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Background  & aims:  Colonoscopy  requires  bowel  cleansing  for gut  mucosa  visualization;  high-quality
cleansing  facilitates  lesion  detection.  NER1006  is a 1L  polyethylene  glycol  (PEG)  bowel  preparation.  This
post  hoc  analysis  of  two  randomized  trials  investigated  cleansing  efficacy  assessed,  as  in  clinical  practice,
by  site  endoscopists.
Methods:  Patients  received  NER1006,  2L  PEG  + ascorbate  (2LPEG),  or oral  sulfate  solution  (OSS)  as  a  2-
day  evening/morning  regimen  (N2D)  or  NER1006  morning-only  dosing  (N1D).  Treatment-blinded  site
endoscopists  assessed  cleansing  using  the Harefield  Cleansing  Scale  (HCS).  Analyses  were  conducted  in
a  modified  full analysis  set,  including  (mFAS;  n  = 1378)  or excluding  (mFAS2;  n  =  1319)  imputed  fail-
ures,  and in  patients  with 100%  treatment  adherence  (mFAS100;  n  = 1047).  Overall  cleansing  success
(HCS  grade  A/B),  overall  high-quality  cleansing  (HCS  grade  A),  and  high-quality  segments  (HCS  3–4)  per
treatment  population  were  analyzed.
Results:  Overall  cleansing  success  was  higher  with  N2D  than  2LPEG  (92.7–97.5%  vs. 87.9–93.0%),  and  more
patients  had  overall  high-quality  cleansing  with  N2D  and  N1D  than  2LPEG  (68.0–72.1%  and  64.0–68.4%
vs.  50.7–56.0%).  Without  imputed  failures,  N2D  delivered  more  overall  high-quality  cleansing  than  OSS

(74.5–77.3%  vs.  67.8–69.8%).  More  high-quality  segments  were  demonstrated  with  N2D  and  N1D  versus
2  LPEG  (82.5–87.1%  and  79.4–84.4%  vs.  70.4–76.3%)  and  with  N2D  versus  OSS  (82.7–89.5%  vs. 78.1–84.4%).
Conclusion: When  assessed  by  site  endoscopists,  NER1006  delivers  greater  high-quality  cleansing  than
2LPEG  or  OSS.

© 2019  The  Authors.  Published  by  Elsevier  Ltd on  behalf  of  Editrice  Gastroenterologica  Italiana  S.r.l.
This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
. Introduction
Colonoscopy for colorectal cancer (CRC) screening reduces CRC
ncidence and mortality and has been widely adopted as a means
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to reduce morbidity and mortality from CRC [1–3]. To ensure that
pre-cancerous and cancerous lesions can be detected, full visu-
alization of the colonic mucosa during colonoscopy is required.
This depends on effective pre-procedural bowel preparation [4–7].
Bowel preparations typically balance cleansing efficacy and toler-
ability by volume adjustment; high volume has historically been

considered most effective; however, it can be difficult to tolerate
for some patients. An additional selection criterion for bowel prepa-
rations includes safeguarding the patient’s nutritional status. The
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ime period for the overall bowel preparation process often requires
ietary control and fasting, which can be harmful to frail patients
8]. Preference should, therefore, be given to effective cleansers that

inimize fasting periods [8].
The US Multi-Society Task Force recognizes that efficacy is of pri-

ary importance and recommends a benchmark of 85% adequate
owel preparation [9]. The European Society for Gastrointestinal
ndoscopy recommends a minimum of ≥90% and a target of ≥95%
dequate bowel preparation for colonoscopies [10]. No guidelines
ddress high-quality cleansing, but a growing body of evidence
ow suggests that adenoma detection rates are associated with CRC
ates and that detection of polyps, adenomas, and sessile or serrated
olyps may  increase with high-quality colon cleansing [6,11–17].

The Harefield Cleansing Scale (HCS) is a validated scale for bowel
leansing assessment [18]. Successful bowel preparation means
hat the least clean segment has, at most, only residual opaque liq-
id or semi-solid stool left that is fully removable with appropriate
uction (score 2) [18]. Bowel preparation that results in visualiza-
ion of the mucosal surface after appropriate suction is deemed
dequate for the detection of adenomas and advanced adenomas
5,10]. The HCS includes two high-quality segmental cleansing
cores, achievable only if no washing is required: score 3, which
llows for clear liquid to be present, and score 4, which requires an
mpty and clean colon segment.

