 
the EMBARK trial, we have determined treatment response 
after patients were stratified into three groups according to their 
baseline CRP level. In some countries (eg, Australia), access to 
anti- tumor necrosis factor (anti- TNF) for nr- axSpA is restricted to 
patients with CRP greater than 10 mg/dl. This analysis was specif-
ically completed to determine whether patients with low (<5 mg/L) 
or low- positive (5- 10 mg/L) CRP levels achieved clinically impor-
tant treatment responses relevant in some jurisdictions (eg, Aus-
tralia) where patients with nr- axSpA are not eligible for reimbursed 
therapy if CRP levels are low (<5 mg/L) or low normal (5- 10 mg/L) 
at baseline.

PATIENTS AND METHODS

The EMBARK trial was a multicenter, randomized, double- 
blind, placebo- controlled trial of etanercept in nr- axSpA. We 
obtained the clinical trial data from the EMBARK trial through the 
Vivli clinical trial data platform (www.vivli.org). The full EMBARK trial 
protocol can be found in the original publication (9). Briefly, patients 
aged 18 years or more but less than 50 years with chronic back 
pain for greater than 3 months and less than 5 years and active 
nr- axSpA (as determined by the 2009 Assessment of Spondy-
loarthritis International Society [ASAS] axSpA criteria and a Bath 
axSpA Disease Activity Index [BASDAI] score ≥4) were recruited. 
They were required to have had an inadequate response to two 
or more nonsteroidal anti- inflammatory drugs taken separately for 
a total duration of more than 4 weeks. A total of 215 patients 
entered the study; 106 were randomized into the etanercept treat-
ment group, and 109 were randomized to the placebo group. The 
trial had the following two phases: a 12- week double- blind phase 
and a 12- week open- label extension. This paper reports on the 
data from the 12- week double- blind phase.

The data analysis was carried out in R studio and Prism. The 
primary objective was to determine the response rates by base-
line CRP level. The patients were stratified into the following three 
levels: CRP of less than 5 mg/L, CRP of 5 mg/L to 10 mg/L, and 
CRP of more than 10 mg/L. For the purposes of this manuscript, 
these are referred to as low, low- positive, and high, respectively. 
Patients who did not have an ASAS20 or ASAS40 response doc-
umented were removed from the analysis. The odds ratio (OR) and 
number needed to treat (NNT) to achieve an ASAS20 and ASAS40 
response were calculated. A Fisher exact test for each CRP group 
was calculated to compare the placebo and etanercept groups.

As a secondary objective, we wanted to determine whether 
the baseline CRP level could predict the effect of etanercept on 
other measures of disease activity. The other outcome meas-
ures assessed included axSpA Disease Activity Score- CRP 

(ASDAS- CRP), ASDAS- ESR, BASDAI, and Spondyloarthritis 
Research Consortium of Canada (SPARCC) sacroiliac (SIJ) MRI 
score. If patients were missing any of the scores, they were 
excluded from the final analysis. Details of their composition are 
detailed elsewhere (10). Each of the scores was plotted against 
the baseline CRP level, and a linear regression was performed 
using Spearman’s correlation.

The change in ASDAS scores can be assessed on the basis 
of previously published thresholds (10). A decrease in ASDAS 
scores of less than 1.1 was considered as no clinical improve-
ment. Minimal clinical improvements were defined as a change in 
scores of 1.1 to 2.0. Major clinical improvements were changes in 
scores of 2.0 or more. The ASDAS- CRP or ASDAS- ESR scores at 
baseline were subtracted from the scores at Week 12. The scores 
were stratified by the change in ASDAS score and baseline CRP 
group. A χ2 score was calculated to determine whether there was 
a significant number of patients with a major clinical benefit. A 
χ2 analysis was performed to determine whether there were any 
significant differences in proportions. To calculate an OR and NNT, 
we categorized the patients into two groups, including those with 
no clinical benefit (change in score <1.1) and those with clinical 
benefit (change in score ≥1.1).

