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Abstract

Objective  To investigate the detection ability of  flexible magnifying endoscopy with

narrow band  imaging  (ME-NBI)  for  cervical  intraepithelial  neoplasia  grade  two  or

worse (CIN2+) compared with colposcopy.

Design Multicenter, prospective, non-randomized, paired comparison study.

Setting Three Japanese medical centers.

Population Japanese women.

Methods Eligible patients had positive  PAP smear test results, suspicious high-grade

CIN in previous colposcopy, or definitive CIN3 diagnosed previously. A gastrointestinal

endoscopist  examined  the  cervix  using  ME-NBI  in  an  endoscopy  room  and,

subsequently, a gynecologist blinded to the ME-NBI findings performed colposcopy in

a different room. CIN2+ locations were documented in a scheme immediately after each

examination. Punch biopsy samples were obtained from all areas diagnosed as CIN2+

with both methods and from one normal area. The reference standard was the presence

of at least one histological diagnosis of CIN2+ among all biopsy specimens.

Main outcome measures The primary outcome was the detection sensitivity of patients

with CIN2+, comparing ME-NBI and colposcopy.

Results We enrolled 88 patients. The detection sensitivity for patients with CIN2+ was

not statistically different between the two methods (both: 79%, 95% CI: 66%–88%). For

diagnosing CIN2+, ME-NBI tended to show a higher sensitivity than colposcopy (69%

vs. 58%, respectively), while its specificity tended to be lower vs. colposcopy (55% vs.

70%, respectively). Patients reported  significantly less  discomfort and embarrassment

with ME-NBI vs. colposcopy.

Conclusion ME-NBI showed comparable sensitivity to colposcopy for detecting CIN2+
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lesions, and ME-NBI was more patient-acceptable. 

Funding Japan Society for the Promotion of Science (JSPS) KAKENHI Grant Number

17K15775.
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The  trial  registration  number University  Hospital  Medical  Information  Network

(UMIN) Clinical Trials Registry Number 000033189

Tweetable abstract ME-NBI had comparable detection to colposcopy of high-grade

CIN, and ME-NBI was more patient-acceptable.

Introduction

Uterine cervical cancer is caused by human papillomavirus (HPV) infection, and proper

screening programs promise cancer detection at an early stage. Cervical intraepithelial

neoplasm  grade  three  (CIN3)  or  intraepithelial  cancer  can  be  treated  by  cervical

conization; thereby, preserving fertility by avoiding hysterectomy.

The  WHO has  established  a  strategy to  achieve  a  one-third  reduction  in

premature mortality  by 2030.1 They  emphasize the importance of  triple  intervention

targets to  increase  HPV  vaccination  rates,  and  screening  and  treatment  for  cervical

cancer.  The current standard steps for screening are a “Pap” smear test followed by

colposcopy. The main objective of colposcopy is to detect CIN grade two or worse

(CIN2+).  A recent quality-controlled review found moderate sensitivity of colposcopy

for  CIN2+ of  75.1%, specificity  of  71.0%, and positive predictive value of 72.0%.2
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Moreover,  of  44,446  women  treated  surgically  for  CIN,  the  proportion  of  positive

margins was 23.1%, which gave an overall rate of residual or recurrent CIN2+ of 6.6%.3

The diagnostic inaccuracy of colposcopy may be associated with the low image quality

of  conventional  colposcopy and limited  visual  field when using a  Cusco speculum.

Most screened women have a favorable attitude toward colposcopy, but some complain

of pain during insertion of the speculum.4 Thus,  new methods  are required to reduce

discomfort. Moreover, the acceptability, including  embarrassment, remain unevaluated

in Asian cultures.

