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Abstract
Objective  To evaluate two usages of the folate receptor-mediated staining solution (FRD) for detecting high-grade cervical 
lesions and invasive cancer, and compared with cytology test (TCT) and human papillomavirus (HPV) testing.
Methods  FRD sampling and FRD direct staining methods were used for detecting high-grade cervical lesions and invasive 
cancer. As a comparison, TCT and HPV testing were also applied for screening high-grade cervical lesions and invasive 
cancer. The sensitivity and specificity of TCT, HPV testing, and staining results of FRD were analyzed by the SPSS software.
Results  In this study, 317 patients with biopsy were collected. The positive rate of FRD sampling method was 35.33% 
(112/317), and positive rate of FRD direct staining was 48.90% (155/317). Area under the curve (AUC) of TCT​, HPV test-
ing, FRD sampling and FRD direct staining were 0.53, 0.55, 0.58, and 0.75, respectively. The sensitivity of TCT, HPV, FRD 
sampling and FRD direct staining was 69.72%, 97.25%, 64.22% and 81.65%, respectively, and the specificity was 37.98%, 
12.98%, 79.81% and 68.27%, respectively.
Conclusion  Compared with TCT and HPV testing, two usages of FRD methods have compatible sensitivity and high speci-
ficity to detect high-grade cervical lesions and invasive cancer. FRD direct staining may be comfortable for routine cervical 
cancer screening

Keywords  Folate receptor-mediated staining solution (FRD) · High-grade cervical lesions · Invasive cancer · Cytology 
test · Human papillomavirus testing

Introduction

Cervical cancer is the third most common cancer among 
women worldwide. There were 275,000 deaths due to cervi-
cal cancer with an estimate of approximately 530,000 new 
cases [1]. It is the most common cause of cancer death and 
years of life lost owing to cancer in many less developed 
countries [2]. The key genetic event in development of cervi-
cal cancer is human papillomavirus (HPV) integration, and 
one of the most important risk factors for cervical carcinoma 

development is that HPV DNA is integrated into the host 
genome [3].

Various approaches have been considered for screening 
cervical carcinoma. International Agency for Research on 
Cancer has made recommendations that cytology test (TCT) 
or HPV testing is supported as primary screening [4]. How-
ever, many studies showed that HPV testing is considerably 
more sensitive than TCT to screen cervical intraepithelial 
neoplasia grade 2 (CIN2) and grade 3 (CIN3) and cancer [5, 
6]. However, TCT has some limitations, including that low 
sensitivity of single smear fails to detect high-grade precur-
sor lesions [7]. HPV testing has low reproducibility which 
results in increased false positives [8].

Folate receptor-mediated staining solution (FRD) is the 
epithelia staining agent target to cervical cancer cell which 
is found to be a rapid, simple, and accurate diagnosis method 
to identify patients with cervical cancer [9, 10]. In this study, 
compared with TCT and HPV testing, detected abilities of 
FRD sampling and direct staining methods for detecting 
CIN2+ are studied in 317 subjects.
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Material and methods

Subjects

Within the scope of this study, a total of 317 women who 
had been diagnosed by histopathological diagnosis as gold 
standard were enrolled from May 2016 to March 2017, at 
the Affiliated Guangren Hospital, School of Medicine, Xi’an 
Jiaotong University. All these women with the positive HPV 
test result and/or abnormal TCT test will undergo colpos-
copy. Inclusion criteria: women between 25 and 65 years, 
non-pregnant, not in menstrual period. Exclusion criteria: 
undergone hysterectomy, cervical contact with bleeding and 
large bleeding, received cervical surgery (including coni-
zation, LEEP, infrared, microwave, etc.), pregnant, acute 
inflammation more than 7 days, diagnosed with CIN2+. 
Subjects were detected by FRD sampling and direct stain-
ing, and then, colposcopy was performed; finally, they all 
were detected by histopathological diagnosis. The detail 
flow chart is shown in Fig. 1. This study was proved by the 
institutional review ethics boards of Guangren Hospital. All 
women provided written informed consent before undergo-
ing any study procedures.

TCT​

ThinPrep system (Cytyc Corporation) was used for liquid-
based TCT. According to the manufacturer’s instructions, 
one slide was prepared for one subject. Cytological diagno-
ses were performed according to the  previous study [11]. 
These classifications included NILM, ASC-US, LSIL, ASC-
H, and HSIL.

HPV testing

HPV testing was performed by Digene Hybrid Capture 2 
(HC2, Qiagen; Crawley, UK) test, which was blind to TCT 

results. Digene Microplate Luminometer 2000 (DML. 2000; 
Qiagen, Crawley, UK) was used for reading and calculating 
results of HPV testing.

FRD testing

Major components of FRD (Shaanxi Gaoyuan Medical 
Equipment Service Co., Ltd.) are folic acid, methylene blue, 
and acetic acid.

