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Evaluation of Folate Receptor-Mediated Cervical Dyeing as a
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Objectives: The aim of the study was to evaluate the performance of a
folate receptor–mediated tumor detection (FRD) assay for detection of cer-
vical high-grade lesions.
Materials and Method: A total of 1504 patients with abnormal cytol-
ogy and/or positive human papillomavirus (HPV) testing during primary
screening from November 2014 to August 2015 were enrolled. The patients
were recruited from the Peking University People's Hospital and 12 other
hospitals. Folate receptor–mediated tumor detection was applied in all the
patients before colposcopy to compare the detection rate, sensitivity, speci-
ficity, positive predictive value, negative predictive value, and coincidence
rate with HPVand cytology tests according to the pathologic diagnosis.
Results: In the total of 1504 patients, 503 patients were negative for intra-
epithelial lesion or malignancy, 440 patients were cervical intraepithelial
neoplasia (CIN) 1, 254 patients were CIN 2, 257 patients were CIN 3,
46 patients were squamous cell carcinoma, and 4 patients were adenocarci-
noma in situ. The sensitivity of FRD was 77.72%, which was less than cy-
tology (80.39%) and HPV testing (95.54%). The specificity of FRD was
60.02%, which was greater than cytology (30.12%) and HPV testing
(14.95%). The coincidence rate of FRD to the pathologic diagnosis
(66.62%) was also significantly greater than atypical squamous cells of un-
determined significance cytology and above (48.87%) and HPV testing
(45.01%, p < .0001). The detection rate of FRD for all grades of lesions in-
creased with the severity of lesions.
Conclusions: Folate receptor–mediated tumor detection has a slightly
lower sensitivity and a higher specificity than cytology and HPV testing
for detection of CIN 2+. Simplicity of FRD requires less professional skill.
Folate receptor–mediated tumor detection could be a candidate test for cer-
vical cancer screening especially in low- and middle-income countries.

However, FRD still needs more clinical trial data to demonstrate its ability
in general screening population.
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(J Low Genit Tract Dis 2019;23: 133–137)

C ervical cancer accounts for 500,000 new cancer patients and
250,000 deaths annually worldwide, most of which are from

lower and middle income countries (LMICs).1 Because cervical
cancer is preventable cancer, effective cervical cancer screening
with coverage could not only save lives but also save economic
resources. Cervical cancer screening programs are generally de-
signed based on cytology, human papillomavirus (HPV) testing,
or visual inspection with acetic acid (VIA). Among these three
methods, cytology has the advantage of moderately good speci-
ficity to compensate for poor sensitivity. Visual inspection with
acetic acid is always a controversial test. The advantage of VIA is
that it could be done easily with few cost and medical technique
supports. Some head-to-head studies of cytology and VIA, espe-
cially those conducted in LMICs, have found VIA to be more sen-
sitive, but the performance characteristics of VIA as a screening
test are poor, and the training and quality control demands can
overwhelm programs.2–5 Human papillomavirus testing is relatively
more accurate and reliable, and requires less training, quality assur-
ance, and expensive personnel, but has the disadvantage of poten-
tially referring more women for colposcopy in LMICs where the
resources are very limited.6 Although primary HPV screening intro-
duces the possibility for women to provide a self-sample and thereby
reduce barriers to screening,7 women who are positive for high-risk-
HPV (hr-HPV) still require multiple visits for appropriate manage-
ment and treatment if standard clinic procedures are followed.
Therefore, VIA, which is simple and requires less resources than
visible testing, was recommended an option for a screening treat-
ment model for cervical cancer prevention among women living
in medically underserved and geographic-inconvenient regions.2

The poor sensitivity and specificity of VIA, however, make cancer
prevention programs based on VIA inefficient. New assays that
rely less on resources are inexpensive and decrease the referral
or patients are therefore needed for cervical cancer prevention in
LMICs, especially when based on the screening treatment model.