Currently,  image-enhanced  endoscopy  technology  involving  narrow  band

imaging (NBI) plays an important role in the diagnosis of gastrointestinal neoplasms.5–9

NBI systems use narrow band illumination of 415-nm and 540-nm wavelengths, which

are well-absorbed by hemoglobin.  Flexible magnifying endoscopy with narrow band

imaging  (ME-NBI)  allows  clear  visualization  of  the  micro-structure  as  well  as  the

micro-vascularity of mucosal surfaces. Thus, we expected ME-NBI to be useful for CIN

diagnosis, and our previous investigation suggested high potential with the method.10,11

The advantages of ME-NBI are its high resolution with magnification power (maximum

85 times), and the endoscope maneuvers freely, close to the lesion. Currently, there are

no comparative data regarding the diagnostic ability of ME-NBI vs. colposcopy. Hence,

we  aimed  to  compare  the  detection  ability  of  ME-NBI  and colposcopy in  cancer

screening.  We also  compared  patients’ acceptability  of  both  methods  in  a  Japanese

5



population.

Methods

Study design

This  was  a  prospective,  non-randomized,  paired comparative  study,  conducted  to

investigate the diagnostic ability of ME-NBI for CIN diagnosis compared with standard

colposcopy at  three medical  centers:  Kochi  Red Cross  Hospital,  Kagawa University

Hospital, and Osaka International Cancer Institute. ME-NBI was used for the index test,

while we assigned colposcopy for comparison and histological diagnosis obtained from

punch biopsy, for the reference standard. All data were extracted and compiled into a

REDCap database. 

Participants

Between September 2018 and June 2020, we enrolled 95 patients with positive  PAP

smear  test results  or  follow-up  of  high-grade  squamous  cell  intraepithelial  lesions

(HSIL)  or  definitive  CIN3  confirmed  by  a  referral  hospital.  Both  ME-NBI  and

colposcopy were performed for  the  same patient,  and the  diagnostic  ability  of  both

examinations  were  compared.  All  patients  provided  written  informed  consent  to

undergo the procedures and participate in the study.

Inclusion and exclusion criteria
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The inclusion  criteria  were  adults  aged  20 years  to  <  70  years  of  age  and written

informed consent. Exclusion criteria were: patients with past history of uterine cervical

operation, patients with mental illness or symptoms, pregnant or possibly pregnant, and

patients judged as inappropriate by the attending physician. 

Examination protocol 

Prior to colposcopy, a gastrointestinal endoscopist examined the cervix using ME-NBI

and recorded the endoscopic findings and illustrations in the dedicated report.  Then,

with the endoscopic report masked, a gynecologist performed colposcopy and recorded

the findings. The main lesion was defined as the highest-grade suspected neoplasm in

each  examination.  Accessory  lesions  were  defined  as  lesions  suspected  of  being

abnormal  other  than  the  main  lesion  in  each examination. Finally,  the  gynecologist

obtained punch biopsies  from all  abnormal areas,  including the main and accessory

lesions as well as one negative biopsy, according to the written reports of the ME-NBI

and colposcopy findings. A negative biopsy was defined as acquiring one sample from

an area where no lesion was noted, to improve the accuracy of the reference standard.

The  reference  standard  was  defined  as  the  highest-grade  lesion  confirmed  by

histopathological results from all biopsies, including the negative biopsy. This was why

all patients did not necessarily require surgical intervention even though whole cervical

resection by conization was ideal.  If  no abnormal findings were identified,  a  single

biopsy was obtained from any location.

ME-NBI procedure

Magnifying endoscopes (GIF-H260Z or H290Z; Olympus Corporation, Tokyo, Japan)
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with an NBI system (EVIS LUCERA SPECTRUM ELITE system; Olympus) and a

carbon dioxide insufflation device (UCR; Olympus) were used during all procedures. A

soft  black  hood (MAJ1990,  Olympus)  was  attached  to  the  endoscope  tip  to  obtain

focused images in high-definition. Each patient underwent ME-NBI examination in the

endoscopy  unit  in  the  left  lateral  decubitus  position  (Fig.  S1).  Using  a  developing

balloon (Fuji Systems  Corporation, Tokyo, Japan) mounted on the endoscope tip, the

vaginal  orifice  was  occluded,  and  the  field  of  view of  the  cervix  and  vagina  was

expanded. Mucus adherent to the cervix was removed using the water jet function of the

endoscope.  After  the  circumference  of  the  cervix  was  observed  under  white  light

imaging,  the endoscope was changed to NBI mode.  The squamo-columnar  junction

where CIN occurs was circumferentially observed at long, middle, and short distances

