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neoplasia and cervical cancer

in patients with different
transformation zone types
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We aimed to evaluate the diagnostic value of TruScreen, a real-time diagnostic technology, for
cervical lesions in patients with different transformation zone (TZ) types. A total of 1908 women aged
34.0 + 7.3 years who have received cytology, human papillomavirus (HPV) testing, TruScreen, and
colposcopy were recruited. The clinical performances of these tests were evaluated for their detection
of high-grade squamous intraepithelial lesion (HSIL), adenocarcinoma in situ (AIS), or more severe
lesions in patients with different TZ types. For the detection of HSIL, AIS, or more severe lesions,

the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of
TruScreen were 65.08%, 64.76%,11.55%, and 96.33%, respectively, which were similar to cytology
(all P values > 0.05). For the detection of HSIL + in patients with type 3 TZ, the sensitivity, specificity,
PPV, and NPV of TruScreen were 72.29%, 67.59%, 13.86%, and 97.13%, respectively, which were
significantly higher than the sensitivity (51.16%, P =0.029), specificity (59.59%, P=0.001), PPV
(7.94%, P=0.016), and NPV (94.71%, P=0.049) in type 1 and type 2 TZs. TruScreen has detection
accuracy comparable to cytology and performs even better in patients with type 3TZ.

Keywords TruScreen, Optoelectronic device, Transformation Zone, Human papillomavirus (HPV), High-
grade squamous intraepithelial lesion (HSIL), Colposcopy

Cervical cancer, mainly caused by high-risk (HR) human papillomavirus (HPV) infection, is one of the most
common malignant tumors in women and is the fourth leading cause of cancer-related death in women
worldwide!. In 2020, there were more than 600,000 new cases of cervical cancer, of which about 342,000 died of
this cancer worldwide!. The World Health Organization (WHO) 90-70-90 targets (90% of fully vaccinated girls
by the age of 15 years, 70% of females undergoing cervical cancer screening by high-performance test at 35 and
45 years of age, and treatment for 90% of women identified with cervical disease) are aimed to prevent more than
62 million cervical cancer-related deaths by the year 21202 Currently, the commonly used screening methods
for cervical cancer include HPV and cytological testing®.

A field that is dynamically entering the prevention and diagnosis of cervical lesions is biophysics and molecular
biology. The electrical impedance spectroscopy (EIS) of the University of Sheffield assesses impedance, which
consists of the capacitance and electrical resistance of the cervical epithelium. It offers prognostic information
on the risk of high-grade squamous intraepithelial lesion (HSIL) 4+ developing over three years following EIS
measurements®. Shukla et al. reported a portable device that works on extracting intrinsic fluorescence from
tissue samples using the measured polarized fluorescence and elastic scattering spectra on a smartphone camera®.

A real-time optoelectronic (TruScreen) method has been introduced in the screening and diagnosis of cervical
lesions for a few years in China and many other countries®~'%. This innovative approach analyzes the cervical
mucosa by measuring the response to a light beam and electric potential, which includes reflected, scattered
light, and electrical impulses. The method is automated to minimize human error and is based on comparing
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patient data with a standard derived from a diverse control group of 3,000 women. The optoelectronic method
examines direct reflection, backscatter, and charge dissipation. These provide information about the cervical
surface’s topography and the properties of the epithelial layers. The method also evaluates the electrical properties
of tissues, including the cytoplasm’s complex electrolyte nature, the cell membrane’s capacitive behavior, and
the semiconductor function of other cellular elements. The electrical impedance, or the combined resistance
and phase shift of the current, varies between normal and pathologically changed tissues. The optoelectronic
equipment measures the returning light and electrical response, and analyzes cervical tissues with a built-in
algorithm!!-1%. The test results are categorized as “normal” or “abnormal”. TruScreen is designed to be used by an
operator without high levels of technical skill or training!?. The advantages of this technology were its immediate
and objective results’. Although TruScreen has been used clinically for many years, the existing literature mainly
focused on its role as a screening method, with varying sensitivity and specificity”3!4-16. None, to the best of our
knowledge, have some data on the effectiveness of TruScreen for detecting HSIL, adenocarcinoma in situ (AIS),
and more severe lesions with different transformation zone (TZ) types.

Our study aimed to evaluate the clinical value of TruScreen in the diagnosis of HSIL + cervical lesions by
comparing the diagnostic performances of TruScreen, liquid-based cytology, HPV testing, and colposcopic
impression for the detection of cervical HSIL or more severe cases, and in particular, the detection ability of
these methods in patients with different TZ types.

