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Abstract
Cervical cancer is the second most common cancer in women. It is largely preventable by different screening, diagnostic and ther-

apeutic procedures. It is the only gynaecological cancer that can be prevented through routine screening. The precursor lesions detected take a long time to progress to cancer and can be treated. Hence screening reduces both the incidence and mortality of cervical

cancer. Till now cytology-based screening has been the main stay for screening of cervical cancer. Pap smear screening has reduced

the incidence of cervical cancer by 80% and deaths by 70%. In many low resource settings, it is difficult to maintain high quality and
high coverage of cytology-based screening programmes. This limitation can be removed by use of FRD as a screening device.
Keywords: Cervical Cancer; FRD; Pap Smear Screening

Abbreviations

Methods available for screening

FRD: Folate Receptor Device; TCT: Thinprep Cytology Testing; VIA:

1. Pap smear

Introduction

3. HPV DNA testing

Visual Inspection with Acetic Acid; HPV: Human Papilloma Virus;
CIN: Cervical Intraepithelial Neoplasia

Screening means testing all women at risk of cervical cancer,

the majority of whom will be asymptomatic. Screening aims to

detect precancerous changes, which can be treated to avoid progress to cancer. Screening proves to be effective, if there is a well
organised system for follow up and treatment and the programme
should involve atleast 70 to 80% of population.

Cervical cancer is the second most common cancer in the fe-

males, worldwide. Approximately 530,000 new cases and 275,000

deaths occur each year in the women living in middle and low income group countries [1,2].

2. Liquid based cytology
4. Visual inspection after staining with acetic acid or lugol’s iodine

5. FRD.

Recently a novel approach named folate receptor mediated

staining solution has been proposed as an effective screening

method for CIN and cancer, proven with higher specificity than HPV
and TCT [3,4].

Conventional cytology
Cytological testing is done by Pap Smear. Physician collects the

cells from the cervix and smears them on a microscopic slide. A
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fixative is applied and sent to the lab for evaluation [5]. Sensitivity

VIA can offer significant advantage over Pap smear in low resource

A study published in 2007, suggested doing Pap smear, produc-

ing and equipment is less. Hence it can be provided in remote, less

is 50% and specificity 94%.

es cytokine inflammatory response. This may cause immunological
clearance of HPV, hence reducing the progress to cervical cancer.

A statistically significant decline in HPV positivity rate was correlated with lifetime number of Pap smears received [6].
Thin prep cytology testing

Cells taken from the cervix are placed in a menthol based liquid

medium that preserves the cells. The sample is stained and exam-

ined microscopically. It has the advantage of being suitable for high
risk HPV testing and may reduce unsatisfactory results from 4.1%
to 2.6% [7].

Limitations of cytology:
1. Low sensitivity of a single smear.
2. Low reproducibility.

3. High false positive as multiple benign lesions mimic the neoplastic cells. These include atypia of repair, atrophy, radiation changes, effect of IUCD and metaplasia.

HPV testing

HPV is the causative factor for cervical cancer, in nearly all the

cases [8]. Most women will get rid of the infection by 18 months.
Those infected with high risk group (i.e. HPV type 16,18, 31, 45) are
likely to have prolonged infection and progress to malignancy [9].

Sensitivity is 88% to 91% for CIN 3 or higher and 97% for CIN2+

and specificity is 73%to 79% for CIN 3+ or higher and 93% for
CIN2+ [10,11].

HPV is time consuming and requires sophisticated lab facilities,

compared to other methods. False –ve results reported with HPV
testing are less compared to other methods [12].
Visual inspection

Acetic acid or Lugol’s iodine can be used to view precancerous

cervical lesions by observing the colour change with the naked eye.

Doctors, nurses, trained midwives can effectively perform this test
after adequate training. Physicians and mid-level providers can

identify between 47% to 79% of women at risk of cervical cancer
[13]. Like cytology, VIA is also affected by individual interpretation.

setting. There is increased screening coverage and improved follow up care. Need for specialised personnel, infra structure, train-

equipped health care centres. Since there is immediate interpreta-

tion of results, the number of women who miss out on treatment,
because they can’t visit the clinic another time, is reduced.

VIA shows low specificity and high false positive as compared to

cytology. Inflammation, condylomata and leukoplakia can give false

positive results [14]. VIA has limitations since the endocervical canal can’t be visualised, posing a major problem especially in postmenopausal women in whom the endocervical canal has receded.
Folate receptor device

Folate receptor mediated solution is used for detecting neoplas-

tic changes in cervical epithelium and is mainly composed of folic
acid and methylene blue.

Structure and composition the folate receptor-mediated detec-

tion (FRDTM) staining solution is mainly composed of folic acid,

reduced methylene blue, acetic acid, ascorbic acid and dimethyl
sulfoxide. It is dispense by GY Highland biotech.

The mechanism of action involves the following steps:

1. Folic acid reduces methylene blue conjugate, binds to folate
receptors expressed on cervical epithelial membrane and
endocytosis occurs.

2. Acidic microenvironment in the endosomes, causes dissociation of the folic acid and reduces methylene blue from folate
receptors.

3. Reduced methylene blue is released into cytoplasm, where
oxidation-reduction occurs and reduced methylene blue becomes oxidized.

4. Folate receptors recycle back to cell membrane.

5. Oxidised methylene blue exits the cell and can be detected,
providing visual results.

To minimize as much as possible the interpreted variability in

identifying colour changes for determining FDR+ve and FDR -ve,
the 2nd generation FRD utilises unique shaped epithelial applicator,

tapered gradually towards the distal end which is better shaped to
fit the ecto and endocervix to ensure satisfactory staining of the
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Figure 1

neoplastic epithelia of the whole cervix. Proximal surface of the
epithelium staining applicator is labelled so that corresponding location of abnormal cervical lesion can be identified.

Comparing to biopsy, the coincidence rate of FRD in detection

of CIN -1, CIN-2, CIN-3, infiltrating carcinoma were 66.7%, 75%,

Figure 2
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80%, and 100% respectively. According to histopathological characteristics of CIN-2, the sensitivity of FRD was 79.2% and specificity72.7% and accuracy 80.4% [15].

Compared with TCT and HPV testing, two usages of FRD have

64

3. Lu MH., et al. “A special epithelial staining agent: folic nacid re-

ceptor mediated diagnosis(FRD) effectively and conveniently
screens patients with cervical cancer”. International Journal of
Clinical and Experimental Medicine 8 (2015): 7830-7836.

compatible sensitivity and high specificity to detect high grade cer-

4. Yu Y., et al. “Folate receptor circulating tumor cells as a novel

The advantages of FRD:

5. Coste J., et al. “Cross-sectional study of conventional cervical

vical lesions and invasive carcinoma. FRD direct staining may be
comfortable for routine cervical screening [16].

1. Cheap: Can be used in low resource areas.
2. Easy to perform.

3. Don’t need a pathologist to interpret. Easy self-interpretation.

4. Immediate result (within 90 seconds). Hence avoids a second visit to collect the result.

5. Localizes the site of pathology, improving accuracy of biopsy.

6. Can detect changes in both squamous and columnar epithelium.

The disadvantages of FRD:
1. Results are influenced by bleeding during the procedure.
2. Not clear if the results can be affected by pregnancy.

Conclusion

FRD staining is a new, rapid, simple, accurate diagnostic meth-

od for screening of cervical precancerous lesions and early detection of cervical cancer. FRD is suitable for underdeveloped regions
with large population and grassroot health institutions with insufficient medical technology.

Considering the health resources and women's preference,

combination of FRD and Cytological evaluation may be chosen as a
screening approach in developed countries.
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