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Objective: Early screening and intervention are crucial for the prevention and treatment of cervical can-
cer. TruScreen is a real-time, intelligent, pathological diagnostic technology designed for cervical cancer
screening. The aim of this study was to evaluate the clinical value of TruScreen in screening for cervical
lesions.
Study design: A total of 458 women aged between 25 and 65 years were recruited to receive cervical can-
cer screening, including human papillomavirus (HPV) testing, cytological testing using the ThinPrep
cytology test (TCT), and TruScreen from December 2018 to January 2020. The clinical performance of
TruScreen, alone and in combination with HPV testing, was evaluated to detect cervical intraepithelial
neoplasia grade 2 or worse (CIN2+ or CIN3+).
Results: For detection of CIN2+, the sensitivity and specificity of TruScreen were 83.78% and 78.86%,
respectively. The specificity of TruScreen was significantly higher than those of HPV testing (50.59%,
P < 0.001) and TCT (55.58%, P < 0.001). In high-risk HPV-positive women, the specificity of HPV testing
combined with TruScreen was significantly higher than that of HPV testing combined with TCT (50%
vs 39.9%, P = 0.004). The sensitivity of HPV testing combined with TruScreen was comparable to that
of HPV testing combined with TCT (93.94% vs 87.88%, P = 0.625). Similar patterns were also observed
for CIN3+ cases.
Conclusion: TruScreen has the potential for screening high-grade cervical precancerous lesions and may
replace cytological tests as a cervical cancer screening method in China to avoid subjectivity in the inter-
pretation of cytological tests and requirements by pathologists.

� 2021 Elsevier B.V. All rights reserved.
Introduction

Cervical cancer is one of the most common malignant tumours,
ranking fourth in morbidity and mortality among females globally.
In 2018, there were approximately 570 000 cases of cervical cancer
and 311 000 related deaths [1]. Due to lack of universal access to
vaccines and screening, China contributes to approximately 18.6%
of the global cervical cancer burden, with 106 000 cervical cancer
cases and 48 000 deaths due to cervical cancer per year [2]. Since
Harald zur Hausen first described the association between human
papillomavirus (HPV) and cervical cancer [3], it is now widely
known that a persistent high-risk HPV (HR-HPV) infection is clo-
sely related to the occurrence of cervical cancer [4]. It is a dynamic
process that takes 5–15 years for the progression of an HR-HPV
infection to become precancerous lesions of cervical cancer and
for the occurrence of invasive cervical cancer. Therefore, effective
early screening and intervention are extremely important to
reduce the morbidity and mortality rates associated with cervical
cancer.

At present, the commonly-used screening methods for cervical
cancer include HPV DNA testing and cytological testing [5]. How-
ever, screening for cervical cancer is shifting from primary cytolog-
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ical testing to primary HPV testing [6]. With advancements in
science and technology, a real-time optoelectronic device, TruSc-
reen, has attracted international attention as a novel artificial intel-
ligence auxiliary screening method for cervical cancer, which has
the advantages of real-time results, simple operation require-
ments, and objectivity [7]. Although TruScreen has been used clin-
ically for the past few years, there are limited reports on the
diagnostic performance of the device for cervical intraepithelial
neoplasia (CIN), especially CIN grade 2 or worse (CIN2+), in China.

Our study aimed to evaluate the clinical value of TruScreen in
cervical cancer screening by comparing the diagnostic perfor-
mances of TruScreen, cytological testing, and HPV testing for the
detection of CIN2+ and CIN grade 3 or worse (CIN3+) cases, and
in particular, the detection ability of the former two methods in
HR-HPV-positive Chinese women.
Materials and methods

Overview of screening methods for subjects

Women aged 25–65 years who were opportunistically screened
for cervical cancer from December 2018 to January 2020 at Renji
Hospital (affiliated to Shanghai Jiao Tong University School of Med-
icine) were included in the study. ThinPrep cytology test (TCT) and
HPV genotyping were performed on all the women. Based on TCT
and HPV genotyping results, the patients were divided into four
groups which were subjected to stratified sampling to finally
determine 458 subjects. The four groups were divided in the fol-
lowing manner: (1) 94 TCT atypical squamous cells of undeter-
mined significance (ASCUS) or worse and HR-HPV-negative
cases; (2) 120 TCT ASCUS or worse and HR-HPV-positive cases;
(3) 123 TCT-negative and HR-HPV-negative cases; (4) 121 TCT-
negative and HR-HPV-positive cases. Exclusion criteria for strati-
fied sampling included current menstrual period during the exam-
ination period, history of hysterectomy or trachelectomy, gestation
or <42 days postpartum, previous history of pelvic radiation ther-
apy or chemotherapy, inability to cooperate with the examination
for any reasons such as severe surgical or orthopaedic disease, and
mental disorders.

