
Introduction
Colonoscopy for colorectal cancer (CRC) screening reduces CRC
incidence and mortality [1–3] Adenoma detection rates (ADR)
are associated with CRC rates and mean numbers of polyps
(MPP) and adenomas (MAP) per patient both correlate strongly
with ADR [4–7].

To ensure that precancerous and cancerous lesions can be
detected, full visualization of the colonic mucosa during colo-
noscopy is required. At a minimum, this requires adequate
pre-procedural bowel preparation, ideally using an overnight
split-dosing regimen [8, 9]. While clinical guidelines do not yet
address high-quality cleansing, recent data suggest that detec-
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ABSTRACT

Background and study aims Multiple neoplasia increase

the risk of colorectal cancer. High-quality cleansing may im-

prove adenoma detection. We assessed whether a new

bowel preparation can improve colon cleansing and multi-

ple lesion detection.

Patients and methods This post hoc analysis of two ran-

domized clinical trials in Europe and the US assessed the per

study and combined cleansing efficacy of overnight split

dosing with (preparation+ clear fluids) 1 +1 L polyethylene

glycol (PEG) NER1006 versus 2+1 L PEG+ascorbate

(2LPEG) or 1+2 L oral sulfate solution (OSS) combined.

Treatment-blinded central readers assessed cleansing qual-

ity using the Harefield Cleansing Scale (HCS). Patients with

full segmental scoring were included. HCS segmental

scores 0–4 (high-quality =HCS 3–4) were analyzed for

NER1006 versus 2LPEG/OSS. Mean number of polyps or

adenomas per patient (MPP/MAP) was calculated for treat-

ments in patients with at least one polyp or adenoma.

Results In 1037 patients, NER1006 attained a greater rate

of HCS 3 scores (29% vs. 20%; P <0.001) and HCS 4 scores

(20% vs. 17%; P=0.007) versus 2LPEG/OSS. More polyps

(678 versus 585) and adenomas (397 versus 331) were de-

tected with NER1006 (N=517) versus 2LPEG/OSS (N=520).

In all neoplasia-positive patients, with increasing minimal

per-patient neoplasia multiplicity from 1 to 10, NER1006

numerically improved MPP (difference ± SE: 0.48±0.24 to

3.89±3.37) and MAP (0.47±0.26 to 7.50±9.00) versus

2LPEG/OSS.

Conclusions Low-volume NER1006 enhances high-quality

cleansing versus medium-volume 2LPEG or OSS, individ-

ually and when combined. NER1006 may consequently fa-

cilitate the detection of multiple neoplasia in patients.
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tion of polyps, adenomas, and sessile or serrated polyps may in-
crease further with high-quality colon cleansing [10–13].

Recent studies have improved our understanding of CRC risk
versus detected adenoma size and multiplicity of lesions. Di-
minutive polyps (< 5mm in size) alone may present an in-
creased risk of advanced metachronous adenomas, compared
with no polyps at all [14]. A recent study found an increased
risk with three or more diminutive adenomas even versus one
to two larger non-advanced adenomas [15]. When compared
with larger adenomas, however, diminutive adenomas alone –
even with advanced morphology – may present a limited rela-
tive risk [16]. Importantly, that picture changes significantly if
any small adenoma (6–9mm) is also present; identification of
a single diminutive adenoma in addition to an already detected
small adenoma may significantly increase a patient’s risk for ad-
vanced adenomas, particularly for patients undergoing colo-
noscopy for screening purposes [17, 18].

Adenoma multiplicity is a risk factor for fatal post-colonos-
copy CRCs [19]. A registry study stratified more than 40,000
patients as either high-risk (≥5 adenomas) or intermediate risk
(3 to 4 small adenomas). High- and intermediate-risk patients
had more advanced adenomas than patients with a single ade-
noma≥10mm (12.3% and 8.0% vs. 6.1%) [20]. The only factor
with an odds ratio > 2 for advanced adenomas was adenoma
multiplicity [21]. Another study in veterans showed a higher
10-year incidence of advanced neoplasia in patients with base-
line CRC or advanced adenomas than in patients with one to
two adenomas or no neoplasia (43.7% and 21.9% vs. 6.3% or
4.1%) [22]. Interestingly, patients with three or more small
adenomas carried a 66% risk of developing advanced neoplasia
compared with patients with advanced adenomas (odds ratios
2.50 vs. 3.77). This is a dramatic increase from the 29% relative
risk (6.3/21.9) in patients with one to two adenomas. A micro-
simulation modeling of community-based health care data on
ADR variation and cancer risk among 57,588 patients points in
the same direction [23]. Detection and removal of small adeno-
mas (< 5mm in size) had an independent risk-lowering effect
for both cancer cases and cancer deaths, but the detection
and removal of all adenomas of all sizes had the largest protec-
tive effect.

