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Objective: This study aimed to compare the diagnostic value of R-
way, the 2011 International Federation for Cervical Pathology and Col-
poscopy (IFCPC), and Reid colposcopy evaluation system for high-
grade squamous intraepithelial lesions and cervical cancer (HSIL+).
Methods: A total of 987 cases were referred for vaginal microscopic ex-
amination, using R-way system, IFCPC and Reid examination, and di-
agnostic capabilities of the methods for detecting HSIL+ were com-
pared. Results: Using cervical biopsy or conization as the gold stan-
dard, in total 170 women (17.2%) had histologically confirmed HSIL+
including 36 women (3.6%) with invasive cervical cancer. The sen-
sitivity for HSIL+ using the three different colposcopy evaluation
methods were 74.7% (127/170), 78.2% (133/170) and 62.9% (107/170)
for IFCPC, R-way and Reid. Consistency with histopathology was
69.00%, 75.28% and 55.32%, Kappa values were 0.517, 0.599 and
0.310, respectively. Based on HSIL, sensitivity, specificity, PPV and
NPV of IFCPC and R-way pair for HSIL+ were better than those of
Reid. McNemar test results revealed significant differences between
R-way and IFCPC and between Reid and IFCPC for HSIL+ (χ2 = 19.558,
χ2 = 17.876, P < 0.001); however, the consistency rate was better for
R-way and IFCPC than for Reid and IFCPC (Kappa = 0.826 vs 0.127,
agreement rate: 94.6% vs 70.62%). Conclusion: All three evaluation
methods can be used for colposcopy diagnosis of HSIL+, and the di-
agnostic value of IFCPC and R-way is better than Reid. There is good
agreement between R-way colposcopy evaluation and histopathol-
ogy. Considering the characteristics of easy operation, the R-way
evaluation system is worthy of popularization and application in pri-
mary hospitals.
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1. Introduction
Cervical cancer is the fourth most common cancer in

women. In 2018, an estimated 570,000 women were di-
agnosed with cervical cancer worldwide and about 311,000
women died from the disease [1]. It has a long precancer-
ous period. During this period, early screening and diagno-
sis can be carried out by means of various screening meth-
ods. The implementation of screening programmes in devel-
oped countries has reduced the mortality rate of cervical can-

cer by 70%, but the mortality rate of cervical cancer in China
is still very high. Current estimates indicate that every year
106,430 women are diagnosed with cervical cancer in China
and 47,739 die from the disease [2].

Because a high-grade squamous intraepithelial lesion
(HSIL) can develop into invasive cervical cancer, HSIL de-
tection plays a vital role in preventing cervical cancer [1].
Colposcopy is subjective and has limited sensitivity for high
grade lesions (HSIL+). The National Health Service Cervical
Screening Programme (NHSCSP) Guidelines for Colposcopy
and ProgrammeManagement, which guides British practice,
ask for evidence of a colposcopic accuracy of 65% [3]. Zuchna
et al. [4] reported 66.2% sensitivity of HSIL+ when up to
three guided cervical biopsies were taken regarded as a di-
agnostic test with the cone specimen as reference standard.
Using digitized cervical images from 919 women referred for
equivocal or minor cytologic abnormalities into the ASCUS-
LSIL Triage Study, Massad et al. [5] reported 39% sensitiv-
ity for HSIL+. The precise positioning of HSIL+ under col-
poscopy is not only a guarantee of a correct pathological diag-
nosis but also a key technical problem encountered in cervical
cancer screening. Accurate determination of the locations of
HSIL+ lesions can provide a technical guarantee of reducing
the incidence and mortality of cervical cancer.

