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ABSTRACT

Objective To establish the relationship between
trough vedolizumab levels and outcomes during
maintenance therapy.

Design Cross-sectional service evaluation was
performed on patients with inflammatory

bowel disease (IBD) receiving maintenance
vedolizumab therapy (minimum of 12 weeks
following induction). Prior to infusion, data on
clinical activity (Harvey-Bradshaw Index or partial
Mayo score), trough C-reactive protein (CRP)/
vedolizumab levels and faecal calprotectin were
collected. Endoscopic data (+8 weeks from
vedolizumab level testing) were obtained by
review of medical records. Vedolizumab levels
were processed using the Immundiagnostik
monitor ELISA.

Setting The Edinburgh IBD Unit, Western
General Hospital (tertiary IBD referral centre).
Patients Seventy-three patients (30 ulcerative
colitis and 43 Crohn’s disease) were identified
who fulfilled inclusion criteria and had
vedolizumab levels matched with clinical activity
scores, CRP and faecal calprotectin. Of these, 40
patients also had matched endoscopic data.

Main outcome measures The association of
trough vedolizumab levels with clinical remission
(Harvey-Bradshaw Index <5 or partial Mayo <2),
biologic remission (faecal calprotectin <250
ug/g+CRP <5 mg/L) and endoscopic remission
(Mayo score 0/no inflammation and ulceration
on colonoscopy).

Results The median trough vedolizumab levels
were similar between patients in and not in
clinical remission (10.6 vs 9.9 pg/mL, p=0.54);
biologic remission (10.6 vs 9.8 pg/mL, p=0.35) and
endoscopic remission (8.1 vs 10.2 yg/mL, p=0.21).
Quartile analysis revealed no significant increase

What is already known about this

subject?

» Therapeutic drug monitoring (TDM) is
now standard of care when prescribing
anti-tumour necrosis factor treatment for
inflammatory bowel disease (IBD).

» The role of TDM in the context of
vedolizumab therapy remains unclear.
Some initial studies have shown
associations of post-induction levels
with long-term outcomes; however, data
ascertaining the utility of vedolizumab
TDM during maintenance therapy is
limited.

What are new findings?

» In our cohort of vedolizumab-treated
patients, trough vedolizumab levels during
maintenance therapy for IBD were not
associated with clinical, biological or
endoscopic outcomes.

How might it impact on clinical

practice in the foreseeable future?

» Further data are required to establish the
clinical utility of vedolizumab TDM during
maintenance therapy prior to its use in
routine clinical practice.

in the proportion of patients in clinical remission,
biologic remission or endoscopic remission with
increasing trough vedolizumab levels (p<0.05).
Conclusions In this cohort, trough vedolizumab
levels were not associated with clinical, biological
or endoscopic outcomes during maintenance
therapy.
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INTRODUCTION

Vedolizumab is the first gut selective biologic agent
licensed for the treatment of moderate to severe
inflammatory bowel disease (IBD).!? Its mechanism
of action is via blockade of a4b7-integrin on memory
T cells, thus preventing binding to mucosal vascular
addressin cell adhesion molecule 1 (MADCAMI)
receptors and migration into the gut.> A number of
studies have shown that vedolizumab is an effective
induction and maintenance treatment for patients
with Crohn’s disease (CD) and ulcerative colitis (UC).*
However, as is the case with anti-tumour necrosis factor
(TNF) agents, a number of patients will not respond or
lose response with time.” Studies of anti-TNF agents
have demonstrated that non-response may be due to
sub-therapeutic drug levels.” Furthermore, higher
circulating anti-TNF levels have been associated with
improved outcomes.® ” Therefore, therapeutic drug
monitoring (TDM) has become standard clinical prac-
tice in order to help monitor and optimise anti-TNF
therapy.® In contrast, limited data exist on the utility of
TDM in the context of vedolizumab treatment.

In the original GEMINI trials, an exposure response
relationship was demonstrated for both UC and CD."'?
In both GEMINI 1 and 2, patients with UC and CD
with week 6 vedolizumab levels in the highest quartile
had higher rates of clinical response and remission at
week 6 compared to patients with levels in the lowest
quartile." # Similar observations were made during
maintenance therapy at week 52. However, no analysis
was carried out to determine whether the differences
were statistically significant. Furthermore, in the era of
treating beyond symptoms, data is lacking on associa-
tions of vedolizumab levels with mucosal healing (MH)
or normalisation of biomarkers like faecal calprotectin
(FC). This study, therefore, aimed to establish the rela-
tionship between trough serum vedolizumab levels
and objective clinical outcomes during maintenance
therapy.