A further cervical examination with a TruScreen real-time opto-
electronic scanner was performed on these subjects. If abnormal
results were obtained from TruScreen, a cervical tissue biopsy
was performed in addition to HPV genotyping or TCT, and elec-
tronic colposcopy. A pathological biopsy report was obtained one
week after the colposcopy examination. All tests were completed
within 2–4 weeks.

TruScreen screening

The TruScreen device was supplied by TruScreen Pty Ltd (Syd-
ney, Australia). The operator used a disposable photoelectric sensor
that targeted at least 15 sites of the cervical surface in the order
specified in the manual of the device. The results were obtained
in real time. The results were defined as: (1) Normal (no abnormal
cervical cells were found) or (2) Abnormal (abnormal cells were
found in the cervix).

TCT screening

Samples were subjected to TCT in the pathology laboratory, and
the results were reviewed by two pathologists before being
reported. The results were analysed using the Bethesda system
and graded as negative intraepithelial lesion or malignancy (NILM),
ASCUS, low-grade squamous intraepithelial lesion (LSIL), high-
grade squamous intraepithelial lesion (HSIL), atypical squamous
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cells-cannot exclude HSIL, squamous cell carcinoma, atypical glan-
dular cells, or adenocarcinoma in situ.

HPV testing

The liquid samples collected by the clinician were tested with
the 21 HPV GenoArray Diagnostic Kit (Hybribio Ltd, Hong Kong)
according to the manufacturer’s instructions, and the 21 detection
subtypes included 15 high-risk types (16, 18, 31, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59, 66, and 68) and 6 low-risk types (6, 11, 42, 43, 44,
and CP8304).

Electronic colposcopy and cervical biopsy

The cervix was examined using the acetic acid test and iodine
test successively and observed with a magnification microscope.
Biopsies of suspicious lesions were taken for pathological examina-
tion. In addition, endocervical curettage was performed for sub-
jects whose cervical squamocolumnar junction could not be fully
exposed. The pathological sections were reviewed by two senior
attending pathologists before being reported. Histological results
were included and defined as normal, condyloma change, CIN 1–
3, carcinoma in situ, or invasive cancer. The end points were
CIN2+ and CIN3+.

Combined screening method

To further test the ability of the TruScreen triage for CIN2+ and
CIN3+ compared with that of the cytological test, 241 women with
HR-HPV infection were selected among 458 participants. The indi-
cation of colposcopy referral was considered to be the positive cri-
terion for combined screening methods. When HPV genotyping
combined with TCT or TruScreen was performed in HR-HPV-
positive women, the indicators for a colposcopy were HPV16/18-
positive with TCT NILM or TruScreen normal results or HR-HPV-
positive with TCT ASCUS-positive or TruScreen abnormal results.

Statistical analysis

IBM SPSS software (Version 23.0) was used to process the data
mentioned above. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of each screening
method were calculated by using CIN2+ and CIN3+ as the gold
standard. Exact McNemar’s v2 test was used to compare differ-
ences between groups. Statistical significance was recognised as
P < 0.05.

Ethical considerations

This study was carried out according to the principles set out in
the Declaration of Helsinki 1964 and all subsequent revisions. It
was approved by the Renji Hospital (affiliated with Shanghai Jiao
Tong University School of Medicine) Ethics Committee (Commit-
tee’s reference number: 2018–211). Informed consent was
obtained from all individual participants included in the study.

Results

Baseline characteristics

There were 458 subjects included in the study, with an average
age of 41.52 years. Pathological results showed that there were 37
(8.08%) CIN2+ cases, including 11 (2.40%), 24 (5.24%), and 2 (0.44%)
CIN2, CIN3, and cervical cancer cases, respectively. There were 69
(15.07%), 214 (46.72%), and 120 (26.20%) HPV16/18-positive, TCT
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ASCUS or worse, and TruScreen abnormal cases among the 458
subjects, respectively (Table 1).

TruScreen screening results

The positive rate of TruScreen markedly increased with increas-
ing severity of TCT diagnosis, from 14.34% (35/244) in women with
NILM to 100% (8/8) in women with HSIL. Similarly, this rate
increased from 25.68% (66/257) to 83.33% (20/24) and 100% (2/2)
in women with normal histology results, CIN3, and cervical cancer,
respectively (Table S1).