(maximum:  85  power  magnification)  by  freely  moving  the  endoscope.  Finally,  the

cervix  was  covered  in  3% acetic  acid  (20–30 ml)  for  1  minute.  and findings  were

captured. The inspection time was set at < 10 minutes. The endoscopic procedure was

performed by four endoscopists with experience performing more than 600 ME-NBI

examinations for gastrointestinal neoplasms (HK, KU, NU, and NN).

Endoscopic diagnostic criteria

The ME-NBI findings were evaluated by the presence or absence of thin- or thick-white

epithelium,  and  abnormal  intra-epithelial  papillary  capillary  loops  (IPCL),  which
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generally appear in esophageal neoplasms with squamous epithelium,6 as in previous

studies.10,11 White epithelium was defined as thin-white epithelium when the underlying

vessel  was  visible,  and  as  thick-white  epithelium  when  the  underlying  vessel  was

invisible. Atypical IPCL was defined as a micro-vessel that satisfied more than two of

the  following  four  findings:  dilatation,  crawling,  irregular  arrangement,  and  caliber

change according to the IPCL classification.6  The acetowhite findings with acetic acid

spray conformed to colposcopic cervical terminology recommended by the criteria of

the Rio 2011 Colposcopy Nomenclature  of the International  Federation for Cervical

Pathology and Colposcopy (IFCPC) as follows:12 thin acetowhite epithelium: W1 or

dense acetowhite  epithelium: W2. The diagnostic  criteria  for  CIN2+ under  ME-NBI

were:  the  presence  of  thick-white  epithelium or  thin-white  epithelium plus  atypical

IPCLs or acetowhite W2, according to a previous study.11

Colposcopic procedure

Patients  underwent  standard  colposcopic  examination  in  the  lithotomy position in  a

gynecology  unit  (Fig.  S1).  After  visualizing  the  cervix  using  a  Cusco  speculum

(SANRITU, Tokyo, Japan), a colposcopic instrument (ZEISS Colposcope KSK 150 FC;

Carl Zeiss Meditec AG, Jena, Germany) with maximum 21.5 power magnification was

applied.  First,  the  cervix  was  stained  with  3%  acetic  acid  to  detect  acetowhite

epithelium. Punch biopsies were obtained from the abnormal areas according to the Rio
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2011  Colposcopy  Nomenclature  of  the  IFCPC.12 The  colposcopic  procedures  were

performed  by  four  gynecologists  who  had  performed  more  than  600  colposcopic

examinations (YK, UH, KK, and KH). 

Colposcopic diagnostic criteria

Colposcopic terminology was according to the Rio 2011 Colposcopy Nomenclature of

the  IFCPC.12  The  most  frequent  abnormal  colposcopic  findings  were  acetowhite

epithelium, mosaic, and punctation. Abnormal colposcopic findings were categorized

as: grade 1 (minor): thin acetowhite epithelium, fine punctation, fine mosaic; grade 2

(major): dense acetowhite epithelium, coarse punctation, coarse mosaic; suspicious for

invasion: atypical vessels; additional signs: fragile vessels, irregular surface, exophytic

lesion,  necrosis  ulceration  (necrotic),  tumor,  or  gross  neoplasm;  and  nonspecific:

columnar epithelium (adenosis).

Pathological evaluation

Histological results were confirmed with punch biopsies obtained during colposcopy.

Tissues  were  fixed  in  10%  neutral-buffered  formalin  and  processed  into

paraffin-embedded blocks; sections (3 μm) were then cut from each paraffin block. The

final diagnosis was performed by experienced pathologists using hematoxylin and eosin

staining.
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Agreement between endoscopic and colposcopic images

To ensure consistency between the endoscopic and colposcopic sites, the side of the

inserted endoscope where fluid accumulates in the  left lateral decubitus position was

described as the 3 o’clock position in the colposcopic images. The endoscopic axis was

made concordant with the colposcopic axis by rotating the endoscopic images clockwise

180 degrees. 