MATERIALS AND METHODS

Patients and design

This was a single-centre cross-sectional service eval-
uation. Adult patients (>16 years) on vedolizumab
therapy were identified from our hospitals infusion
suite records. Inclusion criteria were a diagnosis of
IBD (based on standard clinical, radiological, endo-
scopic and histological criteria), minimum of 12 weeks
vedolizumab therapy following standard induction of
300 mg at week 0, 2, 6, £10 and no steroid use in the
preceding 4 weeks. Immediately prior to patients’ next
vedolizumab infusion, disease activity score (Harvey-
Bradshaw Index (HBI) or partial Mayo score) was
calculated; serum for routine biochemistry including
CRP and trough vedolizumab levels were obtained and
a stool sample for FC requested as part of routine clin-
ical care. All samples were collected proactively irre-
spective of disease activity. Endoscopic data (=8 weeks

from vedolizumab level collection) was obtained via
review of endoscopy records. Patient demographics
and disease characteristics were obtained following
review of electronic medical health records (TrakCare).
The primary outcome was the association of trough
vedolizumab levels with clinical remission (HBI <$§
or partial Mayo<2) and biologic remission (CRP <5
mg/L plus FC <250 pg/g). The definition for biologic
remission was selected as it has been shown to corre-
late with mucosal healing.” ' Secondary outcomes
were the association of trough vedolizumab levels with
endoscopic remission (Mayo score 0 or no inflamma-
tion/ulceration on colonoscopy), deep remission (clin-
ical plus endoscopic remission) and discontinuation of
treatment. In patients who had more than one sample
for vedolizumab levels, only matched results at the first
TDM sample were used when assessing associations so
that clinicians were blinded to test results.

FC assay

Stool collection kits with instructions were given to
patients at their infusion. Patients were advised to
collect a sample from their first bowel motion of the
day and return samples within 24 hours of collection.
On arrival to the laboratories, samples were stored
at —20°C. A standard ELISA technique (Calpro AS,
Norway) was used to measure FC. All assays were
performed in the Department of Clinical Biochemistry
at the Western General Hospital, Edinburgh which
now performs over 4000 assays per year.

Vedolizumab drug assay

Vedolizumab drug levels were processed at the Exeter
Hospital Laboratories, UK, using the Immundiagnostik
monitor ELISA as per manufacturer’s protocol. Drug
levels were expressed in pug/mL.

Statistical analysis

SPSS V.24 (IBM, Chicago, Illinois, USA) and Prism
V.7.0 (Graphpad Software, San Diego, California,
USA) were used for statistical analyses and genera-
tion of graphs. Descriptive statistics are presented
as medians with IQR for continuous variables and
frequencies with percentages for categorical variables.
Spearman’s correlation analysis was used to assess the
association between vedolizumab levels and albumin.
For non-parametric continuous and categorical vari-
ables, the Mann-Whitney and x> test were used,
respectively. Receiver operator characteristic (ROC)
curves were generated to assess the predictive ability
of vedolizumab levels. Vedolizumab levels were also
categorised into quartiles and rates of remission were
compared across quartiles using the > test of trend.
Raw and false discovery rate (FDR) corrected p values
(Benjamini-Hochberg test) were reported for multiple
comparisons. A p value of <0.05 was considered
significant for all statistical tests.
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Table 1 Patient demographics and clinical characteristics
of entire cohort at time of therapeutic drug monitoring for
vedolizumab

Table 2 Patient demographics and clinical characteristics of
cohort separated by disease subtype at time of therapeutic drug
monitoring for vedolizumab

n=73

Median age, years (IQR) 35.6 (28.9-56.4)
Male gender, n (%) 39(53.4)
Median disease duration, years (IQR) 12.0 (7.0-18.9)
Diagnosis of CD, n (%) 43 (58.9)
Active smoking, n (%) 8(11.0)
Previous anti-TNF exposure, n (%) 40 (54.8)
Concomitant immunomodulator, n (%) 15 (20.5)
Median duration on vedolizumab, years (IQR) 1.6 (0.8-2.2)
Dosing regimen, n (%)

8 weekly 59 (80.8)

4 weekly 14(19.2)

Median trough vedolizumab level, pg/mL (IQR)
Median BMI (IQR)

Median albumin, g/dL (IQR)

Median CRP, mg/L (IQR) 4.0 (2.0-8.3)
Median FC, pg/g (IQR) 182.0 (54.0-569.0)

BMI, body mass index; CRP, C-reactive protein; FC, faecal calprotectin;
TNF, tumour necrosis factor.

