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Abstract

Background and aims

Dye-less chromoendoscopy is an emerging technology for colorectal polyp characterization.

Herein, we investigated whether the newly introduced I-scan optical enhancement (OE) can

accurately predict polyp histology in vivo in real-time.

Methods

In this prospective three-phased study, 84 patients with 230 diminutive colorectal polyps

were included. During the first two study phases, five endoscopists assessed whether analy-

sis of polyp colour, surface and vascular pattern under i-scan OE can differentiate in vivo

between adenomatous and hyperplastic polyps. Finally, junior and experienced endosco-

pists (JE, EE, each n = 4) not involved in the prior study phases made a post hoc diagnosis

of polyp histology using a static i-scan OE image database. Histopathology was used as a

gold-standard in all study phases.

Results

The overall accuracy of i-scan OE for histology prediction was 90% with a sensitivity, speci-

ficity, positive (PPV) and negative prediction value (NPV) of 91%, 90%, 86% and 94%,

respectively. In high confidence predictions, the diagnostic accuracy increased to 93% with

sensitivity, specificity, PPV and NPV of 94%, 91%, 89% and 96%. Colonoscopy surveillance

intervals were predicted correctly in� 90% of patients. In the post hoc analysis EE predicted

PLOS ONE | https://doi.org/10.1371/journal.pone.0197520 May 16, 2018 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Klenske E, Zopf S, Neufert C, Nägel A,
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polyp histology under i-scan OE with an overall accuracy of 91%. After a single training ses-

sion, JE achieved a comparable diagnostic performance for predicting polyp histology with i-

scan OE.

Conclusion

The histology of diminutive colorectal polyps can be accurately predicted with i-scan OE in

vivo in real-time. Furthermore, polyp differentiation with i-scan OE appears to require only a

short learning curve.

Introduction

Colorectal cancer is one of the most common malignant disease prevalent in the population

and has a high morbidity and mortality [1]. Colonoscopy has been established as a gold stan-

dard for colorectal cancer surveillance worldwide [2–4]. More than 50% of polyps detected

during surveillance colonoscopy are diminutive polyps, i.e.�5mm in size [5] and at the same

time, approximately half of these diminutive polyps are adenomas [6–13]. Since white light

endoscopy cannot accurately differentiate between adenomatous and hyperplastic diminutive

polyps [14, 15], it is standard to date to remove all polyps for subsequent histopathological

analyses.

However, this redundant removal of all polyps is cost-, risk- and time-intensive and

the annual up-front cost-savings in the US of forgoing pathology of diminutive polyps has

been estimated to exceed 1 billion dollars per year [16]. Based on these considerations, the

American Society of Gastrointestinal Endoscopy (ASGE) has proposed the so called PIVI

(Preservation and Incorporation of Valuable endoscopic Innovations) statement [17] in which

diagnostic thresholds are defined that new endoscopic techniques should meet in order to

allow for valid and accurate in vivo prediction of polyp histology.

One of these technologies that holds the potential to fulfil the PIVI criteria is dye-less chro-

moendoscopy (DLC). Among the DLC-techniques, narrow band imaging (NBI) is one of the

most investigated technologies. As shown in numerous studies, NBI can be utilized for precise

and accurate tissue characterization [18, 19]. This profound evidence led to development of

the NICE classification, which, by in vivo analyses of the colour, the surface pattern and the

vascular pattern of diminutive polyps under NBI, allows to accurately differentiate adenoma-

tous from hyperplastic polyps [20].

I-scan optical enhancement (OE) is a novel pre-processing optical chromoendoscopy tech-

nology that has recently been introduced to the market. As the physical principle of i-scan OE,

the spectrum of the emitted light is reduced by optical filters to wavelengths that overlay with

the absorption maximum of haemoglobin, thereby leading to an enhanced visualization of the

mucosal and vascular pattern [21]. Since i-scan OE therefore follows a physical principle com-

parable to NBI, we hypothesized that (i) the analysis of polyp colour, surface and vasculature

under i-scan OE can differentiate between adenomatous and hyperplastic polyps similar to the

NICE classification for NBI, (ii) that polyp histology can be accurately predicted in vivo in

real-time with i-scan even from investigators without prior experience in i-scan OE, (iii) that

the characterization of polyp colour, surface and vascular pattern with i-scan OE as well as the

differentiation between hyperplastic and adenomatous polyps with i-scan OE can be rapidly

learned even from inexperienced endoscopists and addressed these issues in different phases

in a prospective multicentre study.