For BASDAI and SPARCC SIJ scores, patients can be 
categorized into those with improvement and those without 
improvement. Decreases in BASDAI scores greater than 50% are 
indicative of clinical improvement. SPARCC SIJ score decreases 
greater than 2.5 were categorized as clinical improvement. The 
patients were again stratified by baseline CRP levels and con-
tingency tables. A Fisher exact test was performed to determine 
whether there were significant differences between the placebo 
and etanercept groups. The OR and NNT were also calculated 
for these indices.

RESULTS

Data were provided from 214 patients in total (placebo = 108; 
etanercept = 106). The patients were stratified by their baseline 
CRP levels. After stratification, there were 144 patients (pla-
cebo = 73; etanercept = 71), 31 patients (placebo = 15; etaner-
cept = 16), and 39 patients (placebo = 20; etanercept = 19), in 
the low, low- positive, and high CRP baseline groups, respectively. 
Eight patients were missing ASAS20 and ASAS40 outcome data 
and were excluded from the final analysis. After the missing data 
were excluded, there were 138 patients (placebo = 72; etaner-
cept = 66), 30 patients (placebo = 14; etanercept = 16), and 38 
patients (placebo = 19; etanercept = 19), in the low, low- positive, 
and high CRP baseline groups, respectively. Patients treated 
with etanercept had higher ASAS20 and ASAS40 responses 
(Figure 1 and Supplementary Table 1). Of placebo- treated patients 
with baseline CRP levels less than 5 mg/L, 33% had an ASAS20 
response and 15% had an ASAS40 response. In comparison, 
48% and 26% of etanercept- treated patients had an ASAS20 and 
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ASAS40 response, respectively. Of placebo- treated patients with 
a baseline CRP level between 5 mg/L and 10 mg/L, 57% and 14% 
of patients had an ASAS20 and ASAS40 response, respectively. 
At the same baseline CRP level, 56% and 31% of etanercept- 
treated patients had an ASAS20 and ASAS40 response, respec-
tively. However, the differences were not significantly different at 
the low and low- positive CRP baseline levels (P ≥ 0.05). The dif-
ference between placebo-  and etanercept- treated patients was 
significantly different in patients in the high CRP group (P < 0.05). 
In these patients, an ASAS20 response was achieved in 32% of 
placebo- treated patients and 74% of etanercept- treated patients. 
The ASAS40 response rate was similar, with 16% of placebo- 
treated patients and 68% of etanercept- treated patients achieving 
an ASAS40 response.

We also investigated response according to the composite 
ASDAS- CRP and ASDAS- ESR score. Patients with ASDASs of 
1.1 or less were considered to have clinical improvement. The per-
centage of patients responding to etanercept was similar using the 
ASDAS- CRP or ASDAS- ESR score (Figure 1 and Supplementary 
Table 1). In patients with a baseline CRP level of less than 5 mg/L, 
there were 17% were responders with the ASDAS- CRP and 21% 
were responders with the ASDAS- ESR. Patients treated with etan-
ercept had a significantly higher percentage of patients with clinical 
response (42% and 44% using the ASDAS- CRP and ASDAS- ESR, 
respectively). Similarly, patients with a baseline CRP level of more 
than10 mg/L also had a significantly higher percentage of patients 
who responded to etanercept as compared with placebo, as per 
the ASDAS- CRP and ASDAS- ESR response. In the placebo group, 