A re-analysis of eight tandem colonoscopy studies recently
reported that diminutive adenomas are missed more frequent-
ly than larger adenomas [24]. Hence to date many patients,
based on their colonoscopy findings, may have been assigned
no or an inadequately long time for surveillance because of mis-
sed adenomas. If high-quality cleansing can be routinely bet-
tered, and this enables detection of more polyps and adeno-
mas, then logically patient protection against CRC could and
should also be improved.

The Harefield Cleansing Scale (HCS) is a validated scale for
bowel cleansing assessment.[25] Segmental scores range from
0–1 (failure) and 2 (successful) to 3–4 (high-quality). Successful
bowel preparation means that the least clean segment has, at
most, only residual opaque liquid or semi-solid stool left that
is fully removable with appropriate suction (score 2). The HCS
includes two high-quality segmental cleansing scores, achiev-
able only if no washing is required: score 3 is stool-free but al-

lows for clear liquid to be present, while score 4 requires an
empty and clean colon segment. The term stool-free has been
used here as a simple descriptor to quickly distinguish in plain
language the high-quality HCS segmental cleansing scores 3–4
from the adequate quality HCS score 2.

NER1006 (PLENVU, a registered trademark of the Norgine
group of companies) is the first 1 L polyethylene glycol (PEG)
bowel preparation. It has been approved in 29 countries, in-
cluding the United States and across Europe. To date, NER1006
is estimated to have been used in more than one million pa-
tients [26]. The low reconstituted volume of NER1006 is
achieved by increasing the ascorbate components, relative to
previous 2 L PEG and ascorbate (2LPEG), and delivering them in
the second dose only. The efficacy and safety of NER1006 was
established in a programme of three similarly designed Phase III
multicenter, randomized, endoscopist- and central reader-
blinded, actively controlled clinical trials conducted in Europe
and the United States, using three dosing regimens [27–29]
The primary endpoint of the effect of cleansing quality on the
HCS was assessed strictly by treatment-blinded central readers,
a method that minimizes inter-reader assessment variability
[30].

The current post hoc analysis included, for comparative rea-
sons, only one dosing regimen (overnight split-dosing; widely
adopted as the gold standard), which was assessed in two of
the three trials. In the original trials, patients were randomly as-
signed in equal ratios to receive either NER1006 or 2LPEG
(MORA study) or oral sulfate solution (OSS) (NOCT study). The
MORA study included a NER1006 morning only regimen third
arm, which was excluded from the current post hoc analysis.
All treatments were administered per their approved labels:
2LPEG allowed for meals, including light dinner, on the day be-
fore colonoscopy, but OSS permitted only breakfast the day
prior to the procedure. The NER1006 regimen permitted light
breakfast and light lunch. Additional clear fluid intake as part
of the treatment was mandatory for NER1006 and OSS and
strongly recommended for 2LPEG. The amounts are specified
in the Supplementary Table1, however, the ingested volumes
of additional clear fluids were not recorded.

The HCS high-quality cleansing efficacy of NER1006 was as-
sessed versus 2LPEG/OSS. The potential of NER1006 to facilitate
detection of multiple lesions has not yet been reported, so a
key analysis here was to also assess in detail the comparative
detection of multiple neoplasia.

Patients and methods
Patients

Patients included in the MORA and NOCT trials were males and
females aged 18 to 85 who required screening, surveillance, or
diagnostic colonoscopy. Inclusion and exclusion criteria were
near identical across the trials and have been described pre-
viously [27, 29].

Patients were treated with overnight split-dosing regimens
of either NER1006, 2LPEG (MOVIPREP, Norgine Ltd, Harefield,
United Kingdom; assessed in the MORA trial), or OSS (SUPREP,
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Braintree Laboratories, Braintree, Massachusetts, United
States; assessed in the NOCT trial).