Outcome measures

Primary outcome

The  primary outcome  was  the  detection  sensitivity  of  CIN2+  for  ME-NBI  or

colposcopy in main lesions, for which the reference standard confirmed the presence of

CIN2+. This  outcome  was  determined  by  the  following  reason:  clinically,  lesion

detection  can  play  a  role  in  screening  regardless  of  the  predicted  diagnosis.  True

positive (TP) was defined as successful detection with confirmed histological results of

CIN2+ for both the main lesion and the reference standard. False negative (FN) was

defined as overlooked detection with histological results of < CIN2 for the main lesion

and CIN2+ for the reference standard.

Secondary outcomes

The  secondary  outcome  measures  were  the  rates  of  visible  whole  circumferential

transition zones, visible cervical orifice, and complications. Patient acceptance of both
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methods was compared by a questionnaire survey evaluating patients’ discomfort and

embarrassment. Increasing degrees of discomfort and embarrassment were scored from

1–5. Patients were also asked which examination they would choose in future.

Subanalysis I was performed to evaluate whether the diagnostic prediction of

each examination for the main lesion was concordant with the reference standard in

each patient. Subanalysis II attempted to evaluate whether the diagnostic prediction for

the main lesion was concordant with the final histological results for each lesion. The

subanalyses  measured  the  sensitivity,  specificity,  and  accuracy  of  ME-NBI  and

colposcopy.

Sample size calculation

According to a previous systematic review,13  the detection rate of CIN2+ as a primary

outcome  was  assumed  to be  90% in  patients  with  definitive  CIN3 confirmed  by a

referral  hospital,  while the rate was estimated at  40% in patients with positive  PAP

smear results. Moreover, the sensitivity of colposcopy to detect CIN2+ was considered

approximately 70%;2,13 thus, a minimum of 48 patients with CIN2+ were required when

95% confidence intervals (CI) required a sensitivity of ± 13%. Accordingly, the required

number  of  patients  with  positive  PAP  smear  results  was  calculated  to  be  75.

Additionally, the maximum number of cases with definitive CIN3 was considered 20, so

that  the possibility  of detecting lesions would not  be too high. The calculated  final
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sample size was 95 patients.

Statistical analysis

The sensitivity, specificity, and accuracy of ME-NBI and colposcopy were calculated as

95% CIs  using  2  ×  2  tables,  and  these  measures  were  compared  between  the  two

methods using McNemar’s test or the chi-square test. Other categorical variables are

presented  as  frequencies  and  percentages,  and  continuous  variables  as  median  and

range.  For  all  statistical  tests,  two-tailed  P <  0.05  was  considered  significant.  All

statistical analyses were conducted using R version 3.6.1 (R Foundation for Statistical

Computing, Vienna, Austria; 2019).

Results

Patient enrollment

Seven of 95 patients were excluded because of inadequate data for the main lesion; the

remaining 88 patients were assessed in the final analysis. Figure 1 is a flow diagram of

patient enrollment and the examination protocol.

Patients’ characteristics

Patients’ baseline demographics and clinical characteristics are summarized in Table 1.

The 88 consecutive patients (median age: 40.5 years, range: 21–67 years) comprised 72

with positive  PAP smear test results, 13 with follow-up HSIL, and 3 with definitive

CIN3  confirmed  by  a  referral  hospital.  HPV  infection  history  was  positive  in  25

patients,  negative in  5,  and undetermined in 58.  A history of HPV vaccination was
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present in 5 patients and absent in 83. The final diagnoses comprised  non-cancerous

lesions (n = 8),  CIN1  (n = 32), CIN2  (n = 13), CIN3  (n = 34),  and microinvasive

carcinoma (n = 1).

Outcomes results

The primary and secondary outcomes are summarized in Table 2.