Switching to a better bowel preparation remains perhaps the
asiest measure to undertake for rapid quality improvements in
olonoscopy. NER1006 (PLENVU®, a registered trademark of the
orgine group of companies) is the first 1L polyethylene glycol

PEG) bowel preparation. It was recently approved in Europe and
he USA. The low reconstituted volume of NER1006 is achieved by
ncreasing the ascorbate components, relative to previous 2L PEG
nd ascorbate (2LPEG) preparations, and delivering them in the
econd dose only. The efficacy and safety of NER1006 were estab-
ished in three Phase III clinical trials. Cleansing was  assessed by
ite colonoscopists and treatment-blinded central readers using the
CS (assessors were trained on HCS scoring before the clinical trials
egan). Primary efficacy endpoints were based on the central read-
rs’ scores, thereby minimizing inter-reader assessment variability
19–22]. However, in real-world clinical practice, site endoscopists
ssess the level of bowel cleansing before making clinical decisions.

This post hoc analysis of two of the three NER1006 Phase III trials
as conducted to examine the rates of successful and high-quality

leansing on the HCS, as scored by the treatment-blinded site
ndoscopists. This analysis better reflects the real-world cleans-
ng performance of NER1006 versus current alternatives such as
LPEG (MOVIPREP®, Norgine Ltd, Harefield, UK; assessed in the
ORA trial) and oral sulfate solution (OSS; SUPREP®, Braintree Lab-

ratories, Braintree, MA,  USA; assessed in the NOCT trial). These
wo comparators are both widely used and known for their high
leansing efficacy [23–27]. For a robust assessment of compar-
tive cleansing efficacy, three complementary efficacy measures
ere analyzed: first, the patient-level rates of standard HCS over-

ll colon cleansing success; then, the patient-level rate of overall
igh-quality cleansing; finally, the rate of segments cleansed at
igh-quality across the patient population (‘population-level’).

. Methods

.1. Patients

Patients included in the MORA and NOCT trials were males and

emales aged 18–85 years who required a screening, surveillance,
r diagnostic colonoscopy. Inclusion and exclusion criteria were
ear-identical across the trials and have been described previously
19,20]. The only difference was in the MORA trial in which patients
isease 51 (2019) 1671–1677

with up to moderate renal insufficiency were permitted to partic-
ipate due to the established safety of the PEG-based comparator
product in such patients [23].

To facilitate comparisons with published primary trial results,
the efficacy endpoints were first analyzed in the original primary
analysis set called the modified full analysis set (mFAS), using the
site endoscopists’ HCS scores, as opposed to central readers. The
mFAS included all randomized patients except those who failed to
meet the eligibility criteria and also did not receive any study drug
according to their patient diary. The second analysis was  performed
in a subset of the mFAS, the mFAS2, in patients with documented
HCS grades (i.e., excluding patients with missing colonoscopy data
who were imputed as failures). The mFAS2 reflects cleansing per-
formance as seen by endoscopists in the clinic by only including
patients who actually underwent a colonoscopy with bowel cleans-
ing assessment. Thirdly, the efficacy analysis was  refined in a
further subset of mFAS patients, the mFAS100, with self-reported
100% treatment adherence (i.e., they took both bowel preparation
doses and all additional clear fluids). These patients also had fully
documented segmental HCS scores. As per the label, additional
clear fluid intake was  mandatory for NER1006 and OSS and strongly
recommended for 2LPEG.

2.2. Study designs

The two  trials were Phase III, multicenter, randomized,
endoscopist- and central reader-blinded, actively controlled trials
conducted in Europe and the US (MORA: NCT02273167; NOCT:
NCT02254486) [19,20]. All patients provided written informed
consent. In the MORA study, a total of 849 patients were ran-
domly assigned in a 1:1:1 ratio to receive: (i) NER1006 as an
evening/morning split-dosing regimen (N2D); (ii) NER1006 as a
morning-only dosing regimen (N1D); (iii) 2LPEG administered as an
evening/morning split-dosing regimen [20]. In NOCT, 621 patients
were randomly assigned in a 1:1 ratio to receive either NER1006
or OSS, each administered as an evening/morning split-dosing regi-
men. The comparators were administered as per their labels: 2LPEG
allowed for meals, including light dinner, on the day before the
colonoscopy, but OSS permitted only breakfast the day prior to the
procedure. Both NER1006 regimens permitted light breakfast and
light lunch, and N1D permitted a light dinner.