Prediction of polyp histology by digital chromoendoscopy
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Materials and methods

Patient recruitment and study setting

The study was designed as a three-phased prospective multicentre observational study con-

ducted from January 2017 to June 2017 at the Ludwig Demling Endoscopy Center of Excel-

lence at the University Hospital of Erlangen as well as three other academic educational

hospitals. The study was approved by the Ethics committee of the Friedrich-Alexander Univer-

sity Erlangen (Krankenhausstrasse 12, 91054 Erlangen Germany) as well as the Institutional

Review Board of the Medical Faculty of the Friedrich-Alexander University Erlangen-Nurem-

berg. No minors were included and written informed consent was obtained from all patients

prior to the procedure. Patients with poor bowel preparation, colectomy, inflammatory bowel

disease, anticoagulation or polyposis syndrome were excluded.

All colonoscopies were performed using a high-definition colonoscope equipped with the

Pentax Medical OPTIVISTA EPK-i7010 video processor (Pentax, Tokyo, Japan). Diminutive

polyps (�5mm) identified during screening colonoscopy or colonoscopy initiated for the

work-up of GI-related symptoms (bleeding, abdominal pain, change in bowel habits) were

included. Four the purpose of our analysis, the boundary between the proximal and the distal

colon was defined as the junction of the splenic flexure and the descending colon, as assessed

by the endoscopist [22]. After visualization of the polyps in high definition white light

(HDWL), the size (as compared to an open biopsy forceps with a diameter of 8 mm) and the

location were recorded. Afterwards, i-scan OE was used to enhance the surface and vascular

pattern and the endoscopist made a real-time in vivo prediction of the underlying histology

based on colour, surface pattern and vessel pattern as described in the NICE classification [20].

Further, the endoscopist assigned a level of confidence (high or low) for the in vivo assessment,

as previously described [19, 23, 24].

After optical assessment, polyps were resected using standard techniques and sent to an

experienced GI pathologist for histological assessment. Finally, optical diagnosis was com-

pared to histopathology as a reference standard. Diagnosis of the 7 SSAs included in the study,

of which none exhibited cytologic dysplasia, was done by one experienced GI pathologist

based on the WHO histopathological criteria.

Study phases

During the first phase of the study, a single experienced investigator (>1000 colonoscopies

performed) with expertise in optical diagnosis of polyp histology (T.R.) assessed whether polyp

characterization according to colour, vascular and mucosal pattern as previously described for

narrow band imaging [20], can similarly be used to distinguish between hyperplastic and ade-

nomatous polyps in vivo using i-scan OE. For this validation phase, the first 50 polyps subse-

quently detected after study initiation were included. After an interims analysis showing that

diminutive polyps can be well differentiated into hyperplastic and adenomatous polyps by i-

scan OE in vivo with high accuracy using colour, surface pit pattern and vascular pattern as dif-

ferentiating criteria (Fig 1), the study was extended to a total of five experienced endoscopists

in its second phase in which these five different endoscopists similarly made an in vivo assess-

ment of the polyp histology with i-scan OE in additional 61 patients. Polyps with endoscopic

signs of malignancy as defined in the NICE classification [20] were not included in the study.

In this second phase, the distinction between hyperplastic and adenomatous polyps was simi-

larly made based on colour, surface pit pattern and vascular pattern and results were compared

to histopathology as a reference standard. During the first and second phase, representative

images of each polyp included were recorded and digitally stored as high-resolution images.

Prediction of polyp histology by digital chromoendoscopy
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These images were then transferred into an anonymized consecutively numbered database.