Methods

The study was conducted on 1908 women aged 18-60 (34.0 +7.3) years consecutively referred to colposcopy by
abnormal liquid-based cytology results with or without persistent HR-HPV infection. Exclusion criteria included
a cervical procedure such as a biopsy, laser cauterization, photodynamic treatment, or conization within the
previous three months, prior history of pelvic radiation therapy or chemotherapy, history of hysterectomy or
trachelectomy, current menstrual period during the examination period, gestation or <42 days postpartum,
inability to cooperate with the examination for any reason. The liquid-based cytology and HPV testing were
performed at least 1 week earlier. The patients underwent a cervical examination with a TruScreen real-time
optoelectronic scanner, and following that, a colposcopy was performed. Only those with colposcopy-directed
punch biopsy results were included in this study.

TruScreen testing

The Second generation of TruScreen (Polartechnics, Sydney, Australia) is a real-time device that uses electrical
and optical signals to classify cervical tissue using an expert system approach. The distal tip of the handpiece
is covered with a 5-mm diameter single-use sensor (SUS) element designed to protect against cross-infection.
The SUS is a pen-like wand covered by a disposable sensor that gently touches multiple spots on the cervix. The
sensor contains a precision lens and electrodes that interface with the cervix, sending and picking up low-level
electrical and optical signals from the cervical tissue. These signals are then analyzed by an integrated AI-enabled
algorithm, providing objective results immediately. The device uses a combination of biosensors, including
directly reflected light, backscattered light, and electrical decay curves. The operator used the handpiece to target
at least 15 sites of the cervical surface. During the examination, the “stop/go” lights on the handpiece tell the
operator to move the probe tip to a tissue spot, stop for the measurement to be performed, and then proceed to
the next spot. This sequence is repeated until the ectocervix and the portion of the lower endocervix exposed by
the vaginal speculum have been covered!?. The results were obtained in real-time and defined as: (1) Normal (no
abnormal cervical cells were found) or (2) Abnormal (abnormal cells were found in the cervix). This test causes
no trauma or pain to the patient and lasts only about 2-3 min.

Liquid-based cytology

Cervical samples were subjected to liquid-based cytology in the pathology laboratory. Two pathologists reviewed
the results before reporting them. The results were analyzed using the third edition of the Bethesda system!”
and graded as negative intraepithelial lesion or malignancy (NILM), atypical squamous cells of undetermined
significance (ASC-US), low-grade squamous intraepithelial lesion (LSIL), HSIL, atypical squamous cells-cannot
exclude HSIL (ASC-H), atypical glandular cells (AGC), or LSIL cannot exclude HSIL (LSIL-H).

HPV testing

The liquid samples collected by the clinicians were tested with the Cobas HPV assay (Roche Diagnostics;
Indianapolis, IN, USA)!® or HPV genotyping utilizing the BioPerfectus Multiplex Real-Time PCR assay
(BioPerfectus Technology Co, Taizhou, China), detecting 21 HPV genotypes, including 18 high risk and possibly
high-risk HPV genotypes (HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82) and 3 low-risk
HPV genotypes (HPV 6, 11, and 81)%°.

Colposcopy and cervical biopsy

The cervix was consecutively examined using 3% acetic acid and 5% Lugol’s solution and observed with a
magnification microscope. The 2011 International Federation for Cervical Pathology and Colposcopy (IFCPC)
classification”® was adopted for our colposcopy reports. Colposcopy-directed biopsy was performed when
lesions were detected by colposcopy, the TZ was type 3 (endocervical curettage), or when there were other
clinical indications for biopsy. Generally, 1-4 biopsies were taken for each patient according to the colposcopic
impression. Among our 1908 cases, 144 (7.55%) took one biopsy, 979 (51.15%) took two biopsies, 490 (25.68%)
took three biopsies, and 295 (15.46%) took four biopsies. Two senior attending pathologists reviewed the
pathological sections before being reported. The pathology reports were based on Lower Anogenital Squamous
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Terminology (LAST)/World Health Organization (WHO) recommendations, and for reporting histologic HSIL,
the pathologists included cervical intraepithelial neoplasia (CIN) 2 or CIN3 qualifiers, for example, HSIL (CIN2)
and HSIL (CIN3)?!22, The histopathological results were accepted as a gold standard.