10.6 (7.9-16.1)
25.4(22.5-29.7)
36.0 (34.0-38.0)

Ethics

Following local review, this study was considered a
service evaluation by the local scientific officer there-
fore formal ethical approval was not required as per
departmental policy and Health Research Authority
guidance. Caldicott Guardian (NHS Lothian) approval
was granted for anonymised patient data collection,
analysis and submission for publication without the
need for formal written consent (date: 27 September
18, application ID: 18100).

RESULTS

Study population

A total of 110 patients were identified as receiving
vedolizumab for the treatment of IBD. Of these, 73
patients (CD, n=43 and UC, n=30) fulfilled our inclu-
sion criteria and had matched samples obtained. Patient
demographics and clinical characteristics are shown in
tables 1 and 2. The median age of the cohort was 35.6
years (IQR 28.9-56.4) with a median disease duration
of 12.0 years (IQR 7.0-18.9). The median duration of
vedolizumab therapy was 1.6 years (IQR 0.8-2.2) with
20.5% of the cohort receiving a concomitant immuno-
modulator IMM).

Vedolizumab trough levels

The majority of patients had detectable levels (n=71/73,
97.3%) with a median trough vedolizumab level of 10.6
pg/mL (IQR 7.9-16.1). No significant difference was
observed in median levels between patients with UC and
CD (11.1 pg/mL vs 10.4 pg/mL, p=0.55). Individuals on
4-weekly therapy had significantly higher median levels
than those on 8 weekly (16.1 pg/mL vs 10.4 pg/mL,
p=0.02). A statistically significant but weak correlation

Crohn’s disease Ulcerative colitis

(n=43) (n=30)

Median age, years (IQR) 31.5 (24.5-59.8) 39.9(31.7-55.5)
Male gender, n (%) 19 (44.2) 20 (66.7)
Median disease 12.9 (7.0-27.7) 9.5(7.0-18.2)
duration, years (IQR)

Montreal behaviour/distribution, n (%)

L1 12 (27.9) -

L2 6 (14.0) -

L3 25 (58.1) -

B1 20 (46.5) -

B2 17 (39.5) -

B3 6 (14.0) -

+Perianal disease 6(14.0) -

Montreal extent, n (%)

E1 - 3(10.0)

E2 - 9(30.0)

E3 - 18 (60.0)
Active smoking, n (%)  5(11.6) 3(10)
Previous anti-TNF 30 (69.8) 10 (33.3)
exposure, n (%)

Concomitant 8(18.6) 7(23.3)
immunomodulator, n

(%)

Median duration on 1.4 (0.8-2.3) 1.6 (0.7-2.2)
vedolizumab, years (IQR)

4-weekly dosing, n (%) 9 (20.9) 5(16.7)

Median BMI (IQR) 24.9(22.1-29.1) 26.3 (22.7-30.9)
Median HBI/partial 3(1-5) 0(0-1)

Mayo (IQR)

Median albumin, g/dL ~ 35.0 (33.0-38.0) 37.0 (34.8-39.0)
(IQR)

Median CRP, mg/L (IQR) 3.0 (1.0-8.0) 3.0 (1.0-4.3)
Median FC, pg/g (IQR)  95.0 (38.0-422.0) 43.5 (20.0-594.0)

BMI, body mass index; CRP, C-reactive protein; FC, faecal calprotectin;
HBI, Harvey-Bradshaw Index; TNF, tumour necrosis factor.

was observed between vedolizumab levels and albumin
(Spearman’s r=0.25, p=0.03) (figure 1). There was no
difference in median levels between patients receiving
concomitant IMM (8.2 vs 11.2 ug/mL, p=0.07) or in
patients receiving first-line treatment (10.6 pg/mL vs
10.6 pg/mL, p=0.84).