Cleansing efficacy was analyzed by treatment-blinded cen-
tral readers using the HCS on colonoscopy videos by site endos-
copists; the latter recorded polyp counts as per usual clinical
practice. Adenoma counts were verified by laboratory analysis.

The predefined analysis set, the modified full analysis set
(mFAS: full analysis set excluding any patient who failed labora-
tory screening after randomization and who also did not take
any study treatment), used as the primary analysis population
for the original study cleansing efficacy analyses, was included
in this new post hoc analysis for clarity.

The main focus of this post hoc analysis is a subset of the
mFAS, the mFAS2, from which patients with missing colonosco-
py data imputed as failures were excluded. The mFAS2 reflects
cleansing performance as seen by endoscopists in the clinic by
only including patients who actually underwent a colonoscopy
with bowel cleansing assessment.

Study design

This post hoc analysis used patient-level data from the over-
night split-dosing arms of both the MORA and NOCT trials to
analyze treatment effects on colonic HCS segmental cleansing
scores and polyp and adenoma counts in the overall colon. Spe-
cifically, we focused on the attainment of high-quality cleans-
ing and on the detection of multiple neoplasia per patient. We
performed these analyses per trial and on data from both trials.

Assessments

The HCS was used for efficacy endpoint assessments and post
hoc analyses (Supplementary Table2) [25, 27, 28]. Overall
cleansing success and polyp/adenoma detection rates in mFAS
have been reported elsewhere [27, 28]. Four analyses were per-
formed:
1. Attainment of high-quality cleansing. The proportion of

high-quality cleansed colon segments (HCS 3–4) was asses-
sed per treatment group in the original Phase III trial analysis
set, mFAS. The analysis was performed by study. Because
2LPEG and OSS have between them shown a comparable
cleansing efficacy in two recent randomized controlled
trials, the NOCT and MORA data sets were combined for an
analysis of combined NER1006 versus combined 2LPEG/OSS
[31, 32]. Hereafter, combined NER1006 and combined
2LPEG/OSS will simply be referred to as NER1006 and 2LPEG/
OSS, respectively. The HCS divides the colon into five seg-
ments, so the segmental sample size for all these analyses
was five times the number of patients. A further analysis was
performed in the mFAS2 population: distribution of HCS
segmental scores 0–4 was analyzed for NER1006 versus
2LPEG/OSS to assess whether NER1006 predominantly im-
proves the rate of stool-free cleansing with remaining clear
fluid only (a shift from HCS 2 to HCS 3) or improves the rate
of empty and clean segments (a shift from HCS 2 to HCS 4).
mFAS2 data sets were used for subsequent analyses of polyp
and adenoma detection.

2. MPP and MAP in all mFAS2 patients. MPP and MAP were an-
alyzed separately for each study and for NER1006 versus
2LPEG/OSS.

3. MPP and MAP in mFAS2 patients with at least one neoplasia.
MPP and MAP were analyzed separately in lesion-positive
patients sequentially from those with at least one lesion up
to those with at least ten lesions. This analysis aimed to as-
sess the intra-patient lesion multiplicity detection potential
of NER1006 versus 2LPEG/OSS. This analysis was not per-
formed at the study level due to rapidly diminishing sample
sizes with increasing polyp and adenoma counts.

4. Detection rates of mFAS2 patients with at least one neopla-
sia. This analysis assessed the comparative detection rates of
patients with multiple polyps or, separately, multiple ade-
nomas. This analysis aimed to assess the inter-patient lesion
multiplicity detection potential of NER1006 versus 2LPEG/
OSS.

Statistics

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 central readers’ HCS
scores were documented according to treatment group. The
proportion of high-quality segments per treatment group and
the distribution of segmental scores per treatment group were
calculated from documented segmental HCS scores. Cleansing
success rates are reported as percentages. P values comparing
NER1006 with the comparator bowel preparation were estima-
ted using the one-sided Student’s t-test. Where a lower fre-
quency of (stool-containing) segments is presented, the pres-
ented P value is, for clarity, 1-P generated by the 1-sided t-test.