Figure 1. Outcomes by C- reactive protein (CRP) group. The percentage of patients reaching Assessment of Spondyloarthritis International 
(ASAS) 20 (A), ASAS40 (B), Ankylosing Spondylitis Disease Activity Score- CRP (ASDAS- CRP) (C), or Ankylosing Spondylitis Disease Activity 
Score- Erythrocyte Sedimentation Rate (ASDAS- ESR) (D) criteria for clinical improvement were plotted after being stratified into their appropriate 
baseline CRP levels. *Significant differences between the placebo and etanercept group (P < 0.05).
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42% and 26% of patients responded to the ASDAS- CRP and 
ASDAS- ESR, respectively. Conversely, in patients treated with etan-
ercept, 89% and 82% had a clinical response as per the ASDAS- 
CRP and ASDAS- ESR, respectively. Although patients with low and 
high CRP levels responded to etanercept, patients with a baseline 
CRP level between 5 mg/L and 10 mg/L did not have a significant 
clinical response over those treated with placebo. In placebo- treated 
patients, 29% and 17% were responders according to the ASDAS- 
CRP and ASDAS- ESR, respectively. Of etanercept- treated patients, 
56% and 50% were responders according to the ASDAS- CRP and 
ASDAS- ESR, respectively.

The OR and NNT were calculated at each of the CRP base-
line levels (Table 1). Patients treated with etanercept had a greater 
likelihood of reaching an ASAS20 or ASAS40 response. How-
ever, only patients with a high baseline CRP level had significantly 
higher odds of response (P < 0.05).

We then studied patient response to etanercept based on 
additional outcome measures. The measures studied were the 
ASDAS- CRP, the ASDAS- ESR, the BASDAI, and the SPARCC 
SIJ scores. In our initial analysis of these four scores, the baseline 
CRP levels were plotted against each score; then, a linear regres-
sion was performed with Spearman’s correlation (Figure 2). In the 
placebo patients, there was no significant correlation between 
the baseline CRP score and response to treatment. Conversely, 

etanercept- treated patients had increasing treatment responses 
as the baseline CRP level increased.

We studied each of the scores in further detail. The ASDAS 
responses can be categorized by the change in the score from 
the baseline. The scores are divided into clinical worsening, no 
improvement, minor clinical improvement, and major clinical 
improvement (see Methods). A χ2 analysis demonstrated that there 
were significantly different proportions of patients in each of the 
different groups between the etanercept-  and placebo- treated 
groups (P < 0.05). As with the ASAS responses, we stratified 
the patients on the basis of their baseline CRP level to determine 
whether the baseline CRP level affected etanercept treatment 
response. In the ASDAS- CRP and ASDAS- ESR, the response 
proportions were significantly different at the low and high CRP 
levels (P < 0.05) but not in the low- positive levels (Supplemental 
Figure 1) (P > 0.05). When the patients were categorized more 
broadly into those with no clinical improvement and those with 
any clinical improvement, the results were unchanged (Figure 3). 
The low and high CRP levels remained statistically significant, but 
the low- positive baseline CRP level remained not significant (Sup-
plementary Figure 1).

The ORs for ASDAS- CRP and ASDAS- ESR were in the 3 to 
5 range for the low and middle baseline CRP levels. The NNTs for 
these levels ranged from 3 to 5 as well. Significantly, in patients 

Table 1. The odds ratio and NNT for patients treated with etanercept

Odds 
Ratio

95% Lower 
Confidence 

Interval

95% Upper 
Confidence 

Interval NNT

N (n 
Placebo, n 

Etanercept)
ASAS20

CRP <5 mg/L 1.9 1.0 3.8 6.6 138 (72, 66)
CRP 5- 10 mg/L 1.0 0.2 3.8 112 30 (14, 16)
CRP >10 mg/L 6.1 1.5 27.8 2.4 38 (19, 19)

ASAS40
CRP <5 mg/L 1.9 0.9 4.3 9.5 138 (72, 66)
CRP 5- 10 mg/L 2.7 0.4 15.4 5.9 30 (14, 16)
CRP >10 mg/L 11.6 2.4 45.06 1.9 38 (19, 19)

ASDAS- CRP (for clinical improvement)
CRP <5mg/L 3.6 1.7 8.2 4.0 135 (71, 64)
CRP 5- 10 mg/L 3.2 0.76 12.0 3.6 30 (14, 16)
CRP >10 mg/L 11.0 1.9 55.0 2.1 37 (19, 18)