Colposcopy has been widely used worldwide since the
1960s, and during this time period, the colposcopy-based
evaluation system has been continuously developed and
changed. Examples of modifications include the acetic acid
test method, Reid classification method, Swede method, and
multiple-versions of International Federation for Cervical
Pathology and Colposcopy (IFCPC) terminology. Although
there are a variety of evaluationmethods for identifying high-
grade squamous intraepithelial neoplasia and cervical inva-
sive carcinoma (HSIL+) under colposcopy, each evaluation
method has its own characteristics, but there are reports on
these evaluation methods. Studies that perform comprehen-
sive and objective comparisons of the advantages and dis-
advantages of the various colposcopy evaluation methods
would be very useful in helping for colposcopy physicians to
select an appropriate evaluation method.
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The most widely used scoring systems include the 2011
edition of the IFCPC terminology and Reid scoring systems.
Comparedwith previous versions, the 2011 version of IFCPC
provides an overall evaluation of colposcopy, refines and de-
tails some newly introduced markers, and introduces for the
first time the recommended type of excision [6], which repre-
sents the latest global understanding of precancerous lesions
of the lower genital tract in women. Reid sets the thresh-
old for different grades of cervical lesions, simplifying the as-
sessment and making it easy to learn. Reid has demonstrated
its effectiveness in diagnosing high-grade lesions in terms of
sensitivity and specificity [7]. R-way (R: red, w: white, a:
abnormal blood vessels, y: yellow) established by Zhao et al.
[8], is an evaluation system based on the standard colposcopy
procedure of histopathology. By observing the staining of
cervical epithelium in response to different solutions, col-
poscopy physicians can accurately identify high-grade lesions
or suspicious cancers. According to what evaluation method
is more advantageous, this study aimed to compare the diag-
nostic value of three evaluation methods in the colposcopy
detection of HSIL+.

2. Materials andmethods
2.1 Study design and participants

From January 2015 to August 2019, patients who under-
went colposcopy and cervical biopsy or cervical conization
in the colposcopy clinic of the Second Affiliated Hospital of
Jiaxing Medical College were analyzed retrospectively. Indi-
cations for colposcopy included the following: positivity for
cervical fluid-based cytology (TCT), positivity for high-risk
human papillomavirus (hr-HPV), negativity for both TCT
and hr-HPV, and obvious clinical symptoms: such as con-
tact bleeding, irregular neoplasm on the cervical surface, cer-
vical stenosis or barrel cervix. The exclusion criteria were as
follows: pregnancy, previous cervical lesions or surgery, hys-
terectomy or incomplete data. All patients signed informed
surgical consent forms before undergoing colposcopy and
were informed of the purpose of the study. The studywas ap-
proved by the hospital ethics committee (JXEY-2020JX009).

Colposcopy specialists have obtained the certification of
colposcopy qualification and received training in these three
practical techniques (IFCPC, Reid and R-way). Colposcopy
was performed by 5 colposcopy specialists using R-way eval-
uation method, and targeted cervical biopsy was performed
on abnormal areas under colposcopy. For inconclusive diag-
nosis, it is reviewed by another qualified senior colposcopy
expert to determine the final colposcopy diagnosis.

Reid and 2011 IFCPC evaluation methods were applied
for colposcopy image description and diagnosis. Each pa-
tient’s colposcopy digital photos were reviewed by trained
colposcopy experts who were unaware of the patient’s previ-
ous colposcopy diagnosis. Researchers and pathologists were
aware of the results of cytology or HPV testing. As shown in
Fig. 1.

2.2 Colposcopy

For colposcopy, photoelectric integrated digital electronic
colposcopy (Shenzhen Libang Precision Instrument Co.,
Ltd., Shenzhen, China) was performed by colposcopy spe-
cialists using routine 5% acetic acid tests and 5% Lugol liq-
uid iodine staining procedure. The patient was placed in the
bladder lithotomy position to expose the cervix and vaginal
fornix; 0.9% sodium chloride solution was used to remove
mucus secretions from the cervical surface; 5% cotton wool
was used to wet the cervical surface for 50 seconds; and im-
ages were captured at 60 seconds, 90 seconds, and 120 sec-
onds and observed within 2 minutes to assess changes after
application of acetic acid and Lugol’s solution.