For this, only images in which the polyp was centered, sharp and clearly visible were consid-

ered, resulting in a total of 185 images of different polyps. This database was then used for the

third phase of the study, in which junior endoscopists (n = 4) and experienced endoscopists

(n = 4) not involved in the in vivo assessment during the first and second study phase made an

optical diagnosis of the polyp histology based on the pictures in the database. Experienced

endoscopist were defined as endoscopists with a specialty in gastroenterology and a vast num-

ber of endoscopies (>1000 colonoscopies) and experience in optical diagnosis and virtual

chromoendoscopy. Junior endoscopists were defined as residents in gastroenterology who par-

ticipated in less than 100 colonoscopies, never performed a colonoscopy independently and

had no previous experience in optical or digital chromoendoscopy. Prior to image analysis

from the database, junior endoscopists received a short training session of 30 minutes in

which an expert in optical diagnosis (T.R.) explained the features of the NICE classification

and how to distinguish adenomatous and hyperplastic polyps based on these criteria. The

training session was conducted in a classroom environment with a PowerPoint presentation

comprising of 17 representative NBI training static images used to explain the differentiation

between Hyperplasia and Adenoma. After the training session and the actual post hoc image

analysis by the junior endoscopists there was a time interval of 14 days. Optical diagnosis from

the polyp image in the database images was done on a 15-inch laptop with a resolution of 1024

x 640 by each endoscopist individually in a single room without the possibility to interact with

other endoscopists. No feedback was given during or after the optical diagnosis has been

made.

Statistics

The primary aim of this study was to assess the diagnostic accuracy including diagnostic sensi-

tivity, specificity, positive (PPV) and negative prediction value (NPV) of i-scan OE for the in

vivo prediction of polyp histology. The histopathology report was used as a reference for the

Fig 1. Endoscopic criteria under i-scan OE for in vivo assessment of polyp histology (adapted from [20]) and

representative images.

https://doi.org/10.1371/journal.pone.0197520.g001
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validation of the endoscopic assessment. To assess the ability of i-scan OE to predict post-poly-

pectomy surveillance intervals, the intervals that would be recommended by endoscopic pre-

diction were compared with those that would be recommended by pathologic assessment as

recommended in European [25] and US guidelines [26]. The probability for error (α) was set

to 0.05 and the ß-error to 0.1 (reflecting a power of 0.90). For HDWL, an expected accuracy of

74% and for i-scan OE an expected accuracy of 90% was expected [24, 27, 28]. This resulted in

a calculated sample size of at least 120 polyps to be included to sufficient statistical analysis.

Results

Patients and polyps characteristics

In total, 462 consecutive patients undergoing screening or surveillance colonoscopy were

screened for study inclusion. Out of these, 84 patients exhibited a total of 230 diminutive colo-

rectal polyps with an average size of 3.6 mm were included (Fig 2A). Of the 230 polyps, 58

were located proximal while 172 had a location in the descending colon (n = 12), sigmoid

colon (n = 128) or rectum (n = 32) and hence represented distal polyps. Out of the proximal

polyps, 9 were located in the caecum, 22 in the ascending colon and 27 in the transverse colon.

Clinical and demographic patient characteristics and the clinical and histopathological char-

acteristics of the 230 polyps are summarized in Table 1. In total, based on a common histo-

pathological classification [29] 137 polyps were non-adenomatous, of which almost all were

hyperplastic by histology (n = 136) while one was a granulomatous polyp. 40% of the polyps

exhibited adenomatous histology (93 out of 230). Of these, the vast majority were tubular (72

out of 93) while 14 adenomas exhibited tubulovillous histology. Further, 7 adenomas were ses-

sile serrated adenomas (SSA) on histology.

Validation of the NICE classification for i-scan OE

For NBI the NICE classification has been established as an accurate and reliable method for

polyp histology characterization [20]. Since i-scan OE follows a similar approach of reducing

the emitted wavelengths by an optical filter to enhance surface and mucosal vascular pattern,

we hypothesized that the visual characteristics of the NICE classification can be readily applied

to i-scan OE for the in vivo differentiation of hyperplastic and adenomatous polyps. For this

purpose, a total of 50 polyps were assessed by i-scan OE in the first phase of the study in which

Fig 2. Patient recruitment and study phases. (A) Patient and polyp characteristics, SSA = sessile serrated adenoma

(B) Exemplification of the study phases.

https://doi.org/10.1371/journal.pone.0197520.g002
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a single endoscopist experienced in optical diagnosis made an in vivo differentiation between

hyperplasia and adenoma based on the criteria as set forth by the NICE classification (Fig 2B).

Indeed, when the previously for NBI validated criteria were applied to the first 50 polyps in

this study, this allowed to accurately discriminate hyperplastic from adenomatous polyps. Spe-

cifically, the overall accuracy on prediction of colorectal polyp histology was 96% with a sensi-

tivity, specificity, PPV and NPV of 100% (12/12, 95% CI, 70–100), 95% (36/38, 95% CI, 81–

99), 86% (12/14, 95% CI, 56–98) and 100% (36/36, 95% CI, 88–100), respectively.