Multiple visits are also a serious problem for cervical cancer
screening in remote rural and poor regions and even in well-
developed countries, because multiple visits create a significant
portion of follow-up losses. Using China as an example, the
Chinese government has launched a strategy to reach the goal of
making cervical cancer screening to cover 80% of the eligible
Chinese women by 2020. It is unlikely that the goal will be
reached unless an easier andmore efficient screeningmodel based
on less expensive and simpler technology is developed. This con-
clusion is supported by the fact that 29.1% of the eligible women
in cities in China are screened, and 31.3% of women in the econom-
ically developed eastern cities and 16.9% in rural areas have been
screened in more than 10 years of screening efforts.8 Less available
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medical resources, such as cytologists, and the high cost of HPV
testing are a bottleneck of satisfactory screening coverage.

It has recently been shown that folate receptors are generally
not expressed or underexpressed in normal cells but overexpressed
in the membranes of tumor cells.9 Folic acid is an ideal marker for
tumor targeting because of high receptor affinity, high stability, low
immunogenicity, low molecular weight, and compatibility to both
organic and inorganic matter without modification. Based on the
characteristics of folic acid, a folate receptor–mediated tumor detec-
tion (FRD) assay was developed to detect carcinomas of the cervix.

The FRD reagent is composed of coverlet compounds of
folic acid and deoxidized methylene blue, acetic acid, and other
components. The FRD reagent functions for the following reasons:
(1) the overexpression of folate receptors on tumor cells; (2) the
large amount of reactive oxygen in tumor cells; (3) the large amount
of compounded irons, which strengthen the oxidization10; and
(4) the strong affinity of tumor cells to the compounds of folic acid
and deoxidized methylene blue.11 When staining the cervix with
FRD, the compounds of folic acid–deoxidized methylene blue will
specifically bind to the receptors on the tumor cells, and the
deoxidizedmethylene bluewill be oxidized, thus changing the orig-
inal brown color of the FRD and coloring the cotton swab. A blue,
dark blue, or black swab indicates a high-grade lesion (cervical in-
traepithelial neoplasia [CIN] 2+), whereas a brown or green swab
results from deficient oxidization of the deoxidized methylene blue
and indicates no high-grade lesion.

MATERIALS AND METHODS

Study Participants
The current study was a multicenter study conducted in col-

laboration by 13 top hospitals in Beijing, China, including Peking
University People's Hospital, Peking Union Medical College
Hospital, Chinese PLA General Hospital, Beijing Maternity
Hospital, Beijing Anzhen Hospital, Beijing Shijitan Hospital,
Beijing Tiantan Hospital, Beijing Xuanwu Hospital, Beijing
Hospital, Beijing Tongren Hospital, Peking University Third
Hospital, Beijing Fuxing Hospital, and Beijing Chaoyang Hospi-
tal. All of the enrolled patients were informed and consented. Train-
ing on research procedures was provided to all the investigators
before the project launched. This study was supported by Beijing
Natural Science Foundation (7174359).

The research subjects were recruited from the patients who
underwent cervical cancer screening with cytology and HPV test-
ing at the 13 hospitals between November 1, 2014, andAugust 31,
2015. Patients with positive HPV testing and/or cytology findings
demonstrating atypical squamous cells of undetermined signif-
icance (ASCUS) and above were enrolled before triage. Patients
who had acute infections in the lower genital tract, were preg-
nant or breast-feeding, or were undergoing treatment of the cervix
were excluded.