FRD sampling method: sampling is carried out by the 
Epithelium Staining Applicator in patient’s cervix, and then 
dip the applicator into the FRD staining solution for 30 s. 
After staining, place the applicator into the FRD Colorim-
eter and it will scan color changes of the applicator. Based 
on scanning results, staining results are judged.

FRD direct staining: sampling is carried out by the 
Epithelium Staining Applicator which is dipped with the 
FRD staining solution in patient’s cervix. Sampling is com-
pleted, and staining is completed at the same time. After 
completion, applicator is placed in the FRD Colorimeter 
and scanned. Based on scanning results, staining results are 
judged.

Statistical analysis

SPSS (version 16.0, SPSS Inc, Chicago, IL, USA) was used 
for statistical analysis. Chi-square test was for categorical 
variables. ROC analysis was used to assess sensitivity and 
specificity of TCT, HPV testing and staining results of FRD.

Results

Results of histopathological diagnosis

Results of histopathological diagnosis are shown in Table 1. 
TCT included NILM in 103 women (32.49%), ASC-US in 
130(41.01%), LSIL in 51 (16.09%), ASC-H in 12 (3.79%), 
and HSIL in 21 (6.62%). As shown in Table 2, 317 women 
with histological findings were included in the study, includ-
ing inflammation (178), CIN1 (30), CIN2 (59), CIN3 (34), 
and cancer (16).

Screening results of HPV testing, TCT, and FRD 
methods

As for inflammation, positive rates of HPV testing, TCT, FRD 
sampling, and FRD direct staining were 87%, 60%, 17%, and 
30%. As for CIN1, positive rates of HPV testing, TCT, FRD 
sampling, and FRD direct staining were 87%, 73% (22/30), 
40%, and 43%. As for CIN2, positive rates of HPV testing, 
TCT, FRD sampling, and FRD direct staining were 97%, 73%, 
58%, and 76%. As for CIN3, positive rates of HPV testing, Fig. 1   Diagram of this study. ECC endocervical curettage
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TCT, FRD sampling, and FRD direct staining were 97%, 85%, 
59%, and 82%. As for cancer, positive rates of HPV testing, 
TCT, FRD sampling, and FRD direct staining were 100%, 
81%, 100%, and 100%.

Diagnostic analysis of TCT, HPV testing, and FRD 
methods

As for positive biopsy results (Fig. 2a), positive rates of HPV 
testing, TCT, FRD sampling, and FRD direct staining were 
97%, 70%, 64%, and 82%, which were statistically significant 
(P < 0.0001). As for negative biopsy results (Fig. 2b), nega-
tive rates of HPV testing, TCT, FRD sampling, and FRD 
direct staining were 13%, 37%, 80%, and 68%, which were 
statistically significant (P < 0.0001). As for ROC analysis, 
area under the curve (AUC) of TCT, HPV testing, FRD sam-
pling, and FRD direct staining was 0.53, 0.55, 0.58, and 0.75, 
respectively, indicating that FRD direct staining showed the 
best diagnostic abilities among four methods. The sensitivity 
and specificity of TCT, HPV testing, FRD sampling and FRD 
direct staining were 69.72% and 37.98%, 97.25% and 12.98%, 
64.22% and 79.81%, and 81.65% and 68.27%, respectively 
(Fig. 3 and Table 3).

Discussion

In this study, FRD sampling and FRD direct staining meth-
ods were used for detecting high-grade cervical lesions 
and invasive cancer. To our knowledge, this is first study 
to compare HPV testing, TCT, FRD sampling and FRD 
direct staining. As for inflammation, CIN1, CIN2, and 
CIN3, positive rates of HPV testing were higher than the 
other methods. However, for cancer, positive rates of HPV 
testing, FRD sampling and FRD direct staining were the 
same (100%). In negative biopsy results of subjects, nega-
tive rates of FRD sampling and FRD direct staining were 
higher than HPV testing and TCT. Compared with TCT 
and HPV testing, FRD sampling and FRD direct staining 
methods had compatible sensitivity and high specificity 
to detect high-grade cervical lesions and invasive cancer, 
but FRD direct staining had the best diagnostic abilities 
with AUC = 0.75.

HPV testing is an increasingly important part of cervi-
cal screening [12, 13]. TCT includes conventional TCT 
and liquid-based TCT. The liquid-based TCT could detect 
more cases of histological high-grade squamous disease 

Table 1   Histopathological 
diagnosis of TCT test results in 
this study

NILM non-intrusive load monitoring, ASCUS atypical squamous cells of undetermined significance, ASC-
H atypical squamous cells, cannot rule out high-grade squamous intraepithelial lesion; LSIL Low-grade 
squamous intraepithelial lesion, HSIL high-grade squamous intraepithelial lesions

Pathology NILM ASCUS ASC-H LSIL HSIL Total

Inflammation 71 74 5 26 2 178
CIN1 8 16 0 5 1 30
CIN2 16 22 3 10 8 59
CIN3 5 12 3 9 5 34
Cancer 3 6 1 1 5 16
Total 103 130 12 51 21 317