When only predictions made with high confidence were analysed, the overall accuracy

increased to 100% and sensitivity, specificity, PPV and NPV were 100% (5/5, 95% CI, 46–100),

100% (32/32, 95% CI, 87–100), 100% (5/5, 95% CI, 46–100) and 100% (32/32, 95% CI, 87–100)

for HC predictions, respectively. Since the “leave-in-place” strategy of the ASGE PIVI state-

ment is focused on the management of diminutive polyps located in the rectosigmoid, a

separate subgroup analysis for polyps in this location was performed. For polyps in the recto-

sigmoid, the overall diagnostic accuracy was 95%. Sensitivity, specificity, PPV and NPV were

100% (2/2, 95% CI, 20–100), 95% (39/41, 95% CI, 82–99), 50% (2/4, 95% CI, 9–91) and 100%

(39/39, 95% CI, 89–100), respectively.

Table 1. Clinical and demographic characteristics of the patients and polyps.

Patient characteristics

All patients Patients with distal polyps only

Total, n 84 70

Sex, n (%)

Male 53 (63) 46 (66)

Female 31 (37) 24 (34)

Age

Mean ±SD 61±12 60±11

Median (range) 63 (25–88) 63 (25–88)

Polyp characteristics

Total, n 230 172

Location, n (%)

Caecum 9 (4)

Ascending colon 22 (10)

Transverse colon 27 (12)

Descending colon 12 (5) 12 (7)

Sigma 128 (56) 128 (74)

Rectum 32 (14) 32 (19)

Histology, n (%)

Adenoma 93 (40) 48 (28)

Tubular 72 (31) 34 (20)

Tubulovillous 14 (6) 10 (6)

SSA 7 (3) 4 (2)

Hyperplastic 137 (60) 124 (72)

Size, n (%)

�3mm 115 (50) 97 (56)

4-5mm 115 (50) 75 (44)

Median (mean), mm 3 (4) 3 (4)

SD = standard deviation, SSA = sessile serrated adenoma

https://doi.org/10.1371/journal.pone.0197520.t001
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In vivo real-time prediction of polyp histology by multiple expert

endoscopists

After validation of the applicability of the NICE-classification to OE, the ongoing study was

then extended in its second phase to a total of 5 experienced endoscopist, which made an opti-

cal diagnosis based on colour, surface and vascular pattern of further 180 diminutive colorectal

polyps from 61 consecutively enrolled patients (Fig 2B).

In this second phase, the overall accuracy of histological prediction with i-scan OE was 90%

with a sensitivity, specificity, PPV and NPV of 90% (73/81, 95% CI, 81–95), 88% (87/99, 95%

CI, 79–93), 86% (73/85, 95% CI, 76–92) and 92% (87/95, 95% CI, 84–96), respectively. When

only predictions made with high confidence were considered, diagnostic performances were

markedly increased with a sensitivity of 94% (74/79, 95% CI, 85–98) and a specificity of 88%

(74/84, 95% CI, 79–94). Likewise, positive and negative prediction were also increased to 88%

(74/84, 95% CI, 79–94) and 94% (74/79, 95% CI, 85–98), respectively.

In distal diminutive colorectal polyps, the overall accuracy was 90%. Sensitivity, specificity,

PPV and NPV were 94% (44/47, 95% CI, 8198), 88% (72/82, 95% CI, 78–94), 82% (44/54, 95% CI,

68–90) and 96% (72/75, 95% CI, 88–99), respectively. Since the second statement of the ASGE

PIVI is focussed on polyps in the rectosigmoid, we performed subgroup analyses and found a sen-

sitivity, specificity, PPV and NPV of 93% (26/28, 95% CI, 79–98), 90% (70/7895% CI, 83–9), 77%

(26/34, 95% CI, 62–87) and 97% (70/72, 95% CI, 92–99) for polyps in the rectosigmoid only.

Combined diagnostic performances of i-scan OE made by the single investigator (phase 1)

and the multiple investigator (phase 2) for the total of 230 polyps are summarized in Table 2.