2.3 R-way colposcopic evaluation system

The R-way system evaluationmethod [9] is as follows: (1)
The transformation zone type is evaluated. (2) The current
image is captured with and without the green filter to evalu-
ate the “red” (R), namely, the area on the surface of the cervix
with the appearance of blood vessels, including physiologi-
cal and abnormal new blood vessels. (3) Cotton balls con-
taining 5% acetatic acid are used to wet the cervix for 50 sec-
onds. Images are then, captured at 60 seconds, 90 seconds,
120 seconds, and the appearance of aceto-white epithelium
is observed within 2 minutes. If the whiteness persists or
thickens, this feature is defined as “white” (W). (4) Abnor-
mal blood vessels are checked according to a rough mosaic,
namely, whether large blood vessels and atypical blood ves-
sels appear in the aceto-white area; this is referred to as “A”.
(5) Lugol’s iodine solution is applied to the cervix to check
iodine uptake; yellow (Y) means no iodine uptake.

The R-way evaluation system aims to diagnose HSIL+
based on the principle of collecting colposcopy examination
images according to the above characteristics for correlative
comparison, based on the pathological “comparison database”
intelligence analysis. The four diagnostic criteria for HSIL+
evaluation with the R-way system, as shown in Fig. 2a–d are
as follows: red thick white, red white A, red white yellow,
and bleeding.

2.4 2011 IFCPC

The 2011 IFCPC classification of colposcopy diagnosis
is as follows: (1) In the general assessment of colposcopy
images: categories include sufficient or inadequate, squa-
mous junctions (fully visible, partially visible or invisible)
and transformation zone type 1, 2 or 3. (2) Descriptions of
colposcopy images include primitive squamous epithelium,
columnar epithelium, metaplastic squamous epithelium, de-
cidualization during pregnancy, and the location and size
of the lesion. (3) The findings of colposcopy image grad-
ing include a thin aceto-white epithelium; small mosaic and
small punctate vessels, suggesting low-grade lesions; a thick
aceto-white epithelium, coarse mosaic and thick punctate
vessels, with clear boundaries, suggesting high-grade lesions;
lymphocytes, erosion, and negative iodine staining as non-
specific changes; atypical blood vessels and other signs (ex-
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Fig. 1. Flow-chart: the patient’s flow through the study.

Fig. 2. The diagnostic criteria of the R-way system in the evaluation of HSIL+. (a), (b), (c), and (d) indicate the diagnostic criteria of the R-way system
in the evaluation of HSIL+: (a), red thick white; (b), red white A; (c), red white yellow; and (d), bleeding.
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ogenous lesions, necrosis, ulcers, etc.), suggestive of sus-
pected invasive cancer changes; and miscellaneous features
including condyloma acuminatum, polyps, and other obvious
contact bleeding. (4) According to the above characteristics,
the diagnosis of colposcopy is normal or inflammation, low-
grade squamous intraepithelial lesion (LSIL), HSIL or inva-
sive carcinoma [6, 9].

2.5 Reid colposcopy evaluation system
The overall evaluation scores for Reid’s colposcopy range

from 0–8 points, and the lesion is assigned a score from 0–
2 points for each of the following features: the edge of the
lesion, the colour of the acetic acid test, the shape of the blood
vessel, and the results of the iodine test. Reid scores of 3–4 are
usually associated with CIN1–2, and scores of 5–8 are usually
associated with HSIL [7].

2.6 Pathological examination
Regardless of the final score, biopsy forceps were used to

perform colposcopy-directed biopsy and/or cervical scraping
of all abnormal areas. Routinely cervical biopsies are ob-
tained from 3, 6, 9, or 12 o’clock positions of the cervixin
cases of colposcopy imaging and endocervical curettagewith-
out abnormalities, if colposcopy was unsatisfactory and squa-
mous junctions invisible or partially visible. If colposcopy
was satisfactory, squamous junctions fully visible and no ab-
normal lesions were found, the patient may not undergo
biopsy and be excluded from the analysis. According to the
2013 American Colposcopy and Cervical Pathology (ASCCP)
guidelines, the pathological diagnosis was classified as follow:
normal or inflammation; LSIL;HSIL; or cervical invasive car-
cinoma [5].

2.7 Statistical analysis
SPSS 21.0 software (SPSS Inc., Chicago, IL, USA)was used

for statistical analysis. The analysis of consistency between
the colposcopy diagnosis and pathological diagnosis was per-
formed with the Kappa test. Kappa < 0.4 meant poor con-
sistency; 0.4 > Kappa (0.75 meant medium consistency; and
Kappa> 0.75meant good consistency. The sensitivity, speci-
ficity, positive predictive value (PPV) and negative predictive
value (NPV) and the Youden index were used to evaluate the
authenticity and predictive value of the diagnosis. The dif-
ference between the three evaluation methods was analysed
with the McNemar test. P < 0.05 was considered statistically
significant.

