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Abstract

Cervical cancer remains a leading cause of cancer death for women in low- and middle-income
countries. The goal of this study was to evaluate screening and triage strategies, including high-
resolution microendoscopy (HRME), to detect cervical abnormalities concerning for precancer at
the point-of-care. Women (n=1,824) were enrolled at the Instituto de Cancer de El Salvador.

All underwent screening by both human papillomavirus (HPV) testing using careHPV and

visual inspection with acetic acid (VIA). Screen-positives, along with 10% of screen-negatives,
were invited to return for a follow-up examination that included triage with VVIA, colposcopy,
and HRME imaging. Biopsies were taken of any abnormalities identified. If no abnormalities
were identified, then the worst scoring site by HRME was biopsied. The sensitivities of HPV
testing and VIA to screen for cervical intraepithelial neoplasia grade 2 or more severe diagnoses
(CIN2+) were 82.1% and 75% (p=0.77), while the specificities were 90.4% and 80.9% (p<0.001)
respectively. The sensitivities of VIA, colposcopy, and HRME as triage tests for CIN2+ were
82.1%, 82.1%, and 71.4% respectively (p=0.38). HRME had a significantly higher specificity
(66.7%) than VIA (51.9%) (p<0.001) and colposcopy (53.3%) (p<0.001). When evaluating
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different theoretical screening and triage strategies, screening with HPV testing followed by triage

with HRM

E would result in more women receiving appropriate care (97%) compared to screening

with VIA (75%) or HPV alone (90%). Our findings demonstrate that screening with HPV is
superior to VIA, and that triage with HRME imaging increases the specificity of detecting CIN2+

at the poin

Keywords

t-of-care in a low-resource setting.

cervical cancer; high-resolution microendoscopy; human papillomavirus; visual inspection with

acetic acid

Introduction

Cervical cancer continues to be one of the leading causes of cancer and cancer-related
deaths among women living in low- and middle-income countries (LMICs).1 In 2013,

the World Health Organization (WHO) recommended testing with HPV, VIA, or HPV
testing followed by VIA for cervical cancer screening.? In 2018, the WHO called for

the elimination of cervical cancer as a public health problem through prophylactic HPV
vaccination in pre-adolescent girls and high-quality cervical screening in mid-adult women.3
There are many challenges with the latter in LMICs, including developing sensitive and
specific screening algorithms to maximize cancer prevention and minimize harms due to
overtreatment, respectively.

Cervical cancer screening in high-resource settings consists of screening with cytology
and/or HPV testing. Women who screen positive generally undergo examination with
colposcopy and biopsy at a follow-up visit, followed by treatment at a third visit if CIN2+
is detected. In low-resource settings where cytology and HPV testing are not available,
screening is sometimes performed with VIA. The advantages of VIA are that it is low-cost
($0.23) and can be done at the point-of-care with immediate results, allowing for a single
visit Screen-and-Treat strategy.* However, the sensitivity of VIA is reported to be modest
and the specificity is poor.> & In comparison, HPV testing has a higher reported sensitivity
of 89.9% and specificity of 89.9%.” The WHO has therefore recommended that LMICs
implement screening with primary HPV testing; however, many regions continue to screen
with VIA alone due to the high cost and resources needed to implement HPV testing.2: 8
Furthermore, triage tests such as colposcopy and biopsy with associated pathology services
are not available in many LMICs. Regions using VIA for screening perform immediate
treatment in women with a visible lesion on exam (VIA+).9 In LMICs where HPV testing is
available, existing triage strategies (colposcopy, cervical biopsy) are not feasible on a large
scale and require additional visits resulting in loss to follow-up. Two different strategies
are currently used for HPV+ women: 1) triage with VIA and treat all VIA+ women with
ablation (cryotherapy or thermoablation); 2) treat all HPV+ women regardless of whether a
lesion is present or not.10 Screen-and-Treat strategies using VIA or HPV followed by the
treatment of all women who screen positive result in significant overtreatment due to the
low specificity of VIA and because the majority of women who are HPV+ will clear the
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infection and never develop CIN2+.5: 11 There is therefore a significant need for affordable
point-of-care triage/diagnostic tests for women who screen positive by VIA or HPV testing.