Table 2   Screening results of 
HPV testing, TCT, and FRD 
methods for inflammation, 
CIN1, CIN2, CIN3, and cancer

Pathology HPV testing TCT​ FRD sampling FRD direct staining Total

Positive Negative Positive Negative Positive Negative Positive Negative

Inflammation 155 23 107 71 30 148 53 125 178
CIN1 26 4 22 8 12 18 13 17 30
CIN2 57 2 43 16 34 25 45 14 59
CIN3 33 1 29 5 20 14 28 6 34
Cancer 16 0 13 3 16 0 16 0 16
Total 287 30 214 103 112 205 155 162 317
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than conventional TCT [14, 15]. Therefore, in this study, 
liquid-based TCT was used as compared method for detect 
high-grade cervical lesions and invasive cancer. As for 
inflammation and CIN1, HPV testing and TCT showed 
similar positive rates (87% and 61%, 87% and 73%, respec-
tively). Our results showed that HPV testing for high-risk 
types such as CIN2, CIN3, and cancer (97–100%) was 
more sensitive than TCT (58–85%) (Table 2). There are 
similar results found in many studies which focused on 
comparison HPV testing and TCT, and found that sensitiv-
ity of HPV testing was higher than TCT, and specificity of 
HPV testing was lower than TCT [16–18].

Folic acid receptor can serve as imaging and therapy of 
target for cancer and inflammatory diseases [19]. FRD (sam-
pling method) was used as comparable diagnostic method 
for screening cervical cancer among 169 patients (10). As 

for inflammation, CIN1, CIN2, and CIN3, the positive rates 
of FRD sampling and FRD direct staining were lower than 
TCT and HPV testing, but in turn, the negative rates of FRD 
sampling and FRD direct staining were higher than TCT 
and HPV testing (Table 2).Compared with TCT, HPV test-
ing, and FRD sampling, FRD direct staining showed the 
best diagnostic abilities. Compared FRD sampling and FRD 
direct staining, sensitivity of the former was lower than 
that of the latter, but specificity of the former was higher 
than the latter. As for HPV testing and TCT, the specific-
ity, PPV, NPV, CR, and PLR of two FRD methods were 
higher (Table 3). All the above results indicated that two 
FRD methods were comparable methods to screening high-
grade cervical lesions and invasive cancer, and FRD direct 
staining had the most diagnostic abilities for distinguishing 
positive and negative subjects among four methods.

Fig. 2   Screening results of HPV 
testing, TCT and FRD methods 
for positive (a) and negative (b) 
biopsy results
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In general, compared with TCT and HPV test, two FRD 
methods have compatible sensitivity and high specificity 
to detect high-grade cervical lesions. Furthermore, FRD 
direct staining method had the best diagnostic abilities, and 
the sensitivity is more important in cervical cancer screen-
ing, so the direct staining method is more comfortable 

in clinical. In addition, FRD is a very inexpensive and 
easy method, which can be used in less-developed coun-
ties or areas that lack the resources and trained personnel 
required for routine cervical screening.

Fig. 3   ROC analysis of HPV 
testing, TCT and FRD methods 
for positive and negative biopsy 
results

Table 3   iagnostic significance 
of HPV testing, TCT and FRD 
methods

AUC​ area under the curve, PPV positive predictive value, NPV negative predictive value, PLR positive 
likelihood ratio, NLR negative likelihood ratio

Indicators HPV testing TCT​ FRD sampling FRD direct staining
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI)

AUC​ 0.55 0.53 0.58 0.75
(0.51–0.59) (0.50–0.57) (0.54–0.62) (0.72–0.78)

Sensitivity 97.25 69.72 64.22 81.65
(92.22–99.06) (60.55–77.56) (54.88–72.59) (73.35–87.8)

Specificity 12.98 37.02 79.81 68.27
(9.08–18.23) (30.75–43.76) (73.83–84.7) (61.66–74.21)

PPV 36.93 36.71 62.5 57.42
(31.56–42.66) (30.45–43.47) (53.26–70.91) (49.55–64.93)

NPV 90 70 80.98 87.65
(74.38–96.54) (60.88–77.77) (75.05–85.76) (81.7–91.86)

CR 41.96 48.26 74.45 72.87
(36.65–47.45) (42.82–53.75) (69.37–78.94) (67.72–77.47)

PLR 1.12 1.11 3.18 2.54
(1.11–1.13) (1.08–1.14) (2.99–3.39) (2.49–2.66)

NLR 0.21 0.82 0.45 0.27
(0.07–0.67) (0.74–0.91) (0.4251–0.4728) (0.24–0.30)

kappa 0.07 0.06 0.44 0.45
(0.02–0.12) (− 0.04–0.15) (0.33–0.55) (0.35–0.59)
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