Combined screening method

All the patients recruited had both liquid-based cytology and HPV tests before colposcopy. The indication of
colposcopy referral was considered the positive criterion for combined screening methods, following the 2012
American Society for Colposcopy and Cervical Pathology (ASCCP) consensus guidelines for the management
of abnormal cervical cancer screening tests and cancer precursors®>. When HPV genotyping combined with
cytology was performed, the criteria for referral to colposcopy were HPV16/18-positive, persistent other HR-
HPYV positive for over 1 year with cytology NILM, HR-HPV-positive with cytology ASC-US or more severe.

Statistical analysis

The SPSS software (IBM Corp. Released 2015. Version 23.0. Armonk, NY, USA) was used to process data. Each
screening method’s sensitivity, specificity, PPV, and NPV were calculated using pathologically confirmed cervical
HSIL as the gold standard. Exact Fisher’s X? test was used to compare differences between groups. P<0.05 was
recognized as statistically significant.

Results

General characteristics

There were 1908 subjects included in the study, with an average age of 34.0 + 7.3 years. The liquid-based cytology
results distribution were: 1203 cases with normal results, 384 cases of ASC-US, 277 patients of LSIL, 41 cases of
HSIL/ ASC-H, 2 cases of AGC, and 1 case of LSIL-H. HR-HPV infection was detected in 1727 cases. Pathological
results showed that there were 126 (6.60%) CIN 2 + cases, including 115 (6.03%) CIN2 and CIN3 cases, 5 (0.26%)
AIS cases, and 5 (0.26%) cervical cancer cases. There were 499 (26.15%) HPV 16/18 positive, 705 (36.95%)
liquid-based cytology tests with ASC-US or worse, 626 HR-HPV positive and cytology ASC-US or worse, 805
persistence other HR-HPV positive for over 1 year, 307 (16.09%) colposcopic impression of HSIL or worse, and
710 (37.21%) TruScreen tests abnormal cases among the 1908 subjects (Table 1).

TruScreen testing results

The positive rate of TruScreen markedly increased with increasing severity of liquid-based cytology results, from
30.92% (372/1203) in women with NILM to 100% (25/25) in women with HSIL. Similarly, this rate increased
from 28.69% (338/1178) in women with normal histology results, 48.01% (290/604) LSIL, 63.79% (74/116)
HSIL, 60% (3/5) AIS, and 100% (4/4) cervical cancer, respectively.

Diagnostic performance of TruScreen in the detection of cervical HSIL, AIS, or more severe
lesions

For the detection of HSIL, AIS, or more severe lesions, the specificity of TruScreen (64.76%) was significantly
higher than that of HPV testing (10.10%, P=0.000), but similar to liquid-based cytology (64.47%, P=0.889), and

Total (%) Normal (%) | LSIL (%) HSIL (%) | AIS (%) | Cancer (%)
HR-HPV
Negative 181 (9.49) 135 (11.46) 45 (7.45) 1(0.86) | 0 0
HPV16/18+ 499 (26.15) 275(23.34) | 149 (24.67) | 65(56.03) | 5(100) |5 (100)
Non-HPV 16/18+ | 1228 (64.36) | 768 (65.20) | 410 (67.88) | 50 (43.10) | 0 0
Cytology
NILM 1203 (63.05) | 866 (73.51) | 283 (46.85) | 51 (42.71) | 2 (40) | 1(20)
ASC-US 384 (20.13) 217 (18.42) | 147 (24.34) | 18 (15.63) | 2 (40) 0
LSIL or worse 321 (16.82) 95(8.06) | 174 (28.81) | 47 (41.67) | 1(20) 4 (80)
Colposcopic impression
Normal 597 (31.29) 489 (41.51) | 98 (16.63) 8(6.90) | 2 (40) 0
LSIL 1005 (52.67) | 576 (48.90) | 397 (65.73) | 31(26.72) | 1(20) 0
HSIL or worse 306 (16.04) 113 (9.62) | 109 (18.05) | 77 (66.38) | 2 (40) 5 (100)
TruScreen
Normal 1198 (62.79) | 840 (71.31) | 314 (51.99) | 42 (36.21) | 2 (40) 0
Abnormal 710 (37.21) 338(28.69) | 290 (48.01) | 74 (63.79) | 3 (60) 5 (100)
Total 1908 1178 (61.74) | 604 (31.66) | 116 (6.08) | 5(0.26) |5 (0.26)

Table 1. Distribution of HR-HPV, liquid-based cytology, colposcopic impression, and TruScreen by
histological results among 1908 women. HR-HPV: high-risk human papillomavirus; NILM: negative
intraepithelial lesion or malignancy; ASC-US: atypical squamous cells of undetermined significance; LSIL: low-
grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; AIS: adenocarcinoma
in situ.
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HPV testing Liquid-based cytology Colposcopic impression TruScreen

