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ARTICLE INFO ABSTRACT

Keywords: Objectives: VeriStrat™ is a blood-based test that utilizes matrix-assisted laser desorption/ionization time-of-flight
Non-small cell lung cancer (MALDI ToF) mass spectrometry to assign a binary classification of VeriStrat Good or VeriStrat Poor that is
VeriStrat associated with treatment outcomes in cancer patients. A number of other studies have shown an association
C.hemotherapy between VeriStrat status and clinical outcomes in second and subsequent lines of therapy. The prognostic
g;z;zl:rs properties of VeriStrat were demonstrated in the placebo arms of two randomized studies in non-small cell lung

cancer (NSCLC): TOPICAL and BR.21; the predictive properties of the test were shown in a prospective ran-
domized phase III study PROSE in the second line treatment of NSCLC with erlotinib versus chemotherapy.
Motivated by these observations, we sought to extend the clinical utility of VeriStrat to standard first line
chemotherapy and evaluated the performance of the test in a number of clinical studies of patients treated with
platinum-based regimens.

Materials and methods: We examine the performance of VeriStrat in three independent clinical trials where the
test classification was acquired for prospectively collected baseline samples from 481 patients treated with
platinum-based chemotherapy in first line.

Results: Across these trials, 66-70% of patients were classified as VeriStrat Good; patients classified as VeriStrat
Good had significantly longer progression-free survival and overall survival than VeriStrat Poor patients, with
hazard ratios ranging from 0.36 to 0.72 and 0.26 to 0.51, respectively. These results demonstrated that VeriStrat
is a strong prognostic test in NSCLC patients treated with platinum-based regimens in the first line.
Conclusion: VeriStrat provides valuable clinical information that may be used to support patient-physician
conversations regarding prognosis and treatment options, and to identify a subset of patients who might benefit
from other treatment strategies, possibly in the framework of clinical trials.

First line therapy

1. Introduction

NSCLC is one of the major causes of cancer-related death worldwide
and remains a challenge to treat because patients are typically diag-
nosed at advanced stages where 5-year survival is less than 5% [1].
With the exception of patients whose tumors harbor sensitizing EGFR
mutations, ALK or ROS-1 translocations, platinum doublets with third
generation agents such as taxanes, gemcitabine, vinorelbine and pe-
metrexed with or without bevacizumab or necitumumab, are the
standard of care in the first line setting [2]. Benefit from these treat-
ments varies, with median time to progression around 4-6 months and

median survival around 8-14 months, depending on regimen and
clinical characteristics of patients [3,4].

The most promising recent advances in the treatment of NSCLC are
associated with immunotherapies, especially immune checkpoint in-
hibitors, which have provided significant improvements in terms of
outcomes and durable responses for a proportion of patients in second
and subsequent lines of therapy [5]. More recently, checkpoint thera-
pies have shown superiority to standard platinum regimens in treat-
ment-naive patients with high expression (on at least 50% of tumor
cells) of PD-L1 [6]. Most recently, the FDA granted approval for the
anti-PD-1 agent pembrolizumab in combination pemetrexed and

Abbreviations: ALK, anaplastic lymphoma kinase; CPH, Cox proportional hazard; EGFR, epidermal growth factor receptor; ERCC1, excision repair cross-complementation group 1
protein; HR, hazard ratio; MALDI ToF, matrix-assisted laser desorption/ionization time-of-flight; NSCLC, non-small cell lung cancer; OS, overall survival; PD-1, programmed cell death
protein-1; PD-L1, programmed death-ligand 1; PFS, progression-free survival; PS, performance status; RRM1, ribonucleotide reductase subunit M1; TKI, tyrosine kinase inhibitor
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Baseline clinical characteristics of patients by VeriStrat test classification Italian, NExUS, and eLung cohorts.