3. Results
3.1 Consistency evaluation of colposcopy diagnosis and
histopathology

The evaluation of consistency between the colposcopy di-
agnosis and histopathology included a total of 987 patients,
with an average age of 41.94 ± 12.45 years. The colposcopy
diagnosis and pathological diagnosis of the R-way system
were in agreement 69.00% (681/987) of the time, and the
consistency of the test results showed a Kappa = 0.517 (P
< 0.001, 95% CI: 0.472–0.562). In patients with pathologi-

cal diagnoses of normal cervix or inflammation, LSIL, HSIL
or cervical cancer, the consistency rates of colposcopy with
the pathological diagnosis were 67.43% (352/522), 68.81%
(203/295), 73.13% (98/134) and 77.77% (28/36), respectively.
The rate of overestimation with the HSIL+ diagnosis was
1.18% (2/170), and that of the underestimation with the
LSIL+ diagnosis was 21.51% (100/465). Table 1 shows the
consistency of different colposcopy diagnostic methods and
cervical histopathology. The consistency rate of the IFCPC
diagnosis with histopathology was 75.28% (743/987), with
Kappa = 0.599 (P < 0.001, 95% CI: 0.556–0.642), and the
consistency rate of the Reid diagnosis with histopathology
was 55.32% (546/987), with Kappa = 0.310 (P < 0.001,
95% CI: 0.263–0.357). The consistency levels of the R-way
and IFCPC diagnose with the pathological diagnosis were
medium, while that of the Reid diagnosis was poor.
3.2 Diagnostic value analysis of three colposcopy evaluation
methods

In total 170 women (17.2%) had histologically confirmed
HSIL+ including 36 women (3.6%) with invasive cervical
cancer. The sensitivity for HSIL+ using the three differ-
ent colposcopy evaluation methods were 74.7% (127/170),
78.2% (133/170) and 62.9% (107/170) for IFCPC, R-way and
Reid. Table 2 summarizes the diagnostic value of colposcopy
as a predictive indicator of a lesion histological diagnosis of
HSIL+ and LSIL+. When HSIL was used as the critical value,
the sensitivity, specificity, PPV and NPV of IFCPC and R-
way for HSIL+ were better than those of the Reid system.
The sensitivity and NPV of both R-way and IFCPCwere bet-
ter, but IFCPC had higher specificity and PPV. When LSIL
was used as the critical value, the sensitivity of each method
improved, the specificity was reduced, and the Youden index
was not as high as that of HSIL as the critical value.
3.3 Comparison among three evaluation methods: R-way, Reid
and IFCPC

Table 3 compares the accuracy of the three colposcopy
assessment methods for HSIL+. The McNemar test results
showed that the difference between R-way and IFCPC in the
diagnosis ofHSIL+was statistically significant (χ2 =19.558, P
< 0.001); with Kappa = 0.826, the agreement rate was 94.6%
(934/987). The difference between the Reid score and IFCPC
for the diagnosis ofHSIL+was also statistically significant (χ2

= 17.876, P < 0.001); with Kappa = 0.127, the agreement rate
was 70.62% (697/987).

4. Discussion
Colposcopy plays a very important role in the screening of

cervical cancer. It can be used to identify precancerous lesions
and early cervical cancer that are not recognized by the naked
eye, thereby leading to timely treatment of cervical diseases,
and can effectively prevent the occurrence and development
of cervical cancer [10]. Colposcopy diagnostic methods have
made great progress in many ways to date.
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Table 1. Consistency of different colposcopy diagnostic methods and cervical histopathology.