MPP and MAP results for patients with at least one neoplasia
are presented as means+ standard errors (SE). Rather than
using standard deviations which show the possible variability
of responses, the true mean values were of greater interest in
the current analysis and the plotted SE also graphically cap-
tured the increased variability associated with decreasing sam-
ple sizes for patients with five or more neoplasia. Further statis-
tical analysis was not deemed meaningful due to rapidly declin-
ing sample sizes in both groups as the minimum number of
polyps or adenomas per patient increased. Patients with more
than 10 neoplasia are more likely than patients with one to
two neoplasia to be identified as high-risk patients and they
would be assigned shorter surveillance intervals regardless of
having occasional missed adenomas. The clinically most rele-
vant multiplicity range to detect is probably from at least one
to a maximum of ten polyps or adenomas per patient.

Results
Patient characteristics and disposition

Baseline characteristics for the full analysis sets in the MORA
and NOCT trials have been reported previously [27, 28]. A total
of 1037 patients were included in this analysis; baseline demo-
graphics for this population are provided in Supplementary
Table3 and patient disposition is presented in Supplementary
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Fig. 1. The mFAS2 /FAS ratios were comparable within each an-
alyzed trial.

Attainment of high-quality cleansing

NER1006 achieved more high-quality cleansed segments (with
HCS segmental score 3–4) than its comparators in the prede-
fined analysis set mFAS. Specifically, NER1006 achieved more
high-quality cleansed segments than 2LPEG (47.5% [653/
1375] vs. 30.2% [411/1360]; P<0.001) or OSS (45.0% [621/
1380] vs. 40.2% [563/1400]; P=0.005) (▶Fig. 1a). The com-
bined trials analysis in mFAS patients also showed a significantly
higher rate of high-quality cleansed segments for patients on
NER1006 versus 2LPEG/OSS (46.2% vs. 35.3%; P<0.001).
Hence in patients with colonoscopy data assessed by treat-
ment-blinded central readers, NER1006 was the only bowel
preparation to attain 45% or more high-quality segments per
treatment group, and it did so reproducibly in the primary anal-
ysis population of two randomized controlled trials.

In mFAS2 patients, the segmental score distributions
showed higher rates of stool-free cleansing scores (HCS 3) and
all empty and clean colon segments scores (HCS 4) with
NER1006 versus 2LPEG/OSS (29.2% vs. 20.1%; P<0.001 and
20.0% vs. 17.4%; P=0.007) (▶Fig. 1b). There was a correspond-
ing decrease in stool-containing segments with HCS score 2
(48.5% vs. 59.3%; P<0.001). Hence the most frequent cleans-
ing improvement with NER1006 versus 2LPEG/OSS was the im-
proved attainment of stool-free cleansing.

MPP and MAP in all patients

More polyps (678 versus 585) and adenomas (397 versus 331)
were detected with NER1006 (N=517) versus 2LPEG/OSS (N=
520). This higher total detection with NER1006 was observed
also within each of the trials. In MORA mFAS2 patients (262 ver-
sus 260), more polyps (350 versus 290) and more adenomas
(159 versus 138) were detected with NER1006 versus 2LPEG.
In NOCT mFAS2 patients (255 versus 260), more polyps (328
versus 295) and more adenomas (238 versus 193) were detect-
ed with NER1006 versus OSS.

Most patients had a maximum of 10 polyps or adenomas.
Very few patients had more than 10 polyps (NER1006: five pa-
tients with 11, 13, 15, 30, and 37 polyps, respectively; and
2LPEG/OSS: three patients with 11, 12, and 14 polyps, respec-
tively) or more than 10 adenomas (NER1006: one patient with
37 adenomas; and 2LPEG/OSS: two patients with 11 and 12
adenomas, respectively).

Patients in mFAS2 showed numerically higher MPP with
NER1006 than with 2LPEG (mean ± SE: 1.34±0.18 vs. 1.12±
0.11; P=0.143), OSS (1.29±0.19 vs. 1.13±0.11; P=0.239), or
the 2LPEG/OSS (1.31±0.08 vs. 1.13±0.08; P=0.105) (▶Fig.2).
Similarly, patients in mFAS2 showed numerically higher MAP
with NER1006 than with 2LPEG (0.62±0.09 vs. 0.55±0.08; P=
0.287), OSS (0.95±0.18 vs. 0.75±0.09; P=0.152), or the
2LPEG/OSS (0.78±0.10 vs. 0.65±0.06; P=0.128).