2.3. Assessments

The HCS was used for efficacy endpoint assessments and post
hoc analyses (Supplementary Table S1). Overall successful cleans-
ing is an HCS grade of A or B, with all segments at a score 2 or higher
on the HCS segmental score scale 0–4. High-quality, grade A on the
HCS, requires all segments to be scored as 3 or 4. A failure is defined
as an HCS grade C or D. In these post hoc analyses, the treatment-
blinded site endoscopists’ HCS scores were analyzed to determine
first the rate of overall successful cleansing, and then the overall
rate of high-quality cleansing achieved in the respective patient
treatment groups. A further measure of high-quality cleansing was
also analyzed: the rate of achievement of high-quality cleansing
(HCS segmental score 3 or 4) at the segment population level. Each
of these three endpoints was assessed in the mFAS, mFAS2, and
mFAS100 for each study.

2.4. Statistics

All authors had access to the study data and have reviewed

and approved the final manuscript. All analyses were carried out
using the statistical package R v3.4.2 (The R Foundation, 2015). For
each trial, patient- and segment-level data were extracted, and site
endoscopists’ HCS grades/scores were documented, according to
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Table  1
Patient characteristics in mFAS100.

MORA NOCT

N2D N1D 2LPEG N2D OSS

Patients, N 204 193 200 225 225
Sex,  n (%) *

F 115 (56.4) 100 (51.8) 89 (44.5) 107 (47.6) 90 (40.0)
M  89 (43.6) 93 (48.2) 111 (55.5) 118 (52.4) 135 (60.0)
Age  group, n (%) *

≤65 152 (74.5) 148 (76.7) 167 (83.5) 187 (83.1) 183 (81.3)
>65  52 (25.5) 45 (23.3) 33 (16.5) 38 (16.9) 42 (18.7)
Race,  n (%) *

White or Caucasian 200 (98.0) 192 (99.5) 198 (99.0) 189 (84.0) 183 (81.3)
Black  3 (1.47) 1 (0.52) 0 (0) 30 (13.3) 22 (9.78)
Asian  0 (0) 0 (0) 2 (1.0) 6 (2.67) 15 (6.67)
Other  1 (0.49) 0 (0) 0 (0) 0 (0) 5 (2.22)
BMI,  N: 203 193 198 225 225
Missing, n (%) 1 (0.49) 0 (0) 2 (1.0) – –
Mean (SD), (kg/m2) 27.1 (4.63) 27.1 (4.20) 26.4 (4.0) 29.6 (5.51) 29.8 (6.21)
Colonoscopy indication, n (%)
Screening 99 (48.5) 99 (51.3) 98 (49.0) 134 (59.6) 139 (61.8)
Surveillance 49 (24.0) 33 (17.1) 40 (20.0) 64 (28.4) 63 (28.0)
Diagnostic 56 (27.5) 61 (31.6) 62 (31.0) 27 (12.0) 23 (10.2)
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2D: 2-day evening/morning NER1006 regimen, N1D: morning-only NER1006 regi
* The P value was <0.05 for NER1006 versus the comparator.

reatment group. The proportion of patients with overall successful
r high-quality cleansing was calculated from documented overall
CS grades. The proportion of high-quality segments was calcu-

ated from documented segmental HCS scores. P values comparing
ER1006 to the comparator bowel preparation were estimated
sing the one-sided Student’s t-test. This test was  also used to
ssess high-quality cleansing superiority of NER1006 versus com-
arator in patients with an overall cleansing failure. Cleansing
uccess rates are reported as percentages. Missing overall efficacy
ata were conservatively imputed as failures in mFAS, and excluded

n both mFAS2 and mFAS100. Missing segmental HCS scores were
xcluded in mFAS100.