Italian NExUS" eLung
VS Good n (%) VS Poorn (%) pvalue VSGoodn (%) VSPoorn (%) pvalue VSGoodn (%) VSPoorn (%) p value
Age Range 44-76 46-80 .264 25-78 35-77 993 35-86 50-82 .864
66 66 59 60 66 67
Gender Male 34 (68) 17 (65) 1.000 169 (61) 84 (66) .376 90 (63) 40 (66) .874
Female 16 (32) 9 (35) 107 (39) 43 (34) 52 (37) 21 (34)
Smoking Never 4 (8) 3(11) .685 56 (20) 15 (12) .048 N/A N/A N/A
History Ever 46 (92) 23 (89) 220 (80) 112 (88)
Histology Non-Squamous 50 (100) 26 (100) - 276 (100) 127 (100) - 99 (70) 28 (46) .002
Squamous 0 0 0 0 43 (30) 33 (54
ECOG PS 0 15 (30) 5(19) 414 127 (46) 43 (34) .023 58 (41) 14 (23) .017
1 33 (66) 21 (81%) 149 (54) 84 (66) 84 (59%) 47 (77)
2 24 0 0 0 0 0
Stage 1B 0 0 - 30 (11) 15 (12) .003 7 (5) 12 .440
v 50 (100) 26 (100) 246 (89) 112 (88) 135 (95) 60 (98)
Treatment  Carbo/Pem 28 (56) 15 (58) 1.00 - - - - - -
Cis/Pem 22(449) 11 (42)
Cis/Gem” 136 (100) 66 (100) -
Carbo/Pacli/Cet - - - - - - 52 (37) 27 (44) .205
Carbo or Cis/Gem/Cet 56 (39) 26 (43)
Carbo or Cis/Pem/Cet® 34 (24) 8 (13)

Carbo, carboplatin; Cet, cetuximab; Cis, cisplatin; Gem, gemcitabine; Pacli, paclitaxel; Pem, pemetrexed; N/A, not available; VS, VeriStrat.
2 Total study population (both treatment arms) that had VeriStrat Good or Poor classifications. Since the studies were randomized, we assume that the proportions in the individual

arms are similar to the whole population.
b Treatment arm discussed in the paper.
¢ In non-squamous patients.

carboplatin in first line treatment of non-squamous NSCLC, regardless
of PD-L1 expression. However, many patients still have little benefit
from immunotherapy, moreover, some may experience hyperprogres-
sion and be harmed by it [7].

Given these challenges, it appears that standard chemotherapy will
remain an important option for many patients who do not harbor
“actionable” mutations. Choosing an optimal front-line chemotherapy
strategy for NSCLC remains challenging, and many candidate bio-
markers, such as thymidylate synthase for pemetrexed-based regimens
[8] and excision repair cross-complementation group 1 (ERCC1) pro-
tein and ribonucleotide reductase subunit M1 (RRM1) for platinum
chemotherapy and gemcitabine, respectively [9-11], have been in-
vestigated. However, none of these studies resulted in the development
of a validated test for broad clinical use. Challenges to validation and
adoption include, among others, insufficient method reproducibility,
paucity of validating clinical trials, tumor heterogeneity, and differ-
ential biomarker expression in primary and metastatic sites [12], as
well as insufficiency of single-molecule biomarkers for representation
of complex biological processes.

In contrast, VeriStrat is a true multivariate blood-based test that
measures multiple circulating components representative of the com-
plexity of the host-tumor interaction that underlies the significant
variability in outcomes in NSCLC patients. The test, initially created for
assessing clinical outcome of patients receiving EGFR TKI therapy in
NSCLC, utilizes MALDI ToF mass spectrometry to assign VeriStrat Good
or VeriStrat Poor classifications to serum or plasma samples [13].
VeriStrat was developed by comparing mass spectra from pre-treatment
samples from patients who experienced either long-term stable disease
or early progression on gefitinib therapy (reference set) and identifying
eight features (i.e. peaks), differentiating these two outcome groups.
The algorithm is based on a k-nearest neighbors (kNN) classification
scheme, which evaluates mass spectra from a patient’s sample with
respect to the intensity of eight peaks of those in the reference set. The
peaks are comprised of multiple peptides, including serum amyloid Al
(SAA1)[31]; however, the protein content of VeriStrat signature has not
been fully identified yet.