Diagnostic performance of TruScreen in detection of CIN2+ and CIN3+

For detection of CIN2+, the specificity of TruScreen (78.86%) was
significantly higher than that of HPV testing (50.59%, P < 0.001) and
TCT (55.58%, P < 0.001). Additionally, the sensitivity of TruScreen
was 83.78%, which was similar to that of HPV testing (89.19%,
P = 0.754) and TCT (72.97%, P = 0.344). The PPV of TruScreen
(25.83%) was significantly higher than that of HPV testing
(13.69%, P < 0.01) and TCT (12.62%, P < 0.01), while the NPV
(98.22%) was similar to that of HPV testing (98.16%, P = 1.000)
and TCT (95.90%, P = 0.091) (Table 2). Similar results were obtained
for CIN3+ cases. When compared with HPV testing and TCT, TruSc-
reen showed higher specificity (77.31%) and PPV (18.33%), but sim-
ilar sensitivity (84.62%) and NPV (98.82%) (Table 2).

Diagnostic performance of a combination of HPV testing and
TruScreen to detect CIN2+ and CIN3+

In combined screening trials of 241 HR-HPV-positive women,
there were 154 (63.90%) and 135 (56.02%) patients screened
through HPV genotyping and TCT or HPV genotyping and TruSc-
reen, respectively, who met the criteria for a colposcopy referral
(Table 3).

Women with HR-HPV-positive results were further triaged by
TruScreen or TCT. HR-HPV-positive women with a further triage
with TruScreen had a lower positive rate (56.02%), but higher
specificity and similar sensitivity than the group screened with
the current cervical cancer screening strategy based on TCT triage
for HPV primary screening (Table 3). For detection of CIN2+ with
TruScreen, HR-HPV-positive women had a higher specificity (50%
vs 39.9%, P = 0.004), PPV (22.96% vs 18.83%, P < 0.001), and NPV
(98.11% vs 95.4%, P < 0.001) than HR-HPV-positive women
screened with TCT, while the sensitivity of the two screening
methods was similar (93.94% vs 87.88%, P = 0.625) (Table 3). For
CIN3+ detection, the sensitivity was equal for both strategies
(95.45%), while HR-HPV-positive-women screened with TruScreen
Table 1
Distribution of HR-HPV, TCT and TruScreen by Histological Results among 458 Women.

Total NO. (%) Normal NO.(%) CIN1

HR-HPV
Negative 217(47.38) 88(34.24) 7(15.2
HPV16/18+ 69(15.07) 36 (14.01) 11(23
non-HPV 16/18+ 172(37.55) 133(51.75) 28(60
TCT
NILM 244(53.28) 101(39.30) 15(32
ASCUS 145(31.66) 112(43.58) 21(45
LSIL or worse 69(15.07) 44(17.12) 10(21
TruScreen
Normal 338(73.80) 191(74.32) 23(50
Abnormal 120(26.20) 66 (25.68) 23(50
Total 458 257(56.11) 46(10

HR-HPV: high-risk human papillomavirus; TCT: ThinPrep cytology test; CIN: cervical int
atypical squamous cells of undetermined significance; LSIL: low-grade squamous intrae
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exhibited a significantly higher specificity (47.95% vs 39.27%,
P = 0.011), PPV (15.56% vs 13.64%, P < 0.001), and NPV (99.06%
vs 98.85%, P < 0.001) than HR-HPV-positive women screened with
TCT (Table 3).
Discussion

Early screening and intervention are key to preventing and
treating cervical cancer. Large-scale and effective cervical cancer
screening and the application of the HPV vaccine have greatly
reduced cervical cancer rates in many countries [8]. However, in
most developing countries, cervical cancer rates remain high [9],
which may be due to lacking economic capacity, limited health
care, inadequate cancer screening, and lack of universal access to
vaccines. In China, although there have been substantial morbidity
andmortality due to HPV-associated cervical cancer cases, both the
vaccination rates and screening coverage remain low. The current
rate of cervical cancer screening in Chinese women is 21.4% [10].
Notably, the HPV vaccine is expensive and only available in limited
supply, despite it being imported into China in recent years [11].
Because of these factors, most Chinese women are still not
vaccinated.