. Results

.1. Patient characteristics and disposition

The baseline characteristics for the full analysis sets in the
ORA and NOCT trials have been reported previously [19,20]. Base-

ine characteristics for the mFAS100 are presented in Table 1 and
or the mFAS and mFAS2 in Supplementary Tables S2 and S3. In
ummary, baseline characteristics were comparable between the
roups across the analysis populations, with the exception of N2D
aving 10.0–11.9% fewer men  and 9.0–9.3% more elderly patients
han 2LPEG in MORA. There were also minor imbalances in BMI
nd race between N2D and the comparators in MORA and NOCT,
espectively, in mFAS2 and mFAS100. Patient disposition is pre-
ented in Fig. 1. The MORA trial mFAS100/mFAS ratios were 74%
204/275), 70% (193/275), and 74% (200/272) for N2D, N1D, and
LPEG, respectively. In NOCT, the mFAS100/mFAS ratios were 82%
225/276) for N2D and 80% (225/280) for OSS.

.2. Overall bowel cleansing success

The rates of endoscopist-assessed successful overall bowel
leansing across treatment groups and analysis sets are presented
n Table 2. Compared to the mFAS, in mFAS2, exclusion of data
mputed as failures resulted in increased rates of overall bowel

leansing success. In the mFAS2 of the MORA study, 97.0% (255/263)
verall bowel cleansing success was achieved for the N2D group.
he rate of successful overall bowel cleansing was significantly
igher for the N2D group compared to 2LPEG in both the mFAS
SS: oral sulfate solution.

(92.7% [255/275] vs. 87.9% [239/272]; P = 0.028) and mFAS2 (97.0%
[255/263] vs. 90.9% [239/263]; P = 0.002), whereas overall cleans-
ing efficacy did not differ significantly between N1D and 2LPEG
in either mFAS (89.5% [246/275] vs. 87.9% [239/272]; P = 0.280)
or mFAS2 (91.1% [246/270] vs. 90.9% [239/263]; P = 0.462). In
NOCT, there was no significant difference in overall cleansing suc-
cess between N2D and OSS in the mFAS (87.3% [241/276] vs.
88.6% [248/280]; P = 0.675) or mFAS2 (93.1% [241/259] vs. 93.9%
[248/264]; P = 0.660). For the MORA mFAS100, 97.5% (199/204),
93.3% (180/193), and 93.0% (186/200) of patients in N2D, N1D, and
2LPEG, respectively, achieved successful overall bowel cleansing
(P = 0.016 N2D vs. 2LPEG). In the NOCT mFAS100, successful over-
all bowel cleansing was achieved by 93.8% (211/225) and 93.3%
(210/225) of patients in the N2D and OSS groups, respectively,
(P = 0.424).

Treatment-specific overall bowel cleansing failure rates indi-
cated that N2D delivered the numerically lowest treatment group
failure rates in each trial: 2.5% (5/204) in MORA and 6.2% (14/225) in
NOCT. These very low failure rates were not compared statistically.

3.3. Overall high-quality bowel cleansing success

The rates of endoscopist-assessed overall high-quality bowel
cleansing (grade A on the HCS) across the treatment groups and
analysis sets are presented in Table 3. In MORA, the attainment of
high-quality cleansing was significantly greater in both the N2D
(68.0%; 187/275) and N1D (64.0%; 176/275) groups compared to
2LPEG (50.7%; 138/272) in the mFAS (P < 0.001 for both compar-
isons). Similarly, in mFAS2, 71.1% (187/263; P < 0.001) patients
on N2D and 65.2% (176/270; P = 0.001) patients on N1D achieved
overall high-quality cleansing success compared to 2LPEG (52.5%;
138/263). In NOCT, the rate of high-quality cleansing with N2D was
significantly greater than with OSS in the mFAS2 (74.5% [193/259]
vs. 67.8% [179/264]; P = 0.045). In the MORA mFAS100, significantly
more patients achieved overall high-quality cleansing success
with N2D (72.1% [147/204]; P < 0.001) and N1D (68.4% [132/193];
P = 0.006), versus 2LPEG (56.0% [112/200]). Significantly higher
rates of overall high-quality cleansing were also observed with N2D

versus OSS (77.3% [174/225] vs. 69.8% [157/225]; P = 0.035) in the
NOCT mFAS100. Across both studies, when data imputed as fail-
ures were excluded, the N2D group consistently achieved rates of
overall high-quality cleansing of >70%.
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Fig. 1. Patient disposition in the MORA (A) and NOCT (B) trials.