Prediction of the colonoscopy surveillance intervals. To assess the ability to predict

post-polypectomy surveillance intervals by i-scan OE, the intervals that would be recom-

mended by prediction with optical in vivo assessment system were compared with those that

would be recommended by pathologic assessment. For the later, European [25] and US [26]

guidelines were used to determine post-polypectomy surveillance intervals. In accordance

with the resect and discard paradigm of the ASGE PIVI, only polyps with HC prediction were

included in these analyses and determination of post-polypectomy surveillance was made on a

per-patient level. With i-scan OE a correct prediction of surveillance interval was possible in

82 out of 84 patients (98%) based on European guidelines, whereas 80 out of 84 (95%) were

predicted correctly according to the US guidelines.

Table 2. Diagnostic performances of i-scan OE for in vivo prediction of colorectal polyp histology during phase I and II of the study.

Polyps (n) Sensitivity (n,95% CI) Specificity (n,95% CI) PPV (n,95% CI) NPV (n,95% CI)

Single Investigator (SI, Phase I)

All polyps 50 100% (12/12, 70–100) 95% (36/38, 81–99) 86% (12/14, 56–98 100% (36/36, 88–100)

HC polyps 37 100% (5/5, 46–100) 100% (32/32, 87–100) 100% (5/5, 46–100) 100% (32/32, 87–100)

Distal polyps 43 100% (2/2, 19.8–100) 95% (39/41, 82–99) 50% (2/4, 9–91) 100% (39/39, 89–100)

Multiple investigators (MI, Phase II)

All polyps 180 90% (73/81, 81–95) 88% (87/99, 79–93) 86% (73/85, 76–92 92% (87/95, 84–96)

HC polyps 163 94% (74/79, 85–98) 88% (74/84, 79–94) 88% (74/84, 79–94) 94% (74/79, 85–98)

Distal polyps 129 94% (44/47, 81–98) 88% (72/82, 78–94) 82% (44/54, 68–90) 96% (72/75, 88–99)

SI+MI (Phase I + II)

All polyps 230 91% (85/93, 83–96) 90% (123/137, 83–94) 86% (85/99, 77–92) 94% (123/131, 88–97)

HC polyps 200 94% (79/84, 86–98) 91% (106/116, 84–96) 89% (79/89, 80–94) 96% (106/111, 89–98)

Distal polyps 172 94% (46/49, 82–98) 90% (111/123, 83–95) 79% (46/58, 66–88) 97% (111/114, 92–99.)

HC = high confidence, CI = confidence interval

https://doi.org/10.1371/journal.pone.0197520.t002
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When only distal colorectal polyps were considered, surveillance intervals based on US

guidelines were predicted correctly in 67 out of the 70 patients (96%) whilst surveillance inter-

vals were in agreement in 69 of 70 patients (99%) with distal colorectal polyps when surveil-

lance was recommend based on European guidelines. Importantly, in all cases where the

colonoscopy intervals as determined by i-scan OE were not predicted correctly, in both Euro-

pean and US guidelines, the i-scan OE intervals would have been shorter than the histopatho-

logically guided intervals. Patients with differences in the colonoscopy surveillance interval

determined by i-scan OE and by histopathology are shown in Table 3.

Histology prediction with i-scan OE by junior endoscopists and

experienced endoscopists

In the last phase of the study, the prediction of polyp histology with i-scan OE by junior endos-

copist and experienced endoscopists not involved in the prior conducted endoscopies was

assessed on the image database of a total of 185 images of different polyps collected during the

first and second phase of the study.

For experienced endoscopists, all of whom had prior experience in optical and digital chro-

moendoscopy, the overall accuracy was 91%, with average sensitivity and specificity of 87%

and 92%, respectively.

After only one single training session, junior endoscopists correctly assessed polyp

histology with i-scan OE with an overall accuracy of 89% with average sensitivity and specific-

ity of 89% and 90%, respectively and thereby achieved comparable results to the expert

endoscopists.

A summary of the individual diagnostic performances of junior and experienced endosco-

pists is shown in Table 4.

Discussion

In this study we successfully showed for the first time that: 1) the NICE classification for the

differentiation of adenomatous and hyperplastic polyps is applicable to i-scan OE, 2) i-scan

OE meets the criteria of the ASGE PIVI statement for resecting and discarding diminutive pol-

yps without histological assessment and for leaving distal diminutive colorectal polyps in place

and 3) differentiation between hyperplastic and adenomatous polyps with i-scan OE appears

to be easily learnable and can be readily utilized even by junior endoscopists after a single

training session.