Cytological detection methods are widely used in clinical prac-
tice, but it often takes several days to receive results due to the
delay associated with transporting samples to laboratories for
analysis and reporting. Furthermore, cytological testing results
are easily affected by subjective factors such as sampling and dif-
fering expertise in reading pathological results, resulting in low
sensitivities and high rates of missed diagnoses [12]. In one study
[13], sensitivities of the liquid-based cytology examinations were
in the ranges of 52%–94% and 52%–98% for the detection of CIN2
+ and CIN3+, respectively. Furthermore, specificities were in the
range of 73%–97% for the detection of CIN2+. HPV testing is more
sensitive than cytological methods for the detection of high-
grade intraepithelial neoplasia of the cervix [14]. Notably, most
HPV infections are transient, resulting in high false-positive rates
of HPV testing. The number of individuals referred for a colposcopy
due to positive HPV test results was twice as high as that for cytol-
ogy [15]. This leads to unnecessary testing and treatment for over-
diagnosis and increases the physical, psychological, and economic
burden on patients. Therefore, it is imperative to find an efficient
adjuvant screening method to improve the diagnostic accuracy of
cervical precancerous lesions.

TruScreen is a real-time optoelectronic intelligent screening
technology for cervical cancer and precancerous lesions. This tech-
nology has an objective, self-checking digital system that can be
used by medical or paramedical staff with minimal training and
without the infrastructure and resource costs associated with
NO.(%) CIN2 NO.(%) CIN3 NO.(%) Cancer NO.(%)

2) 0 3(12.50) 1(50)
.91) 7(63.64) 14(58.33) 1(50)
.87) 4(36.36) 7(29.17) 0

.61) 6(54.55) 4(16.67) 0

.65) 2(18.18) 8(33.33) 2(100)

.74) 3(27.27) 12(50) 0

) 2(18.18) 4(16.67) 0
) 9(81.82) 20(83.33) 2(100)
) 11(2.40) 24(5.24) 2(0.44)

raepithelial neoplasia; NILM: negative intraepithelial lesion or malignancy; ASCUS:
pithelial lesion.



Table 2
Clinical Performance of HPV testing, TCT and TruScreen for Detection of CIN2+ and CIN3+.

HPV testing TCT TruScreen P value

NO. of Positive/N Estimate% (95% CI) NO. of Positive/N Estimate% (95% CI) NO. of Positive/N Estimate% (95% CI) P1 P2

Threshold HR-HPV-positive ASCUS+ Abnormal
Detection of CIN2+ (N = 37)
Sensitivity 33/37 89.19(74.58, 96.97) 27/37 72.97(55.88, 86.21) 31/37 83.78(67.99, 93.81) 0.754 0.344
Specificity 213/421 50.59(45.71, 55.47) 234/421 55.58(50.69, 60.39) 332/421 78.86(74.64, 82.66) <0.001 <0.001
PPV 33/241 13.69(9.62, 18.69) 27/214 12.62(8.48, 17.82) 31/120 25.83(18.28, 34.62) 0.004 0.002
NPV 213/217 98.16(95.35, 99.50) 234/244 95.90(92.59, 98.02) 332/338 98.22(96.18, 99.35) 1.000 0.091
Detection of CIN3+ (N = 26)
Sensitivity 22/26 84.62(65.13, 95.64) 22/26 84.62(65.13, 95.64) 22/26 84.62(65.13, 95.64) 1.000 1.000
Specificity 213/432 49.31(44.49, 54.13) 240/432 55.56(50.73, 60.30) 334/432 77.31(73.07, 81.18) <0.001 <0.001
PPV 22/241 9.13(5.81, 13.49) 22/214 10.28(6.56, 15.15) 22/120 18.33(11.86, 26.43) 0.012 0.037
NPV 213/217 98.16(95.35, 99.50) 240/244 98.36(95.86, 99.55) 334/338 98.82(97, 99.68) 0.718 0.726

P1 indicates the comparison between HPV testing and TruScreen.
P2 indicates the comparison between TCT and TruScreen.
CI: confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; HR-HPV: high-risk human papillomavirus; TCT: ThinPrep cytology test; CIN: cervical
intraepithelial neoplasia; ASCUS: atypical squamous cells of undetermined significance.

Table 3
Clinical Performance of HPV genotyping combined with TruScreen or TCT in HR-HPV-positive women for Detection of CIN2+ and CIN3+.

HR-HPV (+) with TruScreen HR-HPV (+) with TCT P value

NO. of Positive/N Estimate% (95% CI) NO. of Positive/N Estimate% (95% CI)

Threshold Normal TruScreen with HPV16/18 positive, or
Abnormal TruScreen with HR-HPV-positive