Associations of vedolizumab trough levels with clinical
outcomes

Clinical remission was present in 78.1% (n=57/73)
of the cohort. There was no difference observed in
median trough vedolizumab levels between patients
in and not in clinical remission (10.6 vs 9.9 pg/mlL,
p=0.54) (figure 2). ROC analysis revealed an area
under the curve (AUC) of 0.55 (95%CI 0.37 to 0.73,
p=0.54) for predicting clinical remission. Quar-
tile analysis also revealed no significant association
between higher vedolizumab levels and rates of clinical
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Figure 1 Correlation between trough vedolizumab levels and
albumin levels.

remission (figure 3). Subgroup analysis, separating
patients with CD and UC, again revealed no signifi-
cant association between vedolizumab levels and clin-
ical remission (table 3).

After correcting for multiple comparisons, the only
significant difference between patients in clinical
remission versus those not in clinical remission was
a lower rate of 4-weekly dosing (supplementary table
1). Considering the significantly higher trough vedoli-
zumab levels, as well as the lower clinical remission rates
observed in those on 4-weekly dosing, we performed a
subanalysis omitting these patients (n=14). However,
this again did not result in any significant association
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Figure 2 Association of trough vedolizumab levels with (A) clinical
remission (Harvey-Bradshaw Index<5/partial Mayo score <2); (B)
biologic remission (C-reactive protein <5 mg/L plus faecal calprotectin
<250 pg/g); (C) endoscopic remission (Mayo score 0/absence of
inflammation and ulceration) and (D) deep remission (clinical remission
plus endoscopic remission). Violin plots show median (solid line), IQR
(dotted line), maximum and minimum.
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Figure 3  Associations between quartile trough vedolizumab levels
and proportion of patients in (A) clinical remission (Harvey-Bradshaw
Index<5/partial Mayo<2); (B) biologic remission (C-reactive protein
<5 mg/L plus faecal calprotectin <250 pg/g); (C) endoscopic remission
(Mayo score 0/absence of inflammation and ulceration) and (D) deep
remission (clinical remission plus endoscopic remission).

between levels and clinical outcomes (supplementary
figure 1)

Association of vedolizumab trough levels with biologic
remission
Biologic remission was present in 54.8% (n=40/73) of
the cohort. There was no difference observed in median
trough vedolizumab levels between patients in and not
in biologic remission (10.6 vs 9.8 pg/mL, p=0.35)
(figure 2). ROC analysis revealed an AUC of 0.56
(95%CI 0.43 to 0.70, p=0.35) for predicting biologic
remission. Quartile analysis also revealed no signifi-
cant association between higher vedolizumab levels
and rates of biologic remission (figure 3). Reducing the
FC level to <150 pg/g and <50 pg/g again resulted
in no significant difference in vedolizumab levels in
patients achieving the cut-offs (supplementary figure
2). Subgroup analysis, separating patients with CD and
UC, again revealed no significant association between
vedolizumab levels and biologic remission (table 3).
After correction for multiple comparisons, we found
that patients in biologic remission had significantly
lower levels of albumin and a lower rate of 4-weekly
dosing versus those not in biologic remission (supple-
mentary table 2). Considering the higher trough vedol-
izumab levels as well as the lower biologic remission
rates in those on 4-weekly treatment, we performed a
subanalysis omitting these patients (n=14). However,
this again did not result in any significant association
between levels and biologic remission (supplementary
figure 1).

Association of vedolizumab trough levels with
endoscopic and deep remission

A total of 40 patients had endoscopic data available
+8 weeks from vedolizumab level testing. Endoscopic
remission and deep remission were present in 35.0%
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Table 3 Associations of trough vedolizumab levels with outcomes stratified by disease subtype

Vedolizumab levels in Crohn’s disease Yes
Clinical remission (median, IQR)
Biologic remission (median, IQR)
Endoscopic remission (median, 1QR)
Deep remission (median, IQR)
Vedolizumab levels in ulcerative colitis Yes

Clinical remission (median, IQR) 12.1pg/mL (8.6—
Biologic remission (median, IQR) 13.1pg/mL (9.1-
Endoscopic remission (median, IQR)
Deep remission (median, IQR)

6.5ug/mL (4.1-11.3)

7.8ug/mL (6.7-16.8)