Cytology and HPV Testing
The cytology technique adopted in this study was the

Surepath (BD SurePath liquid-based Pap test, Becton, Dickinson
and Company, MD) or Thinprep (ThinPrep Pap test, Hologic,
MA) liquid-based test. The hr-HPV assays were HC-2 (digene
Hybrid Capture 2 hr-HPV DNATest, Qiagen, Hilden, Germany),
Hibribio (Hybribio, Guangzhou Hybribio Biochemistry Co, Ltd,
Guangzhou, China), Liferiver (Liferiver, Shanghai ZJ Bio-Tech
Co, Ltd, Shanghai, China), and Ya-neng (Ya-neng, Yaneng BIOsci-
ence [Shenzhen] Co, Ltd, Shenzhen, China). With the exception of
HC-2, all hr-HPVassays are polymerase chain reaction based. The
FRD kits were provided by Shanxi Gaoyuan Medical Equipment
Service Co, Ltd (Folate Receptor–mediated Staining Solution,
Shanxi Gaoyuan Medical Equipment Service Co, Ltd, 2014,
Shaanxi, China).

Study Protocol
All of the cytology andHPV tests were performed in the hospi-

tals according to the procedures provided by the suppliers. Patients
with abnormal cytology (≥ASCUS) and/or positive HPV testing
were referred to colposcopy according to this study protocol. Two

FIGURE 1. Identification of the FRD stains. A and B, FRD stain shows green, pathological results was inflammation. C, FRD stain shows blue,
pathological results was CIN 2. D, FRD stain shows dark blue, pathological results was CIN 3.

TABLE 1. The Age Distribution of the Patients

Age n (%)

20–29 214 (14.23)
30–39 562 (37.37)
40–49 409 (27.19)
50–65 309 (20.55)
>65 10 (0.66)
Total 1,504
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to seven days before colposcopy, the patients were called back for
FRD testing. For every hospital, 2 or 3 gynecologists were centrally
trained according to the supplier instructions in a leading hospital,
Peking University People's Hospital. Folate receptor–mediated
tumor detection stains were performed by trained clinicians, as
follows: a large FRD-soaked cotton swab was used to stain the
cervix in 5 one-way turns; the swabwas then pressed on the cervix
for 10 seconds; and a small cotton swab soaked with FRD liquid
was inserted into the endocervix for satisfactory staining. Identifi-
cation of the color on the large and small swabs was performed by
matching the color with a standard color card. A brown or green
color was interpreted as CIN-negative. Cervical intraepithelial
neoplasia 2 or worse was suspected if the color was blue, dark
blue, or black (see Figure 1). For quality control, 10% of the
FRD-positive swabs were photographed for blind review by
other investigators.

All of the enrolled patients underwent colposcopy by the
investigators in the hospital where they were enrolled (the rele-
vant hospital), and colposcopy-directed biopsies were obtained at
targeting areaswith acetowhiteningmetaplasia, or higher abnormal-
ities, usually taken at least 2 and up to 4 targeted biopsies from dis-
tinct acetowhite lesions. A randomized 2 biopsies plus endocervical
curetting was obtained when no abnormal finding was noted during
colposcopy. The biopsied specimens were reviewed and interpreted
by 2 pathologists in each relevant hospital according to the standard
hospital procedures. Pathology reviews were performed blindly of
FRD results, and the diagnosis of each case was made and reported
jointly by both reviewers.

Statistical Analysis
The research data were analyzed by statisticians from the

Medical Statistics Department of Peking University First Hospital.
SAS statistical software (Version 9.4, SAS Institute, Cary, NC)
was adopted for data analysis. The sensitivity and specificity for
CIN 2+, the positive predictive value (PPV), the negative predictive
value (NPV), the positive likelihood ratio, the negative likelihood
ratio, and the coincidence rate (CR) of all tests were evaluated with
respect to the pathologic diagnosis.

RESULTS
A total of 1,504 patients with complete data were enrolled in

this study. The mean ± SD age of the patients was 40.29 ±
10.17 years (range = 20–76 years). Among the patients, 64.56%
(971/1,504) were 30–49 years of age and 20.55% (309/1,504)
were 50–65 years of age (see Table 1). A total of 26.20% of
1504 patients had negative for intraepithelial lesion or malignancy
cytological results (see Table 2). Five hundred eighty-six patients
were tested for HR-HPVwith HC-2; the other patients were tested
with polymerase chain reaction-based HPVassays.