VeriStrat has been validated in numerous independent studies
which, across various tumor types and treatments, demonstrated that in
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the majority of treatment regimens patients classified as VeriStrat Good
have better outcomes than patients with a VeriStrat Poor classification,
raising the question whether VeriStrat is prognostic independent of
treatment or predictive for relative benefit of one treatment over an-
other [14-21].

The prognostic role of a test can only be truly assessed in the ab-
sence of active treatment, and retrospective analyses of the TOPICAL
[22] and NCIC BR.21 [23] studies, comparing efficacy of erlotinib to
that of best supportive care (BSC), addressed this question, providing
information on the role of VeriStrat in BSC arms. In both trials, in the
absence of active treatment VeriStrat Good patients had better out-
comes than VeriStrat Poor patients with HRs for OS of 0.54 (95%
confidence interval (CI) 0.41-0.73, p-value < .001) in the TOPICAL
and 0.44 (95%CI 0.31-0.63, p-value < .001) in the BR.21 studies
[19,24]. The predictive property of VeriStrat was confirmed in the
prospective phase III PROSE study, which demonstrated that VeriStrat
is both prognostic of overall outcomes and predictive of differential
benefit from single agent chemotherapy versus erlotinib (p-
value = .017 for interaction of treatment with VeriStrat classification in
0S) [25].

In this paper we examine the results of three recently reported
studies where VeriStrat was applied to samples from advanced NSCLC
patients treated with platinum-based chemotherapy in the front line
[26-28]. These studies included well-characterized populations of pa-
tients recruited in the scope of clinical trials, which were treated with
platinum-based chemotherapy, reflecting common clinical practice.

We believe that demonstration of the prognostic role of VeriStrat in
the first line setting has significant clinical utility; it may facilitate
identification of patients who do not receive meaningful benefit from
standard first line chemotherapy regimens, making alternative treat-
ments, including clinical trials, a viable option.

2. Materials and methods
2.1. Trials and participants

Previously presented results for three cohorts of treatment-naive
NSCLC patients (N = 481) receiving platinum-based chemotherapy and
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Fig. 1. Comparison of PFS and OS for patients in VS Good and Poor groups: A, B Italian cohort; C, D eLung cohort; E, F NExUS cohort.

for which plasma or serum samples were collected in a pre-planned
manner in the frame-work of registered clinical trials were summarized
and compared with respect to VeriStrat classification and outcomes.
All patients in the trials provided informed consent and the trials
were approved by the ethics committees of the respective institutions.

2.1.1. NExUS cohort

The NExUS trial was a prospective, randomized phase III study of
gemcitabine (1250 mg/m? on days 1 and 8) plus cisplatin (75 mg/m? on
day 1) in combination with sorafenib (400 mg twice a day) versus
gemcitabine and cisplatin plus placebo, administered until disease
progression or unacceptable toxicity. All patients had stage IIIB or IV
NSCLC and an ECOG PS of 0 or 1 [29]. Baseline plasma samples from
419 of the 722 non-squamous patients were available for the retro-
spective VeriStrat analysis. The results of the original VeriStrat analysis
for both arms of the trial were presented at the ESMO Congress, 2012
[26]; it was shown that VeriStrat Poor patients benefit significantly
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more than VeriStrat Good patients, in terms of PFS, from the addition of
sorafenib to cisplatin and gemcitabine. In this paper we focus on the
role of VeriStrat in the 202 patients treated with cisplatin and gemci-
tabine, because it is an approved standard therapy for NSCLC in first
line.

The trial was registered at ClinicalTrials.gov (NCT00449033).

2.1.2. Italian cohort

The observational Italian study evaluated the role of VeriStrat in
first line treatment of 76 non-squamous NSCLC patients with the
standard platinum-based combination (carboplatin, AUC 5 or cisplatin,
75 mg/m?) with pemetrexed (500 mg/m?) q 21 days, using pre-treat-
ment serum samples [28]. All patients had stage IV disease; the ma-
jority of them had ECOG PS of 0 or 1. The choice between carboplatin
and cisplatin was made by the treating physician based on creatinine
clearance and other clinical characteristics, such as age and co-
morbidities. After four cycles of chemotherapy, eligible patients could
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Table 2
Progression-free and overall survival of NSCLC patients by VeriStrat classification.