MPP and MAP in patients with at least one neoplasia
In the mFAS2 populations with at least one polyp per patient
there was a consistent positive trend for numerically greater
MPP with NER1006 versus 2LPEG/OSS in patients with at least
one polyps per patient (difference ± SE: 0.48 ± 0.24–3.89±
3.37 polyps per patient) (▶Fig. 3a). Similarly, MAP was numeri-
cally greater with NER1006 versus 2LPEG/OSS in all patients
with at least 1 adenomas (difference ± SE: 0.47 ± 0.26–7.50±
9.00 adenomas per patient) (▶Fig. 3b). Together these two re-
sults indicate a positive trend in favor of NER1006 for the iden-
tification of multiple neoplasia in patients.

Detection rates of patients with at least one
neoplasia

In mFAS2 patients, as the number of detected polyps per pa-
tient increased, a positive and consistent trend (compatible
with the trends seen for MPP and MAP) showed that in patients
with three or more polyps, numerically more patients with mul-
tiple polyps were detected with NER1006 than 2LPEG/OSS
(▶Table1).
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P<0.001

29.2%

20.1%

P<0.001

NER1006 2LPEG/OSS

20.0%
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▶ Fig. 1 High-quality cleansed segments (HSC score 3–4) per
treatment group assessed by central readers. a mFAS, the original
pre-defined analysis sets of the individual and combined MORA
and NOCT trials. b mFAS2, patients with full segmental scoring, in
the combined MORA and NOCT groups. For clarity, the distribution
of the full range of HCS segmental scores is presented.
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A similar consistent positive relationship was observed for
patients with multiple adenomas. Patients with two or more
adenomas were consistently numerically more often detected
with NER1006 than with 2LPEG/OSS.

Discussion

We analyzed the relative colon-cleansing efficacy of the 1 L
NER1006 versus two alternative bowel preparations, which be-
tween them have comparable cleansing efficacy. This post hoc

analysis explored the attainment of high-quality bowel cleans-
ing success at the patient and segment population levels.

High-quality cleansing was attained more frequently in pa-
tients receiving NER1006 versus 2LPEG or OSS. The difference
was small, but statistically significant, and present also in the
predefined original analysis population, mFAS. Notably, in this
population in the two independent randomized controlled
trials MORA and NOCT, NER1006 was the only treatment to
achieve a 45% or higher rate of high-quality cleansed segments
and it did so reproducibly in two trials.
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▶ Fig. 3 Comparative attainment in mFAS2 of MPP and MAP per treatment at a combined trial level. a Patients with at least one polyp. b Patients
with at least one adenoma.
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▶ Fig. 2 Polyp and adenoma counts in mFAS2. Comparative attainment in mFAS2 of MPP and MAP per treatment and study, and at a com-
bined trial level, in all patients.
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Because the mFAS population included a number of patients
who for conservative reasons were imputed as overall cleansing
failures, the overall colon cleansing efficacy was also assessed
in mFAS2. The segmental scores distribution analysis suggests
that NER1006 achieves its improved cleansing mainly by deli-
vering more stool-free segments and fewer segments with re-
movable stool.

It is intriguing that subtle but statistically significant and
consistent improvements in cleansing quality can make a prac-
tical difference in lesion detection. Positive trends, numerical
only but conceptually compatible, were identified towards de-
tection of more patients with multiple neoplasia and also more
neoplasia per patient in those patients who had more than just
one. This is particularly interesting since these analyses were
performed in relatively small sample sizes that had been opti-
mized for cleansing quality assessment. A larger study should
ideally randomize patients for adenoma presence (or not), the
number of adenomas per patient, and finally the size of each
adenoma; since that is not possible these analyses were justi-
fied for that reason alone.

Considering the increasing evidence base for small and di-
minutive adenomas on the one hand, and adenoma multiplicity
on the other, as risk factors for CRC, our results indicate that
some adenomas may have been missed with current treat-
ments. It is plausible that patients with one to two adenomas
had them detected only because of their large size, i. e. they
were detectable even in a stool-containing bowel.