10.6 pg/mL (7.5-16.2)
10.5pg/mL (7.9-15.5)

10.4pg/mL (4.4-13.9)

10.7 pg/mL (6.8-16. 4)

n No n  Pvalue
31 9.9ug/mL (5.4-20.6) 12 0.85
22 9.8g/mlL (6.5-18.5) 21 0.99
6 9.9ug/mL (8.1-13.3) 16 0.13
3 8.9g/mL (7.9-13.2) 19  0.99
n No n P value
26 8.5ug/mL (5.0-38.7) 4 050
18 9.5ug/mL (6.2-15.2) 12 0.14
8 10.6 pg/mL (8.2-15.8) 10 0.88
7 10.8 ug/mL (8.7-15.5) 11 0.64

(n=14/40) and 25.0% (n=10/40) of patients, respec-
tively. There was no difference observed in median
trough vedolizumab levels between patients in and not
in endoscopic remission (8.1 vs 10.2 pg/mL, p=0.21),
as well as those in and not in deep remission (9.1 vs
9.9 ng/mL, p=0.66) (figure 2). ROC analysis revealed
an AUC of 0.62 (95%CI 0.42 to 0.83, p=0.21) and
0.55 (95%CI 0.32 to 0.78, p=0.65) for predicting
endoscopic and deep remission, respectively. Quar-
tile analysis also revealed no significant association
between higher vedolizumab levels and rates of endo-
scopic remission as well as deep remission (figure 3).
Subgroup analysis, separating patients with CD and
UC, again revealed no significant association between
vedolizumab levels and endoscopic outcomes (table 3).

After correction for multiple comparisons, rates of
biologic remission were significantly higher in patients
in endoscopic remission/deep remission versus those
who were not (supplementary tables 3 and 4). Again,
we performed a subanalysis omitting patients on
4-weekly dosing (n=9), but this did not result in any
significant association between levels and endoscopic
outcomes (supplementary figure 1).

Association of vedolizumab trough levels with
discontinuation of treatment

At 6 months post-vedolizumab level testing, 82.2%
(n=60/73) remained on vedolizumab treatment.
Reasons for discontinuation included: treatment failure
(n=11), arthralgia (n=1) and pregnancy (n=1). Vedol-
izumab trough levels were similar between patients
who discontinued therapy due to treatment failure and
those who continued (data not shown).

DISCUSSION

Here we present data from a cross-sectional cohort of
vedolizumab-treated IBD patients, showing no clear
association between maintenance vedolizumab trough
levels and clinical, biological as well as endoscopic
outcomes. To our knowledge, this is the only published
study assessing the relationship of vedolizumab levels
with faecal calprotectin and adds to the evidence that
the utility of TDM during maintenance vedolizumab
remains unclear.

From the studies published to date, post-induction
vedolizumab levels appear to show the strongest
association with outcomes."’™ In a multicentre
prospective observational study from France, a week
6 vedolizumab level of <18.5 pg/mL was shown to
predict the need for dose escalation within 6 months
of treatment.'" The same group also showed that week
6 levels could differentiate those with and without MH
at week 52 (MH 26.8 ug/mL vs no MH, 15.1 pg/mL,
p=0.035), with an optimum week 6 level of >18.0 pg/
mL identified.'* Furthermore, Waljee et al showed a
machine learning algorithm that incorporated week 6
levels was able to accurately predict steroid-free endo-
scopic remission at week 52." In contrast, the associa-
tion between vedolizumab levels and outcomes during
maintenance treatment remains unclear.

In our cohort, trough vedolizumab levels were
similar in patients who were in clinical remission (HBI
<5 or partial Mayo <2)/biologic remission (CRP
<5 mg/L plus FC <250 pg/g) versus those who were
not (figure 2, table 2). In addition, quartile analysis
revealed no association between higher levels and
outcomes (figure 3). Using a combination of CRP
<5 mg/L plus FC <250 pg/g as a proxy for mucosal
healing, our data would suggest no clear association
between maintenance trough vedolizumab levels and
mucosal outcomes. Furthermore, even reducing the
cut-off to <150 ug/g and <50 pg/g still revealed no
association (supplementary figure 2). This was further
supported by our subanalysis of patients with endo-
scopic data available (figure 2, table 2). This data is
in keeping with the recent study by Al-Bawardy et al
that looked at 171 patients with IBD and showed no
association between vedolizumab levels and clinical
remission or mucosal healing."