Italian NExUS eLung
PFS Median, month
(95% CI)
VeriStrat Good 6.5 (3.9-8.8) 5.7 (5.5-6.9) 5.1 (4.2-5.7)
VeriStrat Poor 1.6 (1.1-2.5) 4.6 (4.1-5.7) 3.6 (2.7-5.3)
HR (95% CI) 0.36 0.51 0.72
(0.22-0.61) (0.37-0.71) (0.53-0.97)
Log-rank p value <.001 <.001 .032

OS  Median, month
(95% CI)
VeriStrat Good

10.8 (7.8-17.7) 14.7 10.9 (9.5-12.9)

(12.5-16.9)
VeriStrat Poor 3.4 (2.4-4.3) 6.3 (5.6-8.1) 6.4 (4.0-9.0)
HR (95% CI) 0.26 0.41 0.51
(0.12-0.55) (0.30-0.58) (0.37-0.71)
Log-rank p value <.001 <.001 <.001

start single-agent maintenance with pemetrexed. The study continues to
recruit patients with squamous histology, who are treated with a
combination of a platinum agent and gemcitabine.

This trial was registered at ClinicalTrials.gov (NCT02055144).

2.1.3. eLung cohort

In the eLung trial, chemotherapy-naive advanced NSCLC patients
were randomized to one of three regimens of platinum doublets: car-
boplatin (AUC 6, day 1) plus paclitaxel (200 mg/m? day 1), or carbo-
platin (AUC 6, day 1) or cisplatin (75mg/m?) plus gemcitabine
(1000 mg/mz, days 1 and 8), or carboplatin (AUC 6, day 1) or cisplatin
(75mg/m?) plus pemetrexed (500 mg/m?, in non-squamous patients)
and concurrent cetuximab (loading dose 400 mg/m? followed by
250 mg/m?), q 21 days, administered for four to six cycles, followed by
cetuximab maintenance (500 mg/mz) q 2 weeks; 206 out of 601 of
these patients had serum available for testing; 203 received VeriStrat
classification. The results for the combined arms were presented at the
ASCO congress, 2013 [27].

The trial was registered at ClinicalTrials.gov (NCT00828841).

2.2. Samples and VeriStrat testing

Plasma or serum samples were collected according to the respective
trial protocols prior to commencement of treatment and stored frozen.
Samples were anonymized and shipped in batches to Biodesix (Boulder,
CO).

VeriStrat testing was carried out on available serum or plasma
samples by Biodesix (Boulder, CO), blinded to all clinical, treatment,
and outcome data. The procedure, equivalent to the commercial
VeriStrat test, is described elsewhere [19].
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2.3. Statistical analysis

For the Italian and eLung cohorts, the VeriStrat classifications were
sent to the respective principal investigators, who unblinded the results
and sent the associated clinical and outcome data to Biodesix for sta-
tistical analyses after having received test results. Statistical analysis for
the NExUS trial was performed by an independent statistician.

Survival analyses were carried out using SAS Enterprise Guide 5.1
(Cary, NC, USA) and GraphPad Prismé6 (La Jolla, CA. USA). Differences
between groups were assessed using log-rank p values in PRISM and
CPH p values in SAS. HRs were calculated using Mantel-Haenszel and
CPH models using PRISM and SAS, respectively; p-values for associa-
tion of categorical variables were calculated by Fisher’s exact test, using
SAS or PRISM. Kaplan-Meier plots were generated using PRISM.
Comparison of age between VeriStrat groups was performed using the
unpaired t-test.

3. Results and discussion
3.1. Cohort characteristics and comparisons

The cohorts of patients treated with platinum-based chemotherapy
had similar proportions of VeriStrat Poor classification (30-34%). The
Italian cohort had a lower prevalence of patients with PS = 0 (versus
PS > 0) than the NExUS cohort (Fisher’s test p-value .010); the dif-
ferences in PS between Italian and eLung cohorts, and between eLung
and NExUS cohorts were not statistically significant (Fisher’s test p-
values .156 and .115, respectively). All patients in the Italian cohort
were diagnosed with stage IV disease, while 11% in the NExUS cohort
and 4% of patients in the eLung cohort had stage IIIB disease; also,
while both Italian and NExUS patients had non-squamous histology,
27% of the eLung patients had squamous disease (Table A.1).