Colposcopy method
Pathological diagnosis

Total
Normal or inflammation LSIL HSIL Cervical cancer

R-way
Normal inflammation 352 (35.66) 68 (6.89) 8 (0.81) 1 (0.10) 429
LSIL 125 (12.66) 203 (20.57) 26 (2.63) 2 (0.20) 356
HSIL 42 (4.26) 23 (2.33) 98 (9.93) 5 (0.51) 168
Cervical cancer 3 (0.30) 1 (0.10) 2 (0.20) 28 (2.84) 34
IFCPC
Normal inflammation 419 (42.45) 70 (7.09) 9 (0.91) 1 (0.10) 499
LSIL 76 (7.70) 206 (20.87) 30 (3.04) 3 (0.30) 315
HSIL 25 (2.53) 18 (1.82) 92 (9.32) 6 (0.61) 141
Cervical cancer 2 (0.20) 1 (0.10) 3 (0.30) 26 (2.63) 32
Reid
Normal inflammation 306 (31.00) 91 (9.22) 16 (1.62) 3 (0.30) 416
LSIL 138 (13.98) 144 (14.59) 39 (3.95) 5 (0.51) 326
HSIL 72 (7.29) 56 (5.67) 76 (7.7) 8 (0.81) 212
Cervical cancer 6 (0.61) 4 (0.41) 3 (0.30) 20 (2.03) 33

LISL, low grade squamous intraepithelial lesion; HSIL, high grade squamous intraepithelial lesion; IFCPC,
international federation for cervical pathology and colposcopy.

Table 2. Accuracy of cervical histopathological diagnosis when colposcopy diagnosis is performedwith different critical
values.

Diagnostic method Critical value
Accuracy Predictability Comprehensive

sensitivity% Specificity% Accuracy% PPV NPV Youden index

IFCPC
HSIL+ 74.71 94.37 90.98 73.41 94.72 0.691
LSIL+ 82.80 80.27 81.46 78.89 83.97 0.631

R-way
HSIL+ 78.24 91.55 89.26 65.84 95.29 0.698
LSIL+ 83.44 67.43 74.97 69.53 82.05 0.509

Reid
HSIL+ 62.94 83.11 79.64 43.67 91.51 0.461
LSIL+ 76.34 58.62 66.97 62.17 73.56 0.350

LISL, low grade squamous intraepithelial lesion; HSIL, high grade squamous intraepithelial lesion; IFCPC, international fed-
eration for cervical pathology and colposcopy.

Table 3. Comparison between IFCPC, R-way and Reid.
IFCPC

Total
HSIL+ LSIL-

R-way
HSIL+ 161 (16.31) 41 (4.15) 202
LSIL- 12 (1.22) 773 (78.32) 785

Reid
HSIL+ 64 (6.48) 181 (18.34) 245
LSIL- 109 (11.04) 633 (64.13) 742

LISL, low grade squamous intraepithelial lesion; HSIL,
high grade squamous intraepithelial lesion; IFCPC, in-
ternational federation for cervical pathology and col-
poscopy.

The 2011 version of the IFCPC is the latest and most
well-known international colposcopy guidance, representing
the most recent global understanding of female precancer-
ous lesions of the lower genital tract. The Reid colposcopy
index (RCI) was first reported by Reid and Scalzi in 1985,
and previous reports of the RCI [11–13] have shown good

correlation with histopathology, with values of 0.66–0.73.
However, with the widespread popularity of cervical screen-
ing, typical precancerous colposcopy has become increasing
less common, and the accuracy of colposcopy as a standard
method has been questioned [14]. Many more recent studies
have shown that the relationship between Reid colposcopy
and histopathology is unsatisfactory, with values of 0.20–0.34
[15, 16]. The results of this study showed that the correla-
tion of IFCPC and R-way with cervical histopathology was
moderate but better than Reid. The correlation between the
colposcopy diagnosis and histopathologywas superior in pre-
vious reports of IFCPC by Li [17], with Kappa = 0.436, and
Fan [18], with Kappa = 0.480.

In 2015, Zhao [8] compared the ability of the R-way sys-
tem and conventional colposcopy to detect HSIL+. The R-
way diagnosis of HSIL+ had a sensitivity of 77.8%, specificity
of 94.5%, PPVof 85.5%, andNPVof 91.11%. In this study, the
sensitivity, specificity, PPV and NPV of R-way and IFCPC
for detecting HSIL+ were better than those of Reid. The
sensitivity and NPV of both R-way and IFCPC were better,
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but IFCPC had higher specificity and PPV. Reid’s diagnosis
of HSIL+ has high specificity and NPV, but the sensitivity is
not high. Different studies have reported that the sensitivity,
specificity, PPV and NPV of Reid’s diagnosis of HSIL+ are
quite different, suggesting that the Reid score is not consis-
tent [11–13, 19, 20]. When LSIL is used as the critical value,
the Youden index for the three evaluation methods is not as
high as that when HSIL is used as the critical value, which
shows that regardless of which evaluation system is used, col-
poscopy is most accurate in identifying HSIL+.