The detection sensitivity of CIN2+ showed no significant differences between the two

methods (both: 79.2%; 95% CI: 65.7%–88.3%; P > .99).

The  rates  of  visible  whole  circumferential  transition  zones  and  a  visible

cervical  orifice  were  97.7% and  96.6%,  respectively,  for  ME-NBI,  and  90.9% and

89.8%, respectively, for colposcopy (P  > 0.05).  No complications occurred during or

after  either  procedure.  86  of  88  patients  answered  questionnaire. ME-NBI  had

significantly  lower  mean  scores than  colposcopy for  discomfort  (ME-NBI  vs.

colposcopy: 1.34 vs. 3.51, respectively;  P  < 0.05) and embarrassment (1.72 vs. 3.15,

respectively; P < 0.05). As a future examination, 65/86 patients stated they would select

ME-NBI (75.6%), 2 patients indicated colposcopy (2.3%), and 19 patients replied that

both methods were acceptable (22.1%).

Subanalysis I

Regarding the prediction ability of CIN2+ for the reference standard, the  sensitivity,

specificity,  and  accuracy  of  ME-NBI vs.  colposcopy  was  68.8% (95% CI: 54.7%–

80.5%) vs. 58.3% (95% CI: 44.3%–71.2%), 55.0% (95% CI: 39.8%–69.3%) vs. 70.0%

(95% CI: 54.6%–81.9%),  and 62.5% (95% CI: 52.1%–71.9%) vs.  63.6% (95% CI:

53.2%–72.9%), respectively, with no significant differences. 
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Subanalysis II

Regarding the prediction ability of CIN2+ for the histological results, the  sensitivity,

specificity,  and  accuracy  of  ME-NBI vs.  colposcopy  was  86.8% (95% CI: 72.7%–

94.3%) vs. 73.7% (95% CI: 58.0%–85.0%), 50.0% (95% CI: 36.6%–63.4%) vs. 68.0%

(95% CI: 54.2%–79.2%),  and 65.9% (95% CI: 55.5%–75.0%) vs.  70.5% (95% CI:

60.2%–79.0%),  respectively,  with  no significant  differences.  The  results  of  the

subanalysis are summarized in Table 3.

Diagnostic  concordance  between ME-NBI and colposcopy according to  the

reference standard of CIN2+ (n = 48) was distributed as follows (Table S1):  TP with

both methods  (n = 34), TP with  ME-NBI and FN with colposcopy (n = 4),  TP with

colposcopy and  FN with  ME-NBI (n =  4),  and  FN with  both  methods  (n =  6).  A

representative case of CIN3 with positive results with both methods is shown in Figure

S2. A representative case with TP with ME-NBI and FN with colposcopy is shown in

Figure S3.

Discussion

Main findings 

We  identified  two  important  findings. First, ME-NBI  showed  a  diagnostic  ability

similar  to  colposcopy  for  detecting  CIN2+,  despite  ME-NBI  alone  having  a

disadvantage regarding the target biopsy. Second, ME-NBI was superior to colposcopy

regarding patient acceptance.

Strengths and limitations
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This  study has  several  strengths.  First,  this is  the first  prospective study  comparing

novel ME-NBI with standard colposcopy for diagnosing CIN. Second, gastrointestinal

ME-NBI with high-quality imaging was diverted to diagnose CIN, representing cost-

efficiency. Third, our developed vaginal-occluding balloon is a new alternative to obtain

a clear cervical visual field.

This study has several limitations. First,  the site designated by ME-NBI was

biopsied under colposcopy, which could be disadvantageous when using only ME-NBI.

Tissue sample quality using endoscopic biopsy forceps is still undergoing investigation,

which is why we adopted this two-method approach. Second, the diagnostic criteria for

ME-NBI for CIN remain immature, which suggests future modification of the approach

after verification of our results. Third, evaluating patients’ acceptance of the diagnostic

methods was limited to Japanese women. 