Taken together, the cohorts serve as a broad representation of pa-
tients with advanced NSCLC eligible for platinum-doublet therapy.
Median age and performance status of the patients, along with other
clinical factors, were in-line with commonly reported statistics, and
patients with both squamous and non-squamous histology were re-
presented.

Similarly to previous studies, a higher proportion of VeriStrat Poor
classifications were often associated with known poor prognostic fac-
tors, such as advanced stage, squamous histology, and worse perfor-
mance status (Table 1). However, numerous multivariate analyses of OS
and PFS adjusted for these prognostic factors have previously shown
that VeriStrat is an independent predictor of outcomes [15,16,19,25].

3.2. VeriStrat association with outcomes

Results of comparisons between VeriStrat Good and Poor classifi-
cations are summarized in Fig. 1 and Table 2. VeriStrat Good patients
have significantly better outcomes than VeriStrat Poor patients, with

Fig. 2. Forest plots by VeriStrat classification for PFS
and OS.
4 —_————— . —— . .
eLung eLung VSG, VeriStrat Good; VSP, VeriStrat Poor.
NExUS+ —— NExUS ——
Italian —— Italian 1 +—e——
favors VSG favors VSP favors VSG favors VSP

HR and 95% CI for PFS

HR and 95% CI for OS
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HRs of 0.36 (p < .001), 0.51 (p < .001), and 0.72 (p = .032) for PFS;
HRs for OS between VeriStrat Good and Poor classifications were 0.26
(p < .001), 0.41 (p < .001), and 0.51 (p < .001) in the Italian,
NExUS, and eLung cohorts, respectively. VeriStrat remained statisti-
cally significant in multivariate analyses adjusted for various clinical
characteristics, such as PS, histology, stage, gender and other
(p < .001 for PFS and OS in the Italian study, p < .001 for PFS and OS
in NExUS, and p = .071 (trend) and .007 for PFS and OS, respectively,
in the eLung study, as shown in Table A.2). The magnitude of the
prognostic effect, which was especially pronounced in the Italian co-
hort, is illustrated by the forest plots of HRs in Fig. 2.

Though limited by differences in patient population, regimens, and
treatment after progression, some numerical observations about PFS
and OS in the VeriStrat-stratified groups of patients can be made.
VeriStrat Good patients in the Italian, NExUS and eLung cohorts had
comparable median PFS (6.5, 5.7, and 5.1 months, respectively), while
VeriStrat Poor patients in the Italian cohort had much shorter median
PFS than NExUS and eLung patients (1.6 months versus 4.6 and 3.7
months).

Median OS in VeriStrat Good patients in the Italian and eLung co-
horts was similar (10.8 months and 10.9 months, respectively), and
slightly longer in the NExUS group (14.7 months), but in the VeriStrat
Poor cohorts did not exceed 6.5 months, and in the Italian cohort it was
close to the outcome reported for patients on placebo from the
TOPICAL trial (3.1 months versus 2.9 months [24]). The latter ob-
servation is especially noteworthy when considering that patients in the
TOPICAL trial were elderly and deemed unfit for chemotherapy due to
poor PS or other co-morbidities [22], while the patients in the che-
motherapy studies were younger and had better prognostic character-
istics. These results, if confirmed in a randomized study, could indicate
that for VeriStrat Poor patients, who comprised a significant proportion
(30-35%) of first line NSCLC patients in these cohorts, pemetrexed-
platinum combinations provide no clinical benefit and should be
avoided.