No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate%
Threshold | HR-HPV positive ASC-US+ HSIL Abnormal
Detection of HSIL, AIS, or more severe lesions (n=126)
Sensitivity | 125/126 99.21 72/126 57.14 84/126 66.67 82/126 65.08
Specificity | 180/1782 10.10 1149/1782 64.47 1559/1782 87.49 1154/1782 64.76
PPV 125/1727 7.24 72/705 10.21 84/307 27.36 82/710 11.55
NPV 180/181 99.45 1149/1203 95.51 1559/1601 97.38 1154/1198 96.33

Table 2. Clinical performance of HPV testing, liquid-based cytology, colposcopic impression, and TruScreen
for the detection of HSIL, AIS, or more severe lesions. PPV positive predictive value; NPV: negative predictive
value; HR-HPV: high-risk human papillomavirus; ASC-US: atypical squamous cells of undetermined
significance; HSIL: high-grade squamous intraepithelial lesion; AIS: adenocarcinoma in situ.

HR-HPV(+) with TruScreen | HR-HPV(+) with cytology P value
No. of Positive/N | Estimate% | No. of Positive/N | Estimate%

NILM of cytology with
HPV16/18 positive, or

ASCUS + of cytology with HR-
HPV-positive

Normal TS with HPV16/18
Threshold | positive, or abnormal TS with
HR-HPV-positive

Positive | 656/1727 [37.98 612/1727 [ 35.44

Detection of HSIL, AIS, or more severe lesions (N=125)

Sensitivity | 81/125 64.80 72/125 57.60 0.243
Specificity | 1027/1602 64.11 1062/1602 66.29 0.194
PPV 81/656 12.35 72/612 11.76 0.750
NPV 1027/1071 95.89 1062/1115 95.25 0.464

Table 3. Clinical performance of HPV genotyping combined with TruScreen or cytology in HR-HPV-positive
women for detection of HSIL, AIS, or more severe lesions. TS: TruScreen; PPV: positive predictive value; NPV:
negative predictive value; HR-HPV: high-risk human papillomavirus; NILM: negative intraepithelial lesion

or malignancy; ASC-US: atypical squamous cells of undetermined significance; HSIL: high-grade squamous
intraepithelial lesion; AIS: adenocarcinoma in situ.

significantly lower than colposcopic impression (87.49%, P=0.000). Additionally, the sensitivity of TruScreen
was 65.08%, which was similar to the colposcopic impression (66.67%, P=0.894) and liquid-based cytology
(57.14%, P=0.245), but significantly lower than HPV testing (99.21%, P=0.000). The positive predictive value
(PPV) of TruScreen (11.55%) was significantly higher than that of HPV testing (7.24%, P=0.001), similar
to liquid-based cytology (10.21%, P=0.443), and significantly lower than colposcopic impression (27.36%,
P=0.000). The negative predictive value (NPV) of TruScreen (96.33%) was significantly lower than HPV testing
(99.45%, P=0.023), but similar to liquid-based cytology (95.51%, P=0.353), and colposcopic impression
(97.38%, P=0.122) (Table 2). Truscreen showed higher specificity and PPV when compared with HPV testing,
but lower specificity and PPV than colposcopic impression, and lower NPV than HPV testing.

Diagnostic performance of a combination of HR-HPV testing and TruScreen to detect cervical
HSIL, AIS, or more severe lesions

Women with HR-HPV-positive results were further triaged by TruScreen or cytology. HR-HPV-positive women
further triaged with TruScreen had a similar positive rate as with the current cervical cancer screening strategy
based on cytology triage for HR-HPV primary screening (Table 3). For detection of cervical HSIL, AIS, or more
severe lesions in HR-HPV-positive women, the sensitivity, specificity, PPV, and NPV of women triaged with
TruScreen (64.8%, 64.11%, 12.35%, and 95.89% respectively) was similar with HR-HPV-positive women triaged
with TCT (57.6%, 66.29%, 11.76%, 95.25%, respectively, all P values > 0.05, Table 3).