Table 2
Overall bowel cleansing success.

MORA NOCT

N2D N1D 2LPEG N2D OSS

mFAS
% 92.7 89.5 87.9 87.3 88.6
n/N  255/275 246/275 239/272 241/276 248/280
P* 0.028 0.28 – 0.675 –
mFAS2
%  97.0 91.1 90.9 93.1 93.9
n/N  255/263 246/270 239/263 241/259 248/264
P* 0.002 0.462 – 0.66 –
mFAS100
%  97.5 93.3 93 93.8 93.3
n/N  199/204 180/193 186/200 211/225 210/225
P* 0.016 0.459 – 0.424 –

mFAS: modified full analysis set.
mFAS2: modified full analysis set excluding imputed failures.
mFAS100: mFAS2 with segmental scorings and 100% treatment adherence.

* All P values are for NER1006 versus the comparator in the same trial.
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Table  3
Overall high-quality bowel cleansing success.

MORA NOCT

N2D N1D 2LPEG N2D OSS

mFAS
% 68.0 64.0 50.7 69.9 63.9
n/N  187/275 176/275 138/272 193/276 179/280
P* <0.001 <0.001 – 0.067 –
mFAS2
%  71.1 65.2 52.5 74.5 67.8
n/N  187/263 176/270 138/263 193/259 179/264
P* <0.001 0.001 – 0.045 –
mFAS100
%  72.1 68.4 56 77.3 69.8
n/N  147/204 132/193 112/200 174/225 157/225
P* <0.001 0.006 – 0.035 –

mFAS: modified full analysis set.
mFAS2: modified full analysis set excluding imputed failures.
mFAS100: mFAS2 with segmental scorings and 100% treatment adherence.

* All P values are for NER1006 versus the comparator in the same trial.

Table 4
High-quality segmental cleansing.

MORA NOCT

N2D N1D 2LPEG N2D OSS

mFAS
% 82.5 79.3 70.4 82.7 78.1
n/N  1134/1375 1091/1375 958/1360 1141/1380 1093/1400
P* <0.001 <0.001 – 0.001 –
NNT  1.7 2.2 – 4.3 –
mFAS2
%  86.6 82.3 74.8 88.1 82.8
n/N  1134/1310 1091/1325 958/1280 1141/1295 1093/1320
P* <0.001 <0.001 – <0.001 –
NNT  1.7 2.7 – 3.8 –
mFAS100
%  87.1 84.4 76.3 89.5 84.4
n/N  888/1020 814/965 763/1000 1007/1125 950/1125
P* <0.001 <0.001 – <0.001 –
NNT  1.9 2.5 – 3.9 –

mFAS: modified full analysis set.
mFAS2: modified full analysis set excluding imputed failures.
m
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FAS100: mFAS2 with segmental scorings and 100% treatment adherence.
NT: number needed to treat.
* All P values are for NER1006 versus the comparator in the same trial.

.4. Segments with high-quality cleansing

The overall number of high-quality segments as a propor-
ion of the total number of segments scored in each treatment
roup and analysis set is presented in Table 4. In the MORA
rial, N2D and N1D achieved a significantly greater number
f segments with high-quality cleansing than 2LPEG in both
he mFAS (82.5% [1134/1375] and 79.3% [1091/1375] vs. 70.4%
958/1360]; P < 0.001 for both) and mFAS2 populations (86.6%
1134/1310] and 82.3% [1091/1325] vs. 74.8% [958/1280]; P < 0.001
or both). The N2D group had the highest number of seg-

ents that were scored three or four. In the mFAS100, the
ORA N2D and N1D populations achieved 87.1% (888/1020)

nd 84.4% (814/965) segments with high-quality cleansing,
hile 2LPEG achieved 76.3% (763/1000)(P < 0.001 for both vs.