The results, however, do not directly address the issue of whether
VeriStrat in the platinum-based therapy demonstrated purely prog-
nostic or combination of prognostic and predictive properties, which is
directly related to the question of whether it is feasible to overcome the
dismal prognosis of VeriStrat Poor patients. However, promising pre-
liminary data were obtained from the analysis of a small cohort of
patients who were treated with gemcitabine [15] and in the second arm
of the NExUS study, where VeriStrat Poor patients were treated with
cisplatin/gemcitabine plus sorafenib [26]; in both cases, VeriStrat Poor
patients had outcomes similar to those of VeriStrat Good patients, and
the interactions of VeriStrat classifications with the comparative regi-
mens were statistically significant. Further, in the P06162 trial the
addition of the experimental agent ficlatuzumab to gefitinib was shown
to improve outcomes in VeriStrat Poor patients, as compared to gefi-
tinib alone [30]. Predictive properties of VeriStrat were also convin-
cingly demonstrated in the prospective randomized phase III study
PROSE in the second line. Thus, the test is both predictive and prog-
nostic, and while we cannot demonstrate its predictive properties when
patients are treated with similar therapies, as were described here,
other approaches may lead to differential benefit relative to platinum-
based chemotherapy. Since many of these options are not FDA-ap-
proved, a VeriStrat Poor status may identify a subset of patients for
whom clinical trial enrollment and/or using broad molecular profiling
in search of better therapeutic options should be considered.

The results presented here have several limitations: Two out of the
three statistical analyses were undertaken by Biodesix; however, per-
forming of the test blinded to clinical and outcome data and the ability
of the study principal investigators to perform independent analyses of
the data mitigated the risk of bias. Also, a significant proportion of
patients in NExUS and eLung studies did not provide serum or plasma
sample for testing, as is often the case when biomarker evaluation is
added to the study protocol later in the course of a study.
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The biological underpinnings of VeriStrat are not fully understood
yet; it has been shown that some mass spectral peaks detected in
samples classified as VeriStrat Poor strongly correlate with acute phase
reactants such as serum amyloid A 1 (SAA1) [31] and C-reactive protein
(unpublished data), which are known to be poor prognostic factors
[32-34]. SAA, widely known as an acute phase reactant, is an im-
portant pro-inflammatory immunomodulator that induces the secretion
of pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-
a), interleukin-1$ (IL-1f), and interleukin-8 (IL-8); it also acts as a
chemoattractant for human monocytes, neutrophils and T cells, sti-
mulates an M2-like alternative macrophage phenotype, and activates
multiple cancer-related downstream pathways [35-37]. All these ef-
fects on the immune system may have influence on clinical outcomes.
However, SAA1, and its truncated forms, constitute just some of the
components of the VeriStrat peaks, which are likely correlated with
other proteins that have not been identified yet, and no relevant SAA1
concentration cut-off was established for clinical use so far. Further-
more, there are other prognostic factors and molecules, such LDH or
CRP that may be correlated with VeriStrat classification [38,39], but
were not investigated directly in these studies, though it would be in-
formative to include them in the multivariate analyses. However, while
these proteins were shown to be associated with prognosis, no cut-offs
for them were validated independently of the training sets, and there is
no alternative validated test for platinum-based chemotherapy that is
used in broad clinical practice. VeriStrat, to the contrary, was validated
in many independent studies.

Finally, numerical comparison of outcomes is limited by the dif-
ferences between cohorts of patients and their subsequent treatments,
and can be used only in a qualitative sense and as a basis for future
studies. However, the consistency of the results in three independent
cohorts is a strong validation of the applicability of VeriStrat for pla-
tinum-based chemotherapy in first line.

4. Conclusion

The results discussed here may be viewed as a further confirmation
of the prognostic role of the VeriStrat test in NSCLC patients. As such,
VeriStrat may be valuable as an additional stratification parameter in
the design of clinical trials, along with other prognostic factors, such as
performance status, stage, and histology. In clinical practice, a better
understanding of prognosis is critical for making informed treatment
decisions, including enrollment in clinical trials, and is an important
element of the patient-physician discussion of therapy options and best
treatment strategies. This would be especially critical for patients
classified as VeriStrat Poor, including those unfit to receive standard
chemotherapies. Further studies to find treatment alternatives that
improve outcomes for these patients are warranted.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the

online version, at https://doi.org/10.1016/j.lungcan.2017.12.007.
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