Diagnostic performance of TruScreen in the detection of cervical HSIL, AIS, or more severe
lesions in patients with type 3TZ

Among the 1908 subjects, 1234 had a type 3 TZ. For the detection of HSIL, AIS, or more severe cervical lesions
in these patients, the specificity of TruScreen (67.59%) was significantly higher than that of HPV testing (11.03%,
P=0.000), but similar to liquid-based cytology (64.29%, P=0.104), and significantly lower than colposcopic
impression (90.00%, P=0.000). Additionally, the sensitivity of TruScreen was 72.29%, which was similar to
the colposcopic impression (68.67%, P=0.734) and liquid-based cytology (65.06%, P=0.403), but significantly
lower than HPV testing (98.80%, P=0.000). The PPV of TruScreen (13.86%) was significantly higher than that of
HPYV testing (7.41%, P=0.000), but similar to liquid-based cytology (11.61%, P=0.318), and significantly lower
than colposcopic impression (33.14%, P=0.000). The NPV of TruScreen (97.13%) was similar to that of HPV
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HPYV testing Liquid-based cytology Colposcopic impression TruScreen

No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate%
Threshold | HR-HPV positive ASC-US+ HSIL Abnormal
Detection of HSIL, AIS, or more severe lesions (n=283)
Sensitivity | 82/83 98.80 54/83 65.06 57/83 68.67 60/83 72.29
Specificity | 127/1151 11.03 740/1151 64.29 1036/1151 90.00 778/1151 67.59
PPV 82/1106 7.41 54/465 11.61 57/172 33.14 60/433 13.86
NPV 127/128 99.22 740/769 96.23 1036/1062 97.55 778/801 97.13

Table 4. Clinical performance of HPV testing, liquid-based cytology, colposcopic impression, and TruScreen
for the detection of HSIL, AIS, or more severe lesions in patients with type 3 transformation zone. PPV:
positive predictive value; NPV: negative predictive value; HR-HPV: high-risk human papillomavirus; ASC-US:
atypical squamous cells of undetermined significance; HSIL: high-grade squamous intraepithelial lesion; AIS:
adenocarcinoma in situ.

HPV testing Liquid-based cytology Colposcopic impression TruScreen

No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate% | No. of Positive/N | Estimate%
Threshold | HR-HPV positive ASC-US+ HSIL Abnormal
Detection of HSIL, AIS, or more severe lesions (n=43)
Sensitivity | 43/43 100 18/43 41.86 27/43 62.79 22/43 51.16
Specificity | 54/631 8.56 409/631 64.82 522/631 82.73 376/631 59.59
PPV 43/620 6.94 18/240 7.50 27/136 19.85 22/277 7.94
NPV 54/54 100 409/434 94.24 522/538 97.03 376/397 94.71

Table 5. Clinical performance of HPV testing, liquid-based cytology, colposcopic impression, and TruScreen
for the detection of HSIL, AIS, or more severe lesions in patients with type 1 and type 2 transformation zones.
PPV: positive predictive value; NPV: negative predictive value; HR-HPV: high-risk human papillomavirus;
ASC-US: atypical squamous cells of undetermined significance; HSIL: high-grade squamous intraepithelial
lesion; AIS: adenocarcinoma in situ.

testing (99.22%, P=0.234), liquid-based cytology (96.23%, P=0.328), and colposcopic impression (97.55%,
P=0.661) (Table 4). In patients with type 3 TZ, TruScreen showed higher specificity and PPV compared with
HPYV testing, but lower specificity and PPV than colposcopic impression.

Diagnostic performance of TruScreen in the detection of cervical HSIL, AlS, or more severe
lesions in patients with type 1 and type 2 TZs

Among the 1908 subjects, 416 were with type 1 TZ, and 258 were with type 2 TZ. For the detection of HSIL,
AIS, or more severe lesions with type 1 and type 2 TZs, the specificity of TruScreen (59.59%) was significantly
higher than that of HPV testing (8.56%, P=0.000), but similar to liquid-based cytology (64.82%, P=0.063), and
significantly lower than colposcopic impression (82.73%, P=0.000). Additionally, the sensitivity of TruScreen
was 51.16%, which was significantly lower than HPV testing (100%, P=0.000), but similar to liquid-based
cytology (41.86%, P=0.517) and colposcopy impression (62.79%, P=0.384). The PPV of TruScreen (7.94%)
was similar to HPV testing (6.94%, P=0.580) and liquid-based cytology (7.50%, P=0.871), but significantly
lower than colposcopic impression (19.85%, P=0.001). The NPV (94.71%) of TruScreen was similar to that of
HPV testing (100%, P=0.157), liquid-based cytology (94.24%, P=0.880), and colposcopic impression (97.03%,
P=0.089) (Table 5).