Within our cohort, we did observe higher trough
vedolizumab levels in those on 4-weekly treatment (4
weekly, 16.1 ug/mL vs 8 weekly, 10.4 pg/mL, p=0.02).
Furthermore, patients receiving 4-weekly vedolizumab
were less likely to be in clinical or biologic remission
(supplementary tables 1 and 2). This may have intro-
duced bias, as this group of patients may represent
those with more severe disease less likely to respond.
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However, even when these patients were omitted from
our analysis, there continued to be no clear association
between levels and outcomes (supplementary figure 1).

In contrast to our findings, Unagro et al recently
reported significantly higher maintenance trough
vedolizumab levels in patients with steroid-free clin-
ical remission (defined by CRP <5 mg/L plus HBI
<5/partial Mayo score <1) as well as in patients with
steroid-free endoscopic remission.'® However, when
the cohort was separated by disease type, the asso-
ciation of vedolizumab levels with clinical remission
was not significant in CD and conversely the associa-
tion with endoscopic remission was not significant in
patients with UC. Furthermore, ROC analysis revealed
the test quality of vedolizumab levels was only ‘satis-
factory’ with an AUC of 0.62 and 0.67 for predicting
clinical remission and endoscopic remission, respec-
tively. Similarly, in a study from Leuven, vedolizumab
trough levels of >14.0 pg/mL during maintenance
therapy were associated with a higher probability of
endoscopic remission.'”” Although, no analysis was
performed to determine whether this cut-off was inde-
pendent of other confounders.

One reason that may have contributed to the lack of
association observed between vedolizumab levels and
outcomes is the fact that a vedolizumab level of only
3 pg/mL has been shown to result in almost complete
saturation of a4b7 on peripheral blood T-cells."*
Another reason could be the delayed onset of action
of vedolizumab. In many studies of efficacy, maximum
benefit was observed after 6 months of treatment.”
This may explain why, for example, post-induction
levels have been shown to correlate with outcomes at
1 year, while cross-sectional analysis at a fixed time
point shows no association. However, in our cohort,
median duration of vedolizumab treatment was rela-
tively long at 1.6 years (IQR 0.8-2.2). Furthermore,
in the study by Al-Bawardy et al, they performed a
subgroup analysis on patients who had vedolizumab
levels checked after at least 6 months of treatment and
still showed no significant association between levels
and mucosal healing.’

Interestingly, we found a significant correlation
between vedolizumab levels and albumin (figure 1).
Initial pharmacokinetic studies have shown that
vedolizumab clearance is higher at extremes of
albumin.”® In the context of anti-TNF therapy,
albumin has been shown to be a significant predictor
of response to treatment, an observation thought to
be partly mediated via its effect on circulating drug
levels.”” Whether this is the case for vedolizumab
remains unclear. In our analysis, we did observe
lower albumin levels in those not in biologic remis-
sion. Considering this observation, as well as the
positive correlation between albumin and vedoli-
zumab levels, lower circulating vedolizumab levels
may partly contribute towards lack of response but
do not appear to be independently associated.

One of the main limitations of our study was that
we were unable to assess for immunogenicity due to
the unavailability of a commercial antibody assay.
However, many studies have reported that immu-
nogenicity rates with vedolizumab are low. In the
GEMINI-1 and GEMINI-2 trials, approximately 4%
of patients were antibody positive at any time point
with only 1% reported as having persistently positive
antibodies.! * Therefore, immunogenicity is likely less
of a concern with vedolizumab treatment. Further
limitations include the cross-sectional nature of our
study. Analysis is based on a single time point during
maintenance therapy and therefore only associations
can be made. Furthermore, only a subset of our cohort
had endoscopic data available at time of vedolizumab
level testing. However, FC in combination with
CRP has been shown to correlate well with mucosal
healing.” '° Finally, as this was a service evaluation, our
sample size was limited and therefore may have been
underpowered to detect differences.

In conclusion, we have shown that in our IBD cohort,
trough vedolizumab levels are not associated with clin-
ical, biological or endoscopic outcomes during main-
tenance treatment. Further prospective studies are
required to establish the true utility of vedolizumab
TDM in the context of maintenance therapy in IBD.

Twitter @PlevrisN
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