The FRD-positive rate was 54.06% (813/1,504), whereas the
HPV- and cytology-positive rates were 88.96% (1,338/1,504) and
73.80% (1,110/1,504) (see Table 3), respectively. Of the 37.30%
(561/1,504) patients who were pathologically diagnosed with CIN
2+, 77.72% (436/561) were detected by the FRD assay, 95.54%
(536/561) by HPV testing, and 80.39% (451/561) by cytology.
The FRD false-positive rate for CIN 2+ was 39.98% (377/943),
which was less than HPV testing (85.05% [802/943]) and cytology
(69.88% [659/943]) (see Table 3).

The sensitivity and specificity of the FRD assay for CIN 2+
were 77.72% and 60.02%, respectively, compared with 95.54%
and 14.95% for HPV testing and 80.39% and 30.12% for cytol-
ogy. In comparing the 3 types of tests, the sensitivity of FRD
was lower than HPV testing and cytology (p < .0001) when using
ASCUS+ as the cut-off criterion. The specificity of the FRD assay
for detection of CIN 2+ was significantly greater than cytology
and HPV testing (p < .0001); however, when using low-grade
squamous intraepithelial lesion (LSIL)+ as the cut-off criterion,
the sensitivity of cytology decreased to 57.22%, which was sig-
nificantly lower than the FRD assay (p < .0001), and the speci-
ficity increased to 66.81%, which was better than the FRD assay
(p = .0018). In addition, the CR of the FRD assay to the pathologic
diagnosis (66.62%) was significantly higher than cytology
(≥ASCUS 48.87%) and HPV testing (45.01%, p < .0001)
(see Table 4); and the κ value of the FRD (0.3459) was also
significantly higher than cytology (≥ASCUS 0.0887) and HPV
testing (0.0820, p < .05) (see Table 4).

TABLE 2. The Distribution of Cytological Results (N = 1,504)

Cytology results n (%)

NILM 394 (26.20)
ASCUS 476 (31.65)
ASC-H 96 (6.38)
LSIL 334 (22.21)
HSIL 191 (12.70)
AGC 10 (0.66)
SCC 3 (0.20)
Total 1,504 (100)

AGC indicates atypical glandular cells; ASC-H, atypical squamous
cell cannot exclude high-grade squamous intraepithelial lesion; ASCUS,
atypical squamous cells of undetermined significance; HSIL, high-grade
squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial
lesion; NILM, negative for intraepithelial lesion or malignancy; SCC,
squamous cell carcinoma.

TABLE 3. Comparison of the 3 Screening Tests With Pathology Diagnosis (N = 1,504)

Pathology diagnosis

HPV Cytology FRD

Negative, n (%) Positive, n (%) NILM, n (%) ≥ASCUS, n (%) Negative, n (%) Positive, n (%)

NILM (n = 503) 82 (16.30) 421 (83.70) 179 (35.59) 324 (64.41) 326 (64.81) 177 (35.19)
CIN 1 (n = 440) 59 (13.41) 381 (86.59) 105 (23.86) 335 (76.14) 240 (54.55) 200 (45.45)
CIN 2 (n = 254) 12 (4.72) 242 (95.28) 60 (23.62) 194 (76.38) 84 (33.07) 170 (66.93)
CIN 3 (n = 257) 10 (3.89) 247 (96.11) 47 (18.29) 210 (81.71) 40 (15.56) 217 (84.44)
SCC (n = 46) 2 (6.00) 44 (94.00) 3 (6.00) 43 (94.00) 0 (0) 46 (100.0)
AIS (n = 4) 1 (25.00) 3 (75.00) 0 (0) 4 (100.00) 1 (25.00) 3 (75.00)
Total = 1,054 166 (11.04) 1338 (88.96) 394 (26.20) 1110 (73.80) 691 (45.94) 813 (54.06)

AIS indicates adenocarcinoma in situ; ASC-US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; FRD,
foliate-receptor-mediated tumor detection; NILM, negative for intraepithelial lesion or malignancy; SCC, squamous cell carcinoma.
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The FRD assay had the highest PPV (53.63%), which was
higher than HPV testing (40.06%) and cytology for both cut-off
criteria (ASCUS+ [40.63%] and LSIL+ [50.63%]). The NPV
(81.91%) was lower than HPV testing (84.94%), but higher than
cytology using ASCUS+ (72.08%) or LSIL+ (72.41%) as the
cut-off criterion (see Table 4).