Interpretation

A  meta-analysis  of  eight  studies  published  in  1998  estimated  the  sensitivity  and

specificity of colposcopy at 85% and 69%, but values ranged widely from 30% to 99%

for sensitivity  and from 39% to  93% for  specificity.14 Another  meta-analysis  of  25

studies published in 2012 provided pooled values of 91.3% for sensitivity and 24.6% for

specificity, but also demonstrated wide ranges of 65.9%–100% for sensitivity and 5%–

80% for specificity.15 Most studies appeared to be subject to bias, especially verification

bias, which is problematic in colposcopy studies. Moreover, as these studies defined

sensitivity  and  specificity  differently  according  to  the  biopsy-associated
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values/evaluation and the reference standard, direct comparison is difficult. Therefore,

in  this  study,  we  focused  on  fairly  comparing  the  two  methods.  Specifically,  we

compared the diagnostic performance of each method for only the main lesion suspected

as the highest grade. The other lesions, including one negative biopsy, were used only to

determine  the  reference  standard.  This  approach  meant  that  verification  bias  and

evaluating  the  reference  standard did  not  affect the  fairness  when  comparing  the

methods. However, sensitivity and specificity results do not necessarily indicate general

diagnostic performance.

NBI  is  a  reliable  image-enhanced  technology  for  detecting  and  diagnosing

early gastrointestinal neoplasms.  A prospective, randomized, controlled trial showed a

higher detection rate of superficial carcinoma in the head and neck and the esophagus

for NBI compared with conventional white-light imaging (97% vs. 55%, respectively).16

Furthermore,  ME-NBI  is  useful  for  evaluating  microvascular  structures  (IPCLs)  of

squamous epithelium and permits distinguishing cancerous lesions from non-cancerous

lesions17 and predicting the invasion depth.18 A multicenter prospective study reported

excellent diagnostic performance of ME-NBI for diagnosing early gastric cancer, with

accuracy, sensitivity, and specificity of 98.1%, 85.7%, and 99.4%, respectively.19 The

study was followed by a  meta-analysis.20 Consequently, high evidence supports ME-

NBI as a productive diagnostic modality.

In  this  study,  no  significant  differences  were  observed  in  the  detection
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sensitivity of CIN2+ between the two methods although we assumed a higher detection

sensitivity  of  ME-NBI over  colposcopy,  similar  to  gastrointestinal-related  data.  The

subanalyses also showed no significant differences in prediction ability of CIN2+ for

the reference standard or the histological results. This may be because lesions detected

by  ME-NBI  may  have  resulted  in  FN  biopsy  results  because  punch  biopsy  under

colposcopy was performed at the site indicated in the ME-NBI report. This factor may

be  associated  with  different  cervical  extensibility  and  appearance  between  the  two

methods and information transmission error from endoscopic report to gynecologists. In

comparison, colposcopy appeared to have low sensitivity and relatively high specificity

because acetowhite epithelium was generally considered the main finding, and random

biopsy was not performed in this study. As shown in  Table S1, there were four ME-

NBI-positive patients with FN results with colposcopy. The details of these four cases

are as follows: in one case, whole circumferential observation was not possible using a

Cusco  speculum;  one  middle-aged  case  had  transition  zones  regressed  toward  the

cervical orifice; one case had no acetowhite findings; and one case had a lesion hidden

behind a benign polyp. In comparison, four colposcopy-positive patients with ME-NBI

FN results  were seen.  When ME-NBI findings  and reports  were reviewed for these

cases,  we  considered  the  following  failure  factors:  three cases  may  have  involved

unsuccessful  colposcopic  target  biopsy,  one  may  have  involved  schema  description

error because of an axis discrepancy between the methods.
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Among  several  new  instruments,  three  adjunctive  colposcopy  technologies

were introduced to assist in colposcopy: Dynamic Spectral Imaging System (DySIS),21

LuViva  Advanced  Cervical  Scan using  optical  spectroscopy,22 and  Niris  Imaging

System utilizing optical coherence tomography.23 DySIS maps of acetowhite epithelium

help examiners identify the target biopsy site.  A recent comparative study showed no

significant differences for identifying CINs between colposcopic-directed biopsies and

DySIS-directed biopsies.24 The studies of LuViva and Niris systems were associated

with high bias and lack of advantageous outcomes; thus, clinical evaluations have been

discontinued.  Currently,  novel  microendoscopy25 and  flexible  gastrointestinal

endocytoscopy26 provided  a  high  level  of  diagnostic  accuracy  compared  with

colposcopy.  However,  these  devices  require  further  evidence,  including  the  cost–

benefit.