ASDAS- ESR (for clinical improvement)
CRP <5 mg/L 2.9 1.4 6.0 4.4 137 (71, 66)
CRP 5- 10 mg/L 5.0 0.9 27.0 3.0 28 (12, 16)
CRP >10 mg/L 13.1 2.5 52.3 1.8 36 (19, 17)

BASDAI
CRP <5 mg/L 2.0 0.9 4.0 7.0 138 (72, 66)
CRP 5- 10 mg/L 2.5 0.6 9.4 4.7 30 (14, 16)
CRP >10 mg/L 6.4 1.5 22.2 2.4 38 (19, 19)

SPARCC SIJ score
CRP <5 mg/L 0.6 0.2 1.4 12.0 135 (72, 63)
CRP 5- 10 mg/L 0.6 0.1 3.3 8.4 29 (14, 15)
CRP >10 mg/L 0.3 0.1 1.6 4.8 38 (19, 19)

Abbreviation: ASAS, Assessment of Spondyloarthritis International Society; ASDAS- CRP, 
Ankylosing Spondylitis Disease Activity Score- CRP; ASDAS- ESR, Ankylosing Spondylitis 
Disease Activity Score- Erythrocyte Sedimentation Rate; BASDAI, Bath Ankylosing Spon -
dylitis Disease Activity Index; CRP, C- reactive protein; NNT, number needed to treat; SIJ, 
sacroiliac; SPARCC, Spondyloarthritis Research Consortium of Canada.
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with the highest baseline CRP levels, the OR was 11.0 and 13.1 
for the ASDAS- CRP and ASDAS- ESR, respectively. Similarly, the 
NNT was 2.1 and 1.8 for the ASDAS- CRP and ASDAS- ESR, 
respectively (Table 1).

The BASDAI score can also be categorized into clinical 
improvement or no clinical improvement. Similar to the ASDAS 
score, the proportion of all patients showing benefit was signif-
icantly different between the etanercept-  and placebo- treated 
groups (P < 0.05). Low and low- positive CRP levels showed no 
significant differences in proportions between etanercept-  and 
placebo- treated patients. Conversely, patients who were treated 
with etanercept and had a baseline CRP level of more than 
10 mg/L had a significantly lower proportion of people with a pos-
itive response (Supplementary Figure 2).

Similarly, we performed the same analysis with the SPARCC 
SIJ scores. However, there was no significant difference in 

proportions between etanercept-  and placebo- treated patients, 
regardless of the baseline CRP level (Table 1 and Supplementary 
Figure 2).

DISCUSSION

In this study, we performed a post hoc analysis on data from 
the EMBARK trial. The original EMBARK trial stratified patients into 
high and low baseline CRP levels. The aim of baseline CRP strat-
ification was to determine response rates based on finer gradua-
tions of baseline CRP.

We found that, in patients with nr- axSpA, the baseline CRP 
level was correlated with a positive response to etanercept treat-
ment as per the ASAS20, ASAS40, ASDAS- CRP, ASDAS- ESR, 
BASDAI, and change in SPARCC SIJ score outcomes. All the 
scores (except the change in SPARCC SIJ score) that we studied 