Table 3. Patients with differences between histopathological and i-scan OE surveillance-colonoscopy-

recommendations.

Surveillance by Histology

(years)

Surveillance by i-scan OE

(years)

Most advanced pathology

EU US EU US

All polyps

Patient 1 10 10 10 5 hyperplastic

Patient 2 10 5 3 3 1 tubular adenoma

Patient 3 10 10 10 5 hyperplastic

Patient 4 10 5 3 3 2 tubular adenomas

Distal Polyps

Patient 1 10 10 10 5 hyperplastic

Patient 2 10 5 3 3 1 tubular adenoma

Patient 3 10 10 10 5 hyperplastic

https://doi.org/10.1371/journal.pone.0197520.t003
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Among the various technologies for dye-less chromoendoscopy (such as NBI, i-scan,

FICE), NBI is amidst the most intensively studied for optical diagnosis of polyp histology.

Apart from demonstrating reliable endoscopic characterisation and differentiation of hyper-

plastic and adenomatous polyps, conformity of NBI to the thresholds as set forth in the ASGE

PIVI statement has been shown in numerous studies [18, 19, 30].

This profound evidence on the reliability of NBI for the characterization of colorectal pol-

yps culminated in a NBI-based classification system for diminutive colorectal polyps [20]: as

shown in 2012 by Douglas Rex and co-workers, the evaluation of polyp colour, surface pattern

and vessel pattern under NBI allowed to precisely and reliably distinguish between hyper-

plastic and adenomatous polyps.

I-scan optical enhancement was introduced to the market in 2016 and since the optical

enhancement technology follows a similar principle of reducing the spectral bandwidth of the

emitted light by an optical filter to wavelengths that correspond to the peak absorbance maxi-

mum of haemoglobin, we hypothesized that the originally for NBI developed NICE classifica-

tion can well be utilized for i-scan OE to predict the histology of diminutive colorectal polyps.

As shown by our results, i-scan OE by far exceeded the recommended threshold criteria of

the ASGE PIVI statement. Specifically, the negative prediction for ruling out adenomatous his-

tology was 97% in rectosigmoid polyps in our study and hence, i-scan OE appears to allow

leaving distal polyps in place without resecting them as proposed by the ASGE. In addition to

that, our results of a very high negative predictive value in optical assessment of polyps

throughout the entire colon indicate that the leave in place strategy might not only be limited

to polyps in the rectosigmoid, but might also be applicable for polyps in the entire colon. Fur-

thermore, the overall accuracy of post-polypectomy surveillance colonoscopy prediction with

i-scan OE was 98.6% when using EU and 95.7% when using US guideline criteria and hence

also exceeded the threshold criteria for the resect and discard strategy. Importantly, in those

patients where the surveillance interval was predicted incorrectly, the intervals as recom-

mended by optical diagnosis with i-scan OE would have been shorter compared to histopa-

thology based surveillance. This overestimation is a direct reflection of the higher sensitivity of

i-scan OE for histology assessment compared to its specificity and it can therefore be reasoned

that no potential adenoma would have been missed, since the patient would have come sooner

to surveillance colonoscopy.

Although i-scan OE shows a promising potential in the characterization of colorectal pol-

yps, the direct clinical applicability has yet to be further evaluated in larger studies. Specifically,

it is not clear whether optical diagnosis with i-scan OE results indeed in actual cost savings. In

this regard, it might be speculated that the cost savings which are conferred by optical diagno-

sis and associated reduced pathology costs are counterbalanced by the overestimation of polyp

histology (i.e. that hyperplastic polyps are predicted to exhibit adenomatous histology) with i-

Table 4. Diagnostic performances of junior and experienced endoscopists with i-scan OE during phase III of the study.