In patients with type 1 and type 2 TZs, TruScreen showed higher specificity than HPV testing, lower
specificity, and PPV than colposcopic impression, and lower sensitivity than HPV testing. Interestingly, we also
found that TruScreen showed some strength in the detection of HSIL, AIS or more severe lesions for patients
with type 3 TZ, even higher than its performance in type 1 and type 2 TZs, with significantly higher sensitivity
(P=0.029), specificity (P=0.001), PPV (P=0.016), and NPV (P=0.049).

Discussion

More than 85% of cervical cancers are detected in low-income and middle-income countries?*, which resulted
from the comparatively low coverage of the HPV vaccine and cervical cancer screening®. Liquid-based cytology
and HPV DNA or mRNA testing are the 2 main screening methods. However, they both take some time to get
the results, which vary from several days to several weeks, by different centers. A comparatively new screening
method, TruScreen, with its advantage of instant results, has come to the attention of many clinicians. In this
study, with data analysis from our center, we found that TruScreen has a screening accuracy generally comparable
to liquid-based cytology, and its strength is even more apparent in patients with type 3 TZ.
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TruScreen is a real-time optoelectronic intelligent technology for the screening of cervical cancer?. It is an
objective, self-checking digital system that can be used by medical staff with minimal training. Unlike liquid-
based cytology or HPV testing, this technology requires little infrastructure and resources, and no cytologist®’.
The role of TruScreen in cervical cancer screening has been reported in many clinical studies, with a sensitivity
varying from 43 to 76% and specificity varying from 53 to 92% for detecting HSIL+ cervical lesions®!+28-30, In
our study, the performance of TruScreen for screening and triage of HR-HPV-positive women was comparable
to liquid-based cytology, consistent with previous reports®!. Currently, there are 3 available cervical cancer
screening strategies: primary HPV screening, co-testing with HPV testing and cervical cytology, and cervical
cytology alone?. The excellent performance of TruScreen gives us an option of replacing liquid-based cytology
screening with TruScreen in areas with limited resources’. However, in centers with qualified cytologists, the
liquid-based cytology could provide us with more valuable information than TruScreen, since the results we get
from TruScreen are with two tiers and are only classified as “normal” or “abnormal”. In contrast, the cytology
results have multiple tiers, providing more information to estimate the risk of HSIL, AIS or more severe lesions.
Therefore, cytology still serves an irreplaceable role in cervical cancer screening, while TruScreen provides an
option in low resource areas.

We also evaluated the performance of colposcopic impressions. Published data consistently reported a
large variability in sensitivity and specificity, with values ranging from 30 to 90% and 40-95%, respectively2.
Our center has highly trained colposcopists, each performing more than 1000 colposcopies yearly, and their
performances are appraised monthly. Therefore, the sensitivity and specificity of our colposcopic impression
are comparatively high, 66.67% and 87.49%, respectively. Colposcopy is an essential diagnostic tool for cervical
intraepithelial neoplasia and cervical cancer, but is not generally used as a screening tool. What surprised us was
that the sensitivity for HSIL, AIS, or more severe lesions of TruScreen in patients with type 3 TZ was even higher
than the colposcopic impression, although the difference was insignificant.

Our study further evaluated the clinical performance of TruScreen for detecting HSIL, AIS, or more severe
lesions in patients with different TZ types. Interestingly, TruScreen performed better in patients with type
3 TZ than those with type 1 and type 2 TZs. The reason for this phenomenon may be attributed to the fact
that the TruScreen sensor could be pointed into the external cervical os and get more information from the
cervical canal, which consequently improves the detection accuracy. During TruScreen examination, tissue
is illuminated at four discrete wavelengths in the visible and infrared regions of the spectrum. Furthermore,
TruScreen incorporates electrical measurements of decay curves where the rate of electrical decay is inversely
proportional to the degree of abnormality on the cervix!'?. However, for liquid-based cytology, if the external
cervical os were too small or even closed, it is challenging to acquire cell samples from the cervical canal. Also,
during colposcopic examination, we cannot perceive the cervical canal and may only appraise its condition by
endocervical curettage.

This study also had a few limitations. First, TruScreen was not performed simultaneously with liquid-based
cytology or HPV testing, which may have resulted in a biased observation. Second, the sensitivity of liquid-based
cytology for patients with type 1 and type 2 TZs was only 41.86%. Since our center is one of the best centers
in China, and we have many referrals from primary medical institutions that don’t have enough well-qualified
cytologists, the accuracy of their liquid-based cytology results might be compromised.

In conclusion, TruScreen, as a real-time technology, has detection accuracy comparable to liquid-based
cytology and performs even better in patients with type 3 TZ.

Data availability

The datasets generated for this study are available upon written request to the corresponding author.