Figure 2. The continuous relationship between C- reactive protein (CRP) and outcome. The graph of baseline CRP serum levels (mg/L) 
against the Ankylosing Spondylitis Disease Activity Score- CRP (ASDAS- CRP) (A), Ankylosing Spondylitis Disease Activity Score- Erythrocyte 
Sedimentation Rate (ASDAS- ESR) (B), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (C), and Spondyloarthritis Research 
Consortium of Canada (SPARCC) sacroiliac (SIJ) (D) scores.
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Figure 3. Clinical improvement in Ankylosing Spondylitis Disease Activity Score C- reactive protein (ASDAS- CRP) and Ankylosing Spondylitis 
Disease Activity Score- Erythrocyte Sedimentation Rate (ASDAS- ESR). The patients were stratified based on baseline C- reactive protein (CRP) 
level. The number of patients that had clinical improvement and no clinical improvement are shown. (A) All patients (Not stratified based on 
CRP). (B) Patients with a CRP level of less than 5 mg/L. (C) Patients with a CRP level of 5 to 10 mg/L. (D) Patients with a CRP level greater than 
10 mg/L. The P values for each Fischer exact test are displayed on their respective graphs. P < 0.05 was considered significant.
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showed that a CRP level of more than 10 mg/L was associated 
with a significant response to etanercept; the ASDAS- CRP and 
ASDAS- ESR scores (composite outcome measures) also demon-
strated significant improvement in the low CRP group. The finding 
of an NNT of 112 in the 5 to 10 mg/L CRP group for the ASAS20 
outcome is not in keeping with the pattern of results from the other 
outcome measures and is potentially the result of low numbers in 
this group.

Multiple investigators have shown that a higher baseline CRP 
level predicts a higher response to treatment in patients with radi-
ographic axSpA and nr- axSpA (3,4,11– 14). In a large study by 
Rudwaleit et al, 1250 patients with early axSpA were randomized 
to placebo or adalimumab treatment (3). Of patients with a base-
line CRP level greater than 12 mg/L, more than 60% of patients 
had an ASAS40 response. Similarly, in patients in the EMBARK 
trial with a CRP level greater than10 mg/L, 68% of etanercept- 
treated patients had a positive ASAS40 response. A previous post 
hoc analysis of the EMBARK trial found that patients with objec-
tive inflammation, as shown by positive SIJ MRI results or raised 
CRP level, correlated with a greater percentage of patients with 
clinical improvement (11).

Our present study investigated baseline CRP level and its 
relationship to disease response. However, predicting disease 
response to biologics is likely more complicated than a baseline 
CRP level. Indeed, logistic regression of patients treated with TNF 
inhibitors showed that younger age, duration of disease, human 
leucocyte antigen (HLA) status, and TNF inhibitor naivety also 
correlated with a positive response to treatment (3,12,15). Fur-
thermore, the baseline CRP level only captures inflammation in a 
patient at a specific time. In patients with active axSpA and a “nor-
mal” baseline CRP level, approximately 50% of these patients may 
have an increased CRP level when followed longitudinally (16). 
Similarly, another study has demonstrated that patients with active 
disease, but no MRI or baseline CRP evidence of inflammation, 
developed inflammatory changes when followed longitudinally 
(17). The baseline CRP level (and other serum inflammatory mark-
ers) may be too nonspecific to serve as the only predictor of 
disease response (18). The low specificity of CRP to axSpA dis-
ease process may explain the lack of significance for the change 
in SPARCC SIJ score in patients with a CRP level greater than 
10 mg/L, although the numbers were also small in this group.

Despite these drawbacks, our study further confirms pre-
vious studies demonstrating that higher baseline CRP levels are 
correlated with response to etanercept in patients with nr- axSpA. 
In addition, this analysis importantly highlights that the ASDAS- 
CRP and ASDAS- ESR, which are considered better disease 
activity measures than BASDAI or ASAS responses, are able to 
demonstrate the value of biologic treatment across CRP groups 
(19– 21). This should precipitate a reconsideration of the wide-
spread use of the ASAS40 as a primary outcome measure in clin-
ical trials. However, CRP may be too nonspecific to the axSpA 
disease process. Therefore, CRP may serve as part of an algorithm 

to more accurately predict response to biologic treatment. Further 
research is required to determine the factors that predict response 
to biologics. We know that patients treated earlier in the course 
of their disease have a higher likelihood of response to biologics 
(12,15,22). Furthermore, the patients that respond to biologics are 
likely to have a continued response to biologics years after the 
commencement of treatment (18). Overall, it is important to note 
that patients with low and low- positive baseline CRP levels do 
have clinically meaningful responses to etanercept in nr- axSpA.
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