User-friendliness was not a focus for the current analysis;
however, on the day before colonoscopy, NER1006 requires
only a total fluid intake of 2 L, less than for either 2LPEG or
OSS, and NER1006 may also present an increased patient bene-
fit, particularly compared with OSS, by permitting both break-

fast and lunch. Apart from convenience, avoidance of unneces-
sary fasting periods significantly improves the nutritional status
of elderly and hospitalized patients [33].

These post hoc analyses have several strengths. Based on
two randomized Phase III clinical trials with near-identical study
design, these analyses evaluated comparative cleansing effica-
cy in highly comparable and strictly assessed data sets; for in-
stance, all patients in the mFAS2 had documented segmental
cleansing scores and we only analyzed comparable dosing regi-
mens for each treatment. This enabled a true comparative effi-
cacy analysis between bowel preparations when used as per the
label.

The limitations of these analyses include their post hoc na-
ture as well as the potential for inter-patient variability for hav-
ing any neoplasia at all, and if so, then how many and of what
size. Adenoma size was not monitored in the analyzed trials.
Statistical limitations include lack of adjustments for possible
repeat effects in trends or type 1 errors (false positives) with
some very small sample sizes. Trend analyses are not present-
ed, but were considered. Recommended adjusted tests such
as the two-sided Kolmogorov-Smirnov test either failed to cap-
ture the possibility of missed neoplasia in the comparator
group (falsely assuming that all patients with, for example,
two adenomas had none more to be detected) or could be ac-
cused for analysis back-fitting to results if for instance the max
cumulative adenomas detection limit of 2LPEG/OSS was set to
only 85% versus 100% for NER1006 (as demonstrated by actual
outcomes). A potential limitation of this analysis was also the
lack of comparison with 4 L PEG, which was never tested in the
MORA and NOCT trials. Two recent real-world studies, however,
suggest that all three treatments in the current analysis deliver

▶Table 1 Comparative attainment in mFAS2 of PDR and ADR per treatment at a combined trial level.

Min number of neoplasia

per patient

1 2 3 4 5 6 7 8 9 10

Patients with polyps1

NER1006 patients, n 243/517 128/517 84/517 52/517 30/517 24/517 22/517 18/517 12/517 9/517

NER1006 patients, % (PDR) 47.0 24.8 16.3 10.1 5.8 4.6 4.3 3.5 2.3 1.7

2LPEG/OSS patients, n 253/520 133/520 79/520 43/520 28/520 20/520 10/520 5/520 4/520 3/520

2LPEG/OSS patients, % (PDR) 48.7 25.6 15.2 8.3 5.4 3.9 1.9 1.0 0.8 0.6

Difference, % −1.65 −0.82 1.06 1.79 0.42 0.80 2.33 2.52 1.55 1.16

Patients with adenomas2

NER1006 patients, n 163/508 81/508 45/508 26/508 15/508 14/508 10/508 8/508 5/508 3/508

NER1006 patients, % (ADR) 32.1 15.9 8.9 5.1 3.0 2.8 2.0 1.6 1.0 0.6

2LPEG/OSS patients, n 168/508 70/508 39/508 22/508 12/508 7/508 4/508 2/508 2/508 2/508

2LPEG/OSS patients, % (ADR) 33.1 13.8 7.7 4.3 2.4 1.4 0.8 0.4 0.4 0.4

Difference, % −0.98 2.17 1.18 0.79 0.59 1.38 1.18 1.18 0.59 0.20

PDR, polyp detection rate; ADR, adenoma detection rate; 2LPEG, 2 L polyethylene glycol with ascorbate; OSS, oral sulfate solution.
1 Patients with at least one polyp.
2 Patients with at least one adenoma.
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higher mean cleansing scores than 4 L PEG on the Boston Bowel
Preparation Scale [34, 35].

Conclusion
In conclusion, in patients with Harefield Cleansing Scale scores
assessed by treatment-blinded central readers, NER1006
(PLENVU) delivered more high-quality cleansed segments than
2LPEG or OSS. It is currently not possible to prospectively ran-
domize patients to have a given number or size of neoplasia.
Considering recently published studies on the positive effects
of treatment-independent high-quality cleansing on ADR and
MAP, our post hoc analysis of polyp and adenoma multiplicity
detection supports the premise that the improved high-quality
cleansing with NER1006 may facilitate the detection of multiple
neoplasia in patients. NER1006 could thereby help improve pa-
tient protection against CRC.
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