Received: 9 May 2024; Accepted: 4 November 2024
Published online: 08 November 2024

References
1. Sung, H. et al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and Mortality Worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 71 (3), 209-249 (2021).
2. Canfell, K. et al. Mortality impact of achieving WHO cervical cancer elimination targets: a comparative modelling analysis in 78
low-income and lower-middle-income countries. Lancet. 395 (10224), 591-603 (2020).
3. Practice Bulletin No. 168: Cervical Cancer Screening and Prevention. Obstet. Gynecol. 128 (4), e111-e130 (2016).
4. Brown, B. H., Highfield, P. E. & Tidy, J. A. Prognostic Value of Electrical Impedance Spectroscopy (EIS) when used as an Adjunct
to Colposcopy - A Longitudinal Study. J. Electr. Bioimpedance. 11 (1), 81-86 (2020).
5. Shukla, S. et al. Design, fabrication and testing of 3D printed smartphone-based device for collection of intrinsic fluorescence from
human cervix. Sci. Rep. 12 (1), 11192 (2022).
6. Long, S. et al. The feasibilities of TruScreen for primary cervical cancer screening: a self-controlled study. Arch. Gynecol. Obstet. 288
(1), 113-118 (2013).
7. Wei, Y. et al. Clinical evaluation of a real-time optoelectronic device in cervical cancer screening. Eur. J. Obstet. Gynecol. Reprod.
Biol. 266, 182-186 (2021).
8. Ma, Y. et al. Comparison of the detection rate of cervical lesion with TruScreen, LBC test and HPV test: a real-world study based
on population screening of cervical cancer in rural areas of China. PLoS One. 15 (7), 0233986 (2020).
9. Salazar-Campos, J. E. et al. Cervicouterine Cancer screening - TruScreen vs. conventional cytology: pilot study. J. Cytol. 35 (3),
143-148 (2018).
10. Singer, A. et al. A real time optoelectronic device as an adjunct to the pap smear for cervical screening: a multicenter evaluation.
Int. J. Gynecol. Cancer. 13 (6), 804-811 (2003).
11. Pruski, D. et al. [Assessment of optoelectronic method and molecular test usefulness for cervical intraepithelial neoplasia and
cervical cancer detection]. Ginekol. Pol. 81 (6), 426-430 (2010).
12. Pruski, D. et al. [Assesment of real optoelectronic method in the detection of cervical intraepithelial neoplasia]. Ginekol. Pol. 79
(5), 342-346 (2008).

Scientific Reports |

(2024) 14:27220 | https://doi.org/10.1038/s41598-024-78773-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

13. Pruski, D. P. M., Kedzia, W., Kedzia, H., Jagielska-Pruska, J. & Spaczynski, M. Optoelectronic method for detection of cervical
intraepithelial neoplasia and cervical cancer. Opto-Electron Rev. 19, 478-485 (2011).

14. Yang, H., Zhang, X. & Hao, Z. The diagnostic accuracy of a real-time optoelectronic device in cervical cancer screening: a PRISMA-
compliant systematic review and meta-analysis. Med. (Baltim). 97 (29), e11439 (2018).

15. Suchonska, B., Gajzlerska-Majewska, W. & Wielgos, M. Evaluation of a real-time optoelectronic method in the diagnostics of CIN
over four years of observations. PLoS One. 16 (2), €0247702 (2021).

16. Li, W, Guo, Y., Niu, H,, Jin, S. & Wang, L. Application of TruScreen in detecting ASCUS patients. Asian Pac. J. Trop. Med. 4 (8),
669-671 (2011).

17. Nayar, R. & Wilbur, D. C. The pap test and Bethesda 2014: the reports of my demise have been greatly exaggerated. (after a
quotation from Mark Twain). J. Low Genit. Tract. Dis. 19 (3), 175-184 (2015).

18. Wheeler, C. M. et al. Comparing the performance of two HPV assays for a new use indication: a real-world evidence-based
evaluation in the United States. Am. J. Obstet. Gynecol. (2023).

19. Zhong, F. et al. HPV genotyping of cervical histologic specimens of 61, 422 patients from the largest women hospital in China.
Front. Oncol. 13, 1161631 (2023).

20. Bornstein, J. et al. 2011 colposcopic terminology of the International Federation for Cervical Pathology and Colposcopy. Obstet.
Gynecol. 120 (1), 166-172 (2012).

21. Darragh, T. M. et al. The Lower Anogenital squamous terminology standardization project for HPV-associated lesions: background
and consensus recommendations from the College of American Pathologists and the American Society for Colposcopy and
Cervical Pathology. Int. J. Gynecol. Pathol. 32 (1), 76-115 (2013).