Remarkably, the FRD assay detected 45.45% (200/440) of
CIN 1, 66.93% (170/254) of CIN 2, 84.44% (217/257) of CIN
3, and 98% (49/50) of the carcinomas, suggesting that the FRD
detection rate increased along with the severity of the disease
(see Figure 2). The only patient with cervical carcinoma that
was FRD-negative showed polypoid changes under colposcopy,
whereas the pathologic examination of the biopsy was shown to
be cervical adenocarcinoma.

CONCLUSION AND DISCUSSION
Based on the data analysis, we conclude that the FRD assay

could be a candidate method in general practice as a primary test
for cervical cancer screening in the clinic for the following reason:
(1) the specificity for detection of CIN 2+ was higher than cytol-
ogy and HPV testing alone; (2) although the sensitivity was lower
thanHPV testing and cytology (ASCUS+), the PPVand the rate of
coincidence to pathologic diagnosis were higher than HPV testing
and cytology alone; (3) the NPV was less than HPV testing, but
higher than cytology; and (4) the small variation in testing results en-
ables the FRD assay to be easily reproduced for wide applications.

Human papillomavirus testing (self- and provider-collected)
and VIA have been proposed as alternatives that may be better
suited for use in LMICs12 but depend more on the cost of the
HPV testing, loss to follow-up, and VIA test performance.13,14

The FRD assay is easy to use, less reliant on skills, instant availability
of results, and much more sensitive than VIA and visual inspection
with Lugol's iodine, according to the data report.15,16 We speculate
that the FRD assay is a satisfactory test to replace VIA in LMICs. In-
deed, the FRD assay could be a candidate for screening and treatment
model in some places with its most remarkable advantages of reduce
the number of patients and loss to follow-up, and there needs some
more study among general people to confirm.

A high coverage and participation rate throughout the pro-
gram is of primary importance to the success of a screening pro-
gram. The World Health Organization has recently recommended
the use of HPV testing for cervical cancer screening in those re-
gions and countries that have not already established an effective,
high-coverage Pap-based program.17 Human papillomavirus test-
ing is highly sensitive for detecting precancer and cancer; the re-
sults are reproducible and do not depend on the operator. The
high NPV for HPV testing allows the screening interval to be ex-
tended, thus fewer screenings over one's lifetime. The greatest ad-
vantage of HPV testing is that we can use self-collected vaginal
samples. As a recent approach, self-collection of a vaginal speci-
men requires fewer clinical resources, is less dependent on health
care infrastructure, and may be more acceptable to women in some
settings other than clinic-based screening, thus enabling greater
participation rates.18–21 The lower specificity of HPV testing is a
question. How to triage the positive result of HPV testing is chal-
lenging for health care workers. The higher specificity of the
FRD assay could make it a method for HPV-positive triage.

Based on the current study, we also noticed that the specific-
ity of the FRD assay increased as the lesion grade advanced. Con-
sidering that approximately 70% of CIN 1, 50% of CIN 2, and
15% of CIN 3 lesions regress, the FRD assay detected 45.45%
(200/440) of CIN 1, 66.93% (170/254) of CIN 2, and 84.44%
(217/257) of CIN 3 lesions. These data may be indirect supportive
evidence of the ability of the FRD assay to detect truly significant
lesions among all grades of lesions. All of these assumptions need
more clinic trials with adequate follow-up.
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