LPEG).
Similarly in NOCT, N2D achieved significantly greater num-

ers of high-quality segments than OSS in both the mFAS (82.7%
1141/1380] vs. 78.1% [1093/1400]; P = 0.001) and mFAS2 (88.1%

1141/1295] vs. 82.8% [1093/1320]; P < 0.001) populations. In the

FAS100 of NOCT, the N2D group achieved 89.5% (1007/1125)
egments with high-quality cleansing, while in OSS, it was  84.4%
950/1125; P < 0.001).
4. Discussion

We analyzed the relative colon-cleansing efficacy of the 1L
NER1006 versus two alternatives that are known for their high
cleansing efficacy. This post hoc analysis explored the attainment of
overall and high-quality bowel cleansing success at the patient and
segment population levels. Bowel cleansing success in the mFAS
population was  comparable to that of the central readers in this
analysis set, which has been reported previously [19,20]. In the cur-
rent analysis, while overall cleansing success rates were high for
all treatments in both trials, N2D distinguished itself with a higher
overall success rate versus 2LPEG in all three analysis sets. While
the lack of significance with N1D versus 2LPEG may  appear sur-
prising, the result is consistent with clinical guidelines; same-day
dosing is typically less effective than overnight split dosing [28].
Even so, N1D still improved high-quality cleansing versus 2LPEG.

Overall high-quality cleansing efficacy (HCS grade A) was also
notably higher in patients receiving N2D versus 2LPEG or OSS. The
difference reached significance versus OSS when imputed failures

were excluded, as in mFAS2, and it was even more marked in the
100% adherence group, mFAS100. N1D demonstrated significantly
improved high-quality cleansing efficacy vs. 2LPEG in all three pop-
ulations, mFAS, mFAS2, and mFAS100. In both trials, in the 100%
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dherence group, N2D achieved greater than 70% HCS grade A suc-
ess, a level that was not achieved by 2LPEG or OSS. In MORA, N1D
chieved 68% HCS grade A success, significantly higher than the
6% achieved by 2LPEG. The greater high-quality cleansing efficacy
f both N2D and N1D vs. comparators was also reflected at the
egmental level for all analyses.

User-friendliness was not a focus for the current analysis, how-
ver, on the day before the colonoscopy, N2D may present an
ncreased patient benefit compared to OSS by permitting both
reakfast and lunch; N1D also allowed for a light dinner. Apart
rom convenience, avoidance of unnecessary fasting periods may
e beneficial to groups of patients who have difficulty tolerating
xtended fasting [8].

This post hoc analysis presented cleansing quality assessment
y site endoscopists, rather than by central readers as in the pri-
ary analyses. Central readers score cleansing quality more strictly

han site endoscopists, which is useful for academic and regula-
ory purposes [29]. However, central readers are not used routinely
n clinical practice; therefore, this analysis may  better reflect the
eal-world performance of the respective treatments.

These post hoc analyses have several strengths. Based on two
andomized Phase III clinical trials with near-identical study design,
hese analyses evaluated comparative efficacy in refined data sets;
or instance, all patients in the mFAS100 had documented segmen-
al cleansing scores and 100% adherence rates. This enabled a true
omparative efficacy analysis between bowel preparations when
sed as per the label.

The limitations of the analyses presented here include their post
oc nature as well as the potential for greater variability, in terms
f inter-reader assessments, for site endoscopists compared to cen-
ral readers [22]. In addition, imbalances in certain baseline patient
haracteristics in the N2D group versus comparator bowel prepara-
ions were observed in both the trials; with observed differences in

ORA in the gender and age grouping of patients and differences in
ace observed in NOCT. Another limitation is the different meals the
atients received in the NOCT trial. This may  have been expected
o disadvantage the cleansing performance of NER1006 as the food
as permitted closer to the initiation of bowel preparation dosing.

he time-lapse from the end of treatment to start of colonoscopy
as monitored and documented, but not controlled, and was  not a

actor in these post hoc analyses.
In conclusion, in patients with HCS scores assessed by site endo-

copists, NER1006 delivered more overall high-quality, HCS grade
, cleansing successes than 2LPEG or OSS. This difference was most
vident at 100% treatment adherence, indicating a dose-dependent
esponse. Such compelling results encourage future clinical trial
ssessment of a formal hypothesis on high-quality cleansing supe-
iority of NER1006 versus 2LPEG or OSS. Among patients who
ook N2D, more than 7 out of 10 patients achieved overall high-
uality cleansing — reproducibly in two randomized controlled
rials. NER1006 delivered more high-quality colon segments than
LPEG or OSS. NER1006 thus effectively supports cleansing success,
acilitating lesion detection, in patients undergoing colonoscopy.
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