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Introduction 
Human papillomavirus (HPV) testing has been approved for primary cervical cancer screening in 
Singapore since 2019. Our biggest challenge is the low specificity of HPV test for high-grade squamous 
intraepithelial lesions (HSIL), resulting in a significant number of women found to have transient HPV 
infections that do not cause pre-invasive changes. While direct colposcopy referral has been 
mandated for HPV 16/18 positive women, cervical liquid-based cytology (LBC) has been used to triage 
non-16/18 high-risk subtypes. Dual-stain (DS) cytology to detect p16, a tumour suppressor protein, 
and Ki-67, a marker of cell proliferation, has been mooted as an alternative triage strategy for HPV 
positive women. Co-expression of p16 and Ki-67 within the cell is indicative of HPV-related oncogenic 
activity resulting in cell cycle dysregulation that is strongly associated with pre-cancerous cellular 
changes. When both proteins are detected in the same cell, this is interpreted as a positive DS cytology 
result, indicating an increased risk of HSIL. The benefit of DS cytology is seen in better risk prediction 
of HSIL, reduction in colposcopy referrals, longer screening intervals and, in the long run, potentially 
better cost-effectiveness for society. 
 
Evidence 
Improved risk prediction of HSIL 
A systematic review concluded that DS cytology combined high sensitivity and specificity for the 
detection of CIN2+ when used as a triage test for HPV positive women or abnormal cytology, hence 
providing better risk stratification1. A prospective study showed that the risk of CIN2+ was significantly 
lower in HPV‐positive, DS‐negative women (3.6%), compared to triage‐negative women using 
HPV16/18 genotyping with cytology for non 16/18 genotypes (7.4%) or cytology alone (7.5%)2. In 
another retrospective study, referral of all HPV16/18 positive women combined with dual-stained 
cytology triage of women positive for 12 "other" HPV genotypes provided the highest sensitivity for 
CIN3+ (86.8%) when compared to other triage strategies although the specificity fared poorer at about 
57.4%3. The CIN3+ 5-year cumulative incidence risk in HPV-positive women with normal cytology is 
3.3% if negative for DS triage versus 6.9% where DS triage is not done4.  
 
Reduction in colposcopy referrals 
A reduction in colposcopy referrals was reported if DS was adopted as the sole triage for all HPV 
positive women, as compared to the present HPV genotyping with cytology triage of non-16/18 
genotypes algorithm (9.20 vs 10.99 colposcopies per disease detected). Using this approach, the 
remaining risk of CIN3 for HPV positive and DS negative women is low at 1.4% versus 2.3% for women 
who test negative in the conventional algorithm2.  If DS was combined with HPV 16/18 genotyping 
(with direct referral of all HPV 16 and 18 positive results for colposcopy), the sensitivity increases 
further to 94.3% but with a decrease in specificity to 38.6% and an increase in colposcopy referrals 
per disease detected to 11.392. 
 
Longer Screening intervals 
In a prospective cohort study in United States evaluating the 5-year risk of cervical precancer following 
DS triage of HPV-positive women, DS-positivity was associated with a significantly higher cumulative 



5-year risks of CIN2+ compared with abnormal LBC test results (31% vs 25%). As the risk of precancer 
in HPV-positive/DS-negative women is identical at 3 years to the risk in women who test HPV positive 
with normal cervical LBC at 1 year, repeat testing could be safely extended to 3-year intervals5.  
 
Cost-effectiveness 
The upfront cost of triage with DS cytology as compared to LBC is higher due to immunostaining. 
However, the addition of the DS test to co-testing algorithms including hrHPV genotyping and cervical 
cytology for cervical cancer screening is expected to be cost-effective. Although lifetime costs of 
screening tests were projected to increase, risk of death from cervical cancer and its related costs 
were projected to decrease, with increases in quality-adjusted life years on average6. A study 
investigating the cost-effectiveness of different cervical screening strategies found HPV genotyping 
with reflex DS cytology as the most cost-effective strategy7. 
 
Limitations 
DS cytology is more costly compared to routine cervical cytology or HPV testing, hence potentially 
limiting accessibility to the wider population. In terms of processing the specimen, special training is 
also required to conduct immunocytochemical procedures. The performance of DS cytology is also 
not established for women older than 65 years. 
 
Pathology input  
The dual stain test can be performed using the same sample vial utilised for HPV or cytology tests if 
there is sufficient residual cellularity. A qualified pathologist should interpret the results of dual stain 
test. Only one dual-stained cell is required for a positive test result. Studies have evaluated higher 
number cut-offs for a positive result to enhance the specificity of the test, however this may 
potentially lower the sensitivity of the test. The dual stain assay requires advanced, proprietary 
staining equipment and highly trained laboratory professionals who must adhere to stringent 
protocols to perform the assay and ensure quality control. Certain pre-analytic factors such as severe 
inflammation, mucus, bacteria, blood, lubricants, antifungal cream, vaginal deodorants or douches 
may interfere with test performance. If unsatisfactory result occurs due to low cellularity, a repeat 
sampling is recommended soon after, no later than four months. 
 
While interobserver reproducibility is reported as good to excellent, interpretation of dual staining is 
evaluator dependent and may introduce subjectivity. Therefore, proper expert-led training (including 
re-training), as well as standardization of protocols for accurate interpretation are essential. 
Additionally, developing external quality assurance programs is crucial. Usage of deep learning 
algorithms to automate dual stain evaluation could be an attractive area for future development as it 
would reduce subjectivity and interobserver variability. 
 
Recommendations 

1) Women with HPV 16/18 infection are to be referred directly for colposcopy8. 
2) WHO recommends that women with HPV infection and negative DS cytology should be 

followed up in 2 years9. However, there is also evidence that the interval could potentially 
be extended to 3 years due to better long-term risk stratification compared to cytology5. 

3) Excessive lubricant usage should be avoided while taking the sample to prevent an 
unsatisfactory result. 

4) There is currently limited evidence for the use of DS cytology in cervical screening using self-
sampled specimen: DS cytology has shown decreased sensitivity in self-sampled specimen 
and hence should not be used in this population10.  

5) In women living with HIV: A robust multidisciplinary discussion is recommended prior to 
using DS cytology in this group of women9. 
 



 
 
 
 
 
 
Conclusion 
The Singapore’s cervical cancer screening national guidelines recommends using PAP cytology to 
triage HPV non-16/18 high-risk subtype infection for colposcopy. Incorporating p16 and Ki-67 DS 
cytology serves as an alternative to PAP cytology in view of the higher sensitivity for detecting high-
grade lesion. The benefit of DS is especially evident for women with HPV non 16/18 infection where a 
negative result would provide reassurance against pre-cancer development and reduce colposcopy 
referrals.  
 
The implementation of DS cytology within healthcare practice and systems should be undertaken only 
after ensuring comprehensive education and training for healthcare providers and laboratory 
personnel, establishing robust infrastructure, and developing an efficient call-recall system to uphold 
the highest standards of safety for women in Singapore. 
 
Future research on DS cytology, particularly focusing on cost-effectiveness and its implementation 
within the local context, is strongly encouraged. Such studies will significantly contribute to the 
strategic planning and optimization of DS cytology for cervical cancer screening in Singapore. 
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