22. Perkins, R. B. et al. 2019 ASCCP Risk-Based Management Consensus guidelines for abnormal cervical Cancer screening tests and
Cancer precursors. J. Low Genit. Tract. Dis. 24 (2), 102-131 (2020).

23. Massad, L. S. et al. 2012 updated consensus guidelines for the management of abnormal cervical cancer screening tests and cancer
precursors. Obstet. Gynecol. 121 (4), 829-846 (2013).

24. Benard, E. et al. Potential population-level effectiveness of one-dose HPV vaccination in low-income and middle-income
countries: a mathematical modelling analysis. Lancet Public. Health. 8 (10), €788-e799 (2023).

25. Zago, R. A., Camilo-Junior, D. J., Pires, D., Avilla, S. C. G., Xavier-Junior, J. C. C. & , The impact of transformation zone
representation on the frequency of abnormal cervical cytological results. Eur. J. Obstet. Gynecol. Reprod. Biol. 289, 173-176 (2023).

26. Wang, Z. et al. TruScreen detection of cervical tissues for high-risk human papillomavirus-infected women during the COVID-19
pandemic. Future Oncol. 17 (10), 1197-1207 (2021).

27. Ozgu, E. et al. Efficacy of a real time optoelectronic device (TruScreen) in detecting cervical intraepithelial pathologies: a
prospective observational study. J. Turk. Ger. Gynecol. Assoc. 16 (1), 41-44 (2015).

28. Du, X. et al. Diagnostic value of TruScreen in cervical lesions screening. Zhonghua Yi Xue Za Zhi. 95 (29), 2379-2381 (2015).

29. Atanassova, D., Zlatkov, V., Borisov, S. & Veleva, G. Diagnostic value of TruScreen, cytology and colposcopy. Akush Ginekol.
(Sofiia). 52 (3), 7-18 (2013).

30. Abdul, S., Brown, B. H., Milnes, P. & Tidy, J. A. The use of electrical impedance spectroscopy in the detection of cervical
intraepithelial neoplasia. Int. J. Gynecol. Cancer. 16 (5), 1823-1832 (2006).

31. He, X. K. et al. [An optoelectronic cervical cancer screening system for screening cervical cancer: comparison with cervical
cytology]. Nan Fang Yi Ke Da Xue Xue Bao. 30 (10), 2304-2306 (2010).

32. Origoni, M. et al. Colposcopy Accuracy and Diagnostic Performance: a Quality Control and Quality Assurance Survey in Italian
Tertiary-Level Teaching and Academic Institutions-The Italian Society of Colposcopy and Cervico-Vaginal Pathology (SICPCV).
Diagnostics (Basel) ;13(11). (2023).

Acknowledgements
We thank all the medical staft who took part in the care of these patients.

Author contributions
Conceptualization, L.S. and EX.; methodology, L.S. and EX.; writing-original draft preparation, EX.; writing-re-
view and editing, L.S. Both authors have read and agreed to the published version of the manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Ethical considerations

This study was carried out according to the principles in the Declaration of Helsinki 1964 and all subsequent
revisions. It was approved by the institutional ethics review board of the Obstetrics and Gynecology Hospital of
Fudan University. Informed consent was obtained from all individual participants included in the study.

Additional information
Correspondence and requests for materials should be addressed to L.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports|  (2024) 14:27220 | https://doi.org/10.1038/s41598-024-78773-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:27220 | https://doi.org/10.1038/s41598-024-78773-w nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Evaluation of a real-time optoelectronic method for the detection of cervical intraepithelial neoplasia and cervical cancer in patients with different transformation zone types
	﻿Methods
	﻿TruScreen testing

	﻿Liquid-based cytology
	﻿HPV testing
	﻿Colposcopy and cervical biopsy
	﻿Combined screening method
	﻿Statistical analysis

	﻿Results
	﻿General characteristics
	﻿TruScreen testing results
	﻿Diagnostic performance of TruScreen in the detection of cervical HSIL, AIS, or more severe lesions
	﻿Diagnostic performance of a combination of HR-HPV testing and TruScreen to detect cervical HSIL, AIS, or more severe lesions
	﻿Diagnostic performance of TruScreen in the detection of cervical HSIL, AIS, or more severe lesions in patients with type 3 TZ
	﻿Diagnostic performance of TruScreen in the detection of cervical HSIL, AIS, or more severe lesions in patients with type 1 and type 2 TZs

	﻿Discussion
	﻿References