NILM of TCT with HPV16/18 positive, or ASCUS+ of
TCT with HR-HPV-positive

Positive 135/241 56.02 (49.5, 62.38) 154/241 63.9(57.49, 69.97)
Detection of CIN2+(N = 33)
Sensitivity 31/33 93.94(79.40, 99.32) 29/33 87.88(72.07, 95.79) 0.625
Specificity 104/208 50(43.01, 56.99) 83/208 39.9(33.2, 46.9) 0.004
PPV 31/135 22.96(16.17, 30.98) 29/154 18.83(12.99, 25.91) <0.001
NPV 104/106 98.11(93.35, 99.77) 83/87 95.4(88.64, 98.73) <0.001
Detection of CIN3+ (N = 22)
Sensitivity 21/22 95.45(76.49, >99.99) 21/22 95.45(76.49, >99.99) 1.000
Specificity 105/219 47.95(41.17, 54.78) 86/219 39.27(32.76, 46.08) 0.011
PPV 21/135 15.56(9.89, 22.79) 21/154 13.64(8.64, 20.09) <0.001
NPV 105/106 99.06(94.86, 99.98) 86/87 98.85(93.76, 99.97) <0.001

P value indicates comparison between TruScreen and TCT in HR-HPV positive women.
CI: confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; HR-HPV: high-risk human papillomavirus; TCT: ThinPrep cytology test; CIN: cervical
intraepithelial neoplasia; NILM: negative intraepithelial lesion or malignancy; ASCUS: atypical squamous cells of undetermined significance.
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cytology-based screening. TruScreen has been used as an adjunct
to cervical cancer screening tools in clinical studies [16]. Abdul
et al. [17] found that the sensitivity and specificity of TruScreen
detection of CIN2/3 were 74% and 53%, respectively. Similarly,
another multicentre evaluation showed a sensitivity of 70% for
the detection of CIN2/3 by TruScreen [18]. In our study, the sensi-
tivity and specificity findings presented in Table 2 indicate that
TruScreen performs well as a primary screening tool for detecting
CIN2+ and CIN3+.

Our study further evaluated the clinical performance of TruSc-
reen for the detection of CIN2+ and CIN3+ in HR-HPV-positive
women and compared it with that of TCT. For detection of CIN2+,
TruScreen showed a higher specificity, PPV, and NPV than TCT,
while the sensitivities of both methods were similar. Similar pat-
terns were observed for the detection of CIN3+.

There was a rare report on the diagnostic value of TruScreen
triage of primary HPV screening for cervical cancer. In a study by
Pruski et al. [19], wherein the threshold of HPV testing combined
with the optoelectronic method was either the HR-HPV or opto-
electronic method being abnormal, which was different from that
in our study, and the sensitivity of HPV testing in combination with
the optoelectronic method for the detection of CIN2/3 was 100%. In
another recent study, wherein the threshold of HPV testing com-
bined with TruScreen was similar to that in our study, the sensitiv-
ity and specificity for identifying women with CIN2+ were 96.3%
and 36.8%, respectively [20]. These results suggested that the
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detection value of HR-HPV-positive samples with a further triage
with TruScreen is no worse than that of the current cervical cancer
screening strategy based on TCT triage of HPV primary screening
for cervical cancer.

However, TruScreen cannot grade cervical abnormalities as
with TCT. Although TruScreen costs the same as HPV testing and
is slightly more expensive than TCT, TruScreen has been covered
by medical insurance in some parts of China, such as Jiangsu, Shan-
dong, and Hebei provinces. As more medical institutions introduce
TruScreen and more people use it for cervical cancer screening, we
believe that this technology will soon be included in health care in
other parts of China. Furthermore, TruScreen has the advantages of
real-time results, objectivity, non-invasiveness, portability, and a
simple operation method that does not require advanced operator
ability. To select a reasonable cervical cancer screening method, it
is important to consider not only the screening indices (such as
sensitivity and specificity) of the method, but also the applicability
of the method (including cost, efficiency, and patient experience)
[21]. Patient experience is improved because TruScreen is more
acceptable to women than a cytological test because no cervical
tissue needs to be taken during the test, meaning minimal to no
discomfort. Furthermore, real-time results are provided, so instead
of patients needing to wait for test results to come back and make
another appointment, they can ask their doctor right away if they
need further treatment. To some extent, this can also avoid the
anxiety that can arise while waiting for the report.
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Our study had a few limitations. We had a limited number of
subjects and future studies are needed to confirm the clinical value
of TruScreen as a screening tool for cervical cancer in a larger pop-
ulation. Additionally, TruScreen was not performed simultaneously
with HPV testing and TCT, which may have resulted in a biased
observation.

Conclusions

In conclusion, our study assessed the clinical value of TruScreen
in the detection of CIN2+ and CIN3+, either alone or as triage in HR-
HPV-positive women. The results show that the TruScreen device
has the potential to be used as a screening tool for cervical cancer.
This provides an additional option for appropriate cervical cancer
screening methods in China.
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