The purpose of this study was to evaluate screening and triage strategies, including
high-resolution microendoscopy (HRME), to detect cervical abnormalities concerning for
precancer at the point-of-care in El Salvador. El Salvador is a LMIC in which cervical
cancer is the fourth leading cause of cancer and the second leading cause of cancer

in women.12 The estimated annual incidence rate is 18.5 per 100,000 women with an
associated mortality rate of 9.4 per 100,000 women. HPV testing is available but follow-up
triage strategies (colposcopy, cervical biopsy, and associated pathology services) are not
available on a large scale.

HRME consists of a low-cost fiber-optic imaging device that can help increase specificity
for the detection of CIN2+ by allowing medical providers to visualize the nuclei of
cervical epithelial cells /n vivo.13-15 The HRME device is equipped with real-time image
analysis software to aid in the accurate detection of cervical abnormalities at the point-of-
care.16 Recent studies by Hunt et a/and Parra et al, demonstrated that using HRME with
colposcopy significantly increased the specificity for detecting CIN2+ compared to the use
of colposcopy alone.17: 18

In this prospective study, we evaluated the sensitivity, specificity, positive and negative
predictive values of different screening and triage strategies to detect CIN2+ at the point-of-
care in El Salvador. The modalities evaluated included VIA, HPV DNA testing, and HRME
imaging and all were compared to the gold standard of colposcopically directed cervical
biopsy. The five different screening and triage strategies evaluated were: 1) Screen with
HPV and Treat; 2) Screen with VIA and Treat; 3) Screen with HPV, Triage with VIA, and
Treat; 4) Screen with HPV, Triage with HRME, and Treat; and 5) Screen with VIA, Triage
with HRME, and Treat.

Materials and Methods

High-Resolution Microendoscopy

HRME has been described in detail previously 18- 18; briefly, it is an /n vivoimaging device
that employs an optical probe placed on the cervix to allow medical providers to image
cervical abnormalities noted during VIA and/or colposcopy revealing information about
changes in the morphometry of epithelial nuclei. The HRME device is a low-cost, portable
fluorescence microscope; a flexible fiber-optic probe is placed in contact with the cervical
tissue to be imaged. HRME is equipped with image analysis software that automatically
segments and counts the number of cervical nuclei that are considered abnormal based

on pre-determined size and shape criteria. If the number of abnormal nuclei per unit area
exceeds a previously established threshold value (120 abnormal nuclei/mm2), the image is
classified as HRME positive for high-grade cervical abnormalities, which is defined here as
CIN2+; otherwise, the image is classified as HRME negative.

HRME is used following the application of two topically applied contrast agents, proflavine
and Lugol’s iodine. Proflavine (0.01%) is a topical antiseptic that fluorescently stains nuclei
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in cervical epithelial cells; proflavine fluorescence has a maximum excitation near 460 nm
and maximum emission near 530 nm. Lugol’s iodine is a strong absorbing dye used in visual
inspection (VILI) and colposcopy; regions of columnar tissue and precancerous lesions do
not retain Lugol’s iodine. We have previously shown that using proflavine in combination
with Lugol’s iodine results in high contrast HRME images because the strong absorption

of Lugol’s iodine reduces the penetration depth of light in tissue and reduces out-of-focus
signal.

Study Design

We conducted a prospective study to evaluate the performance of two strategies to screen
women for CIN2+ (VIA and HPV DNA testing) and three strategies to further triage and
diagnose CIN2+ (VIA, colposcopy, and HRME) in El Salvador. The study was conducted at
the Instituto del Cancer de El Salvador (El Salvador Cancer Institute, ICES) in San Salvador,
El Salvador in collaboration with Basic Health International. The study was approved by

the Comité Nacional de Etica de la Investigacion en Salud (National Ethics Committee of
Health Research, ID: CNEIS/005/2015) in El Salvador and the institutional review boards

at The University of Texas MD Anderson Cancer Center (IRB# 2015-0620), Cleveland
Clinic (IRB# 15-1162), and Rice University (IRB# 2017-347). The study was registered
with clinicaltrials.gov (NCT04472455).