The results of the McNemar analysis of the three eval-
uation methods for colposcopy-based diagnosis of HSIL+
showed that the differences between R-way and IFCPC and
between the Reid score and IFCPC were statistically signif-
icant; however, the consistency between R-way and IFCPC
was better than that between the Reid score and IFCPC.
The 2011 IFCPC replaces all previous versions of the ter-
minology, synthesizes and refines multiple colposcopy diag-
noses, adds multiple new terms and descriptions of vaginal
lesions, and scientifically recategorizes some signs, and other
items, for consistency among different hospitals and health
care providers. The inspection level is similar to that of R-
way, but the evaluation system requires technical support and
trained personnel to master the operation. Therefore, the
specificity of IFCPC for HSIL+ is high and the rate of missed
diagnosis is low. The advantage of R-way is that it is easy
to operate, and the diagnostic ideas are streamlined. By per-
forming comparisons of captured images with a computer,
the diagnostic path is made more clear, and the formula is es-
tablished: red thick white, red white yellow, and red white
A. Repeated training, combined with disease-based the ob-
jective analysis of the R-way system fromRigaku, leads to the
diagnosis by colposcopy. Thismodel is more suitable for pro-
motion in primary-level hospitals to meet the demand driven
by the high number of colposcopy physicians with varying
skill levels in the vast areas of China, to improve the abil-
ity of colposcopy physicians to diagnose HSIL, and to meet
the requirements of primary-level hospitals for cervical can-
cer screening.

In our study we performed biopsies from all four quad-
rants of the cervix in women with normal colposcopy. Re-
gardless of skill, performing more biopsies increases the
sensitivity of colposcopy [21], and eliminates validation
bias. Dynamic Spectral Imaging System (DySIS) colposcopy
seemed inferior to conventional colposcopy in detecting
high-grade lesions and cannot replace conventional col-
poscopy with random biopsies [22]. The observed high sen-
sitivity of the punch biopsy derived from all studies is prob-
ably the result of verification bias [23]. In a study from Nor-
way, women with negative or low-grade cervical biopsies
(normal/CIN1) were followed up after sixmonths in order to
decide on further follow-up or recall for screening at three-
year intervals. Of 520 women with negative or low-grade
biopsy, 124 women (23.8%) had CIN2+ on follow-up biopsy,
including 7 cases of invasive cervical cancer [24]. Hence, all

women with negative colposcopy and biopsies after abnor-
mal cytology and/or HPV-testing have to be followed.

The main advantage of this study is that regardless of
whether the lesionwas found on colposcopy, all subjectswere
biopsied, eliminating verification bias. This study also has
certain limitations. First, 987 cases were included in the
study. Second, it was a single-centre study, and no compar-
ison with studies in other regions and medical institutions
were made, which leads to some bias. Third, the case data
included in this study are retrospective, thus, the 2011 ver-
sion of IFCPC and the Reid scores were determined through
colposcopy photos, and they do not fully represent real-life
colposcopy.

In summary, the three colposcopy evaluation methods
have high clinical diagnostic value and can be used for cervical
cancer screening for HSIL+. Objective evaluation of cervical
cancer screening for HSIL is necessary and can guide the clin-
ical utility of IFCPC, whose sensitivity is highest, followed by
R-way, and Reid, whose sensitivity is lowest. However, for
mastery of IFCPC, a long training time is required. R-way is
easy to learn and carry out. Therefore, when an evaluation
method is to be chosen, it is necessary to consider the actual
clinical circumstances during the decision process. The num-
ber of cases in this study is small, and the study has certain
limitations. Studies with larger sample size are needed. and
the sample size needs to be expanded for discussion in the fu-
ture.
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