The rates for visible whole circumferential transition zones and the cervical

orifice tended to be higher with ME-NBI than with colposcopy. The cervical visual field

influences diagnostic accuracy. Cusco’s speculum is sometimes associated with limited

ability to  obtain these visual  fields in  patients with a thick cervix,  and middle-aged

patients  with  regressed  transition  zones.  Conversely,  with  ME-NBI,  our  developed

vaginal-occluding balloon enables examiners to secure the cervical visual field without

advanced skills. This innovation may overcome colposcopic-associated issues and lead

to a stable and sufficient visual field.

19



ME-NBI  was  significantly  accepted  by  patients  over  colposcopy.  In

colposcopy, patients feel discomfort with the forced vaginal expansion with the Cusco

speculum and feel embarrassed  by the lithotomy position. Conversely, with  ME-NBI,

patients’  discomfort  and  embarrassment  was  minimized.  Moreover,  most  patients

(75.6%) stated  they  would  choose  ME-NBI  as  a  future  examination.  These  results

indicate that ME-NBI is more acceptable to patients than colposcopy.

Regarding future perspectives,  with validation of sampling using  endoscopic

biopsy  forceps,  a prospective  randomized  controlled  study  of  punch  biopsy  under

colposcopy versus  endoscopic biopsy under ME-NBI would be valuable to reveal the

true  ability  of  ME-NBI.  Gynecologists  must  accept  unfamiliarity  with  ME-NBI

diagnosis and a lack of experience with endoscopic maneuvers to establish wide-spread

ME-NBI  examination.  Training  is  mandatory,  and  artificial  intelligence  may  assist

accurate ME-NBI diagnosis for gynecologists. Moreover, a short rigid endoscope with

ME-NBI function is expected to be developed so that gynecologists familiar with rigid

laparoscopes can easily handle the endoscope.

Conclusion

ME-NBI was comparable to colposcopy for detecting high-grade CINs; therefore, target

biopsy under  ME-NBI is  warranted.  Furthermore,  ME-NBI was more  acceptable  to

patients than colposcopy.
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Tables
Table 1. Patients’ baseline demographics and clinical characteristics

Characteristic

Total number of patients 88

Median age, years (range)  40.5 (21–67)

Indications, n

 Positive PAP smear* 72

HSIL on follow-up 13

Definitive CIN3 3

HPV infection, n

Positive 25

Negative 5

Undetermined 58

HPV vaccine, n

Presence 5

Absence 83

Final diagnosis, n

Non-cancerous lesion 8

CIN1 32

CIN2 13

CIN3 34

Microinvasive carcinoma 1

HSIL,  high-grade  squamous  cell  intraepithelial  lesion;  CIN1,  cervical  intraepithelial

neoplasia  grade 1;  HPV,  human papillomavirus. *Number of patients (n):  low-grade

squamous cell intraepithelial lesion (LSIL) (25), HSIL (35), atypical squamous cells of

undetermined significance  (ASC-US) (6),  high-grade  squamous intraepithelial  lesion

(ASC-H) (6).
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Table 2. Comparison of the outcomes of ME-NBI versus colposcopy

　 Measure
ME-NBI
(n = 88)

 Colposcopy
(n = 88)

P value

Primary 
outcome

Detection sensitivity of 

CIN2+, % (95% CI*)

79.2 
(65.7–88.3)

79.2 
(65.7–88.3)

>.99※

Secondary
outcomes

Rate of visible whole 

circumferential transition 

zones, %

97.7 90.9 　0.05#

Rate of visible cervical 

orifice, %
96.6 89.8 　0.07#

Complications rate 0 0 　N/A#

Patients’ acceptance of the 

method, mean score (grade 

1–5) 

(n = 86) (n = 86)

Discomfort 1.34 3.51 <.001†

Embarrassment 1.72 3.15 <.001†

Which choice as a future 

examination, % (n)$
75.6 (65) 2.3 (2) <.001#

ME-NBI,  magnifying  endoscopy  with  narrow  band  imaging;  CIN2,  cervical

intraepithelial neoplasia grade 2; N/A, not applicable.