Junior endoscopists (JE, n = 4) Experienced endoscopists (EE, n = 4)

JE 1 JE 2 JE 3 JE 4 EE 1 EE 2 EE 3 EE 4

Sensitivity (n,

95% CI)

87%, (62/71,

77–94)

86%, (61/71,

75–93)

92%, (65/71,

82–97)

93%, (66/71,

84–97)

87%, (62/71,

77–94)

79%, (56/71,

67–87)

93%, (66/71,

84–97)

89%, (63/71, 79–

95)

Specificity (n, 95%

CI)

85%, (97/114,

77–91)

91%, (104/114,

84–96)

91%, (104/114,

84–96)

90%, (103/114,

83–95)

88%, (100/114,

80–93)

97%, (111/114,

92–99)

90%, (103/114,

83–95)

94%, (107/1114,

87–97)

PPV

(n, 95% CI)

79%, (62/79,

68–87)

86%, (61/71,

75–93)

87%, (65/75,

76–93)

86%, (66/77,

76–92)

82%, (62/76,

71–89)

95%, (56/59,

85–99)

86%, (66/77,

76–92)

90%, (63/70, 80–

96)

NPV

(n, 95% CI)

92%, (97/106,

84–96)

91%, (104/114,

84–96)

95%, (104/110,

88–98)

95%, (103/108,

89–98)

92%, (100/109,

85–96)

88%, (111/126,

81–93)

95%, (103/108,

89–98)

93%, (107/115,

86–97)

https://doi.org/10.1371/journal.pone.0197520.t004
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scan OE and the subsequently narrower colonoscopy intervals that is associated with this over-

estimation when surveillance is based on optical diagnosis. It can be argued that it might be

better from an individual patient’s standpoint to have every polyp found also reviewed by a

pathologist to ensure they are screened at an appropriate interval rather than following a nar-

rower colonoscopic surveillance. In this regard, it has also be taken into account that patient

acceptance of optical diagnosis still appears to be limited [31, 32].

Since approximately 20 to 30% of colorectal cancers arise through the serrated pathway [33,

34], the reliable endoscopic identification of SSAs is of great importance. However, as shown

in a recent meta-analysis, optical diagnosis with image enhanced endoscopy exhibited only a

pooled sensitivity for discriminating SSAs from non-neoplastic lesion of 80% [35]. Although

limited in number and thereby hindering far reaching conclusions, of the 7 SSAs included in

the study only 5 were correctly predicted be to adenomatous lesions by i-scan OE. Based on

this, larger studies that assess whether i-scan OE can accurately predict histology in SSAs are

highly warranted.

In order for an endoscopic technique to be introduced into clinical practice it has to be eas-

ily learned. Therefore, in the last part of the study we assessed whether junior endoscopists

with little or no experience in endoscopy could discriminate hyperplastic against adenomatous

polyps with i-scan OE and compared the ability to predict polyp histology with that of experi-

enced endoscopists using a static database of i-scan OE images. As expected, the experienced

endoscopists were directly able to predict the histology with high overall accuracy when i-scan

OE images were shown. Remarkably, however, after a short didactic training session of 30

minutes and a “wash-out phase” of 14 day, also junior endoscopists were able to predict polyp

histology with a diagnostic accuracy comparable to experienced endoscopists. Therefore,

assessment of polyp histology with i-scan OE appears to require only a short learning, an

observation which is very consistent with data on the learning curve of other DLC technologies

[36–39].

These results might also have direct implications to the evolving field of molecular patho-

logical epidemiology (MPE) as an integrative molecular and population health based approach

to address molecular pathogenesis and heterogeneity of disease processes [40, 41]. In this

regard, MPE of colon and rectal premalignant lesions together with optical diagnosis might

offer the unique opportunity to identify a certain risk-profile for developing colorectal neopla-

sia and by subclassifying disease of interest by in vivo pathologic features, this can contribute

to biomarker research and precision medicine [42].

Potential limitations should also be discussed; one of which is the fact that during the first

two study phases, only experienced endoscopists used i-scan OE for histology prediction.

Although our results in the third phase indicate that accurate optical diagnosis of polyp histol-

ogy can be accomplished by inexperienced endoscopists, it is still clear that our findings of the

accurate assessment of polyp histology during ongoing endoscopy needs to be verified in sepa-

rate studies involving also non-tertiary referral centres or non-teaching hospitals as well as gas-

troenterologists in private practice. This aspect seems to be of certain importance since a

recent study with i-scan (without optical enhancement) including 10 private practice endosco-

pists found that the endoscopic classification of polyp type is not accurate enough to abandon

histopathology [43]. Further, a washout phase of 14 days might have been too short and hence

might have directly influenced the decision making process when attempting an optical diag-

nosis by the junior endoscopists.

In the future, additional multi-centre studies including comparative analysis of optical diag-

nosis with i-scan OE between expert and non-expert endoscopists will be necessary before this

approach can be implemented into daily endoscopic routine.
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