*95% confidence interval (CI) according to Wilson’s score interval,  ※McNemar’s test,

#Chi-squared  test,  †Welch's  t-test, $Both  methods  acceptable:  22.1% (19)  of  the  86

surveyed patients.

Table 3. Results of the subanalysis of ME-NBI versus colposcopy
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Measure
ME-NBI
(n = 88)

 Colposcopy
(n = 88)

P value

Prediction ability of CIN2+

for the reference standard, % (95% 

CI*)

Sensitivity 68.8 (54.7–80.5) 58.3 (44.3–71.2) 0.30※

Specificity 55.0 (39.8–69.3) 70.0 (54.6–81.9) 0.21※

Accuracy 62.5 (52.1–71.9) 63.6 (53.2–72.9) >.99※

Prediction ability for CIN2+

for the histological results, % (95% 

CI*)

Sensitivity 86.8 (72.7–94.3) 73.7 (58.0–85.0) 0.15#

Specificity 50.0 (36.6–63.4) 68.0 (54.2–79.2) 0.07#

Accuracy 65.9 (55.5–75.0) 70.5 (60.2–79.0) 0.52# 

ME-NBI,  magnifying  endoscopy  with  narrow  band  imaging;  CIN2,  cervical

intraepithelial neoplasia grade 2; CI, confidence interval.

※McNemar’s test, #Chi-squared test.
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Table/Figure Caption List

Figure 1. Flow diagram of patient enrollment and the examination protocol.

Supporting Information

Figure S1. Schematic of the examinations.

a. Flexible magnifying endoscopy with narrow band imaging (ME-NBI).

b. Colposcopy.

ME-NBI, magnifying endoscopy with narrow band imaging.

Figure S2. Representative images of cervical intraepithelial neoplasm grade 3 (CIN3).

a. Narrow band imaging by endoscopy showing thick-white epithelium at the 6–7-

o’clock position of the cervix (white arrows).

b. Magnifying endoscopy with narrow band imaging (ME-NBI) showing a well-

demarcated neoplastic area with thick-white epithelium (yellow arrows) with 

atypical vessels (red arrows).

c. The lesion appears as thick acetowhite epithelium in acetic acid endoscopy (blue 

arrows).

d. Colposcopy with acetic acid application demonstrating dense acetowhite epithelium 

(grade 2) in the same area (black arrows).

ME-NBI,  magnifying  endoscopy  with  narrow  band  imaging;  CIN3,  cervical

intraepithelial neoplasia grade 3.
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Figure S3. Representative case of CIN3 that was detected by ME-NBI (yellow circle)

but not with colposcopy with acetic acid. The  red circle indicates CIN1 detected by

colposcopy.

a. Narrow band imaging by endoscopy showing thin-white epithelium at the 1–2-

o’clock position of the cervix. 

b. ME-NBI showing thin-white epithelium with atypical vessels.

c. Acetic acid observation in a white-light image with flexible endoscopy showing no

acetowhite epithelium in that area.

d. ME-NBI with acetic acid enhanced the thin-white epithelium with atypical vessels 

(blue arrows), confirmed histologically as CIN3.

e. Colposcopy with acetic acid application showing a thin acetowhite (grade 1) lesion

at 11 o’clock, confirmed histologically as CIN1.

f. Close-up image with colposcopy.

ME-NBI,  magnifying  endoscopy  with  narrow  band  imaging;  CIN3,  cervical

intraepithelial neoplasia grade 3.
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