Women were eligible to participate in the study if they 1) were 30 to 49 years in age; 2)
were not pregnant or nursing; 3) had an intact cervix; 4) had no history of invasive cervical
cancer; and 5) were willing and able to provide written informed consent. Women were
excluded if they had undergone a previous loop electrosurgical excision procedure (LEEP),
cone and/or cryotherapy.

Visit 1 — Screening

Women who met the inclusion criteria and provided informed consent underwent cervical
cancer screening with provider-collected HPV testing and VIA during an initial visit

(Visit 1: screening visit). During Visit 1, a cervical sample was collected for HPV testing
(QIAGEN careHPV) and VIA was then performed following the application of 5% acetic
acid to the surface of the cervix. Any visible abnormalities detected were noted and the

VIA screening result was recorded as positive or negative. The VIA exam was performed by
either a local general physician or a local general obstetrician/gynecologist at the ICES with
training in VIA. Images of the cervix were taken using a mobile colposcope (MobileODT
EVA COLPO).

Each cervical sample for HPV testing was collected using a Qiagen specimen collection
brush and placed into careHPV Collection Medium (QIAGEN). Specimens were taken
to a local laboratory, Laboritoria Segovia, where they were stored at 8°C for an average
of one month prior to being analyzed in batches of 90 samples for high-risk HPV DNA
using the careHPV system. If storage ran beyond a month, then specimens were stored
at —20°C until the analysis could be run. The careHPV test detects 14 high-risk HPV
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) using hybrid-capture
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technology and chemiluminescent detection. All careHPV testing was performed according
to the manufacturers’ instructions.

Visit 2 — Triage and Diagnosis

If a woman had a positive HPV and/or VIA test, she was invited back for a second visit
(Visit 2: triage and diagnostic visit). In addition, 10% of women who screened negative
(HPV- and VIA-), were invited back for a second visit. The clinical exam at Visit 2 was
performed by a local obstetrician/gynecologist at the ICES with expertise in colposcopy.
Dilute (5%) acetic acid was applied to the surface of the cervix and any abnormalities
observed by VIA were noted. A standard colposcope or mobile colposcope (MobileODT
EVA COLPO) was then used to perform colposcopy. A mobile colposcope was used to
capture images of the cervix. Any abnormalities detected during colposcopy were noted
along with the physician’s clinical impression of the abnormality (benign, low-grade
precancer, high-grade precancer, or cancer). 0.01% proflavine was applied before and after
the application of Lugol’s iodine to stain cervical nuclei for HRME imaging. HRME images
were obtained of each abnormality noted during VIA and/or colposcopy along with one
normal area of the cervix. All visual abnormalities were biopsied. The visibly normal area
was biopsied if abnormal by HRME. If there were no visible abnormalities during the
clinical exam, then an HRME image was taken of each quadrant of the cervix and the

worst scoring area by HRME was biopsied, regardless of whether the score was abnormal or
normal. An endocervical curettage (ECC) was performed if indicated per standard of care.

Histopathology and Follow-up

All pathology specimens underwent standard processing with hematoxylin and eosin
staining as per standard procedure. All cervical biopsies and ECCs were reviewed by two
expert pathologists: the local institutional pathologist at the ICES and a second pathologist
from the United States. Each specimen was classified as being normal/benign (diagnoses
including normal, negative, and inflammation), CIN1, CIN2, CIN3, adenocarcinoma in situ
(AIS), or cancer. Discrepant results were resolved by a third pathologist from the United
States, with the final result being based on 2/3 agreement. If all three pathologists arrived

at different diagnoses, all three met in person to review the specimen and reach a consensus
diagnosis. Patients were treated or scheduled for follow-up based on the final histopathology
results per standard of care.

Statistical analysis

The final histopathology diagnosis was used as the study endpoint to assess the performance
of all screening and triage tests. The positivity rate for each screening method (HPV testing
and VIA) was calculated by dividing the total number who screened positive by the total
number who had completed Visit 1. The rate of CIN2+ was calculated by dividing the
number who had been diagnosed with CIN2+ by the total number who had completed Visit
1. The positivity rates for each screening method and the rate of CIN2+ were calculated
throughout the duration of the study.

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV), with binomial exact 95% confidence intervals (95% CI), of each screening method

Int J Cancer. Author manuscript; available in PMC 2023 October 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Parraetal.

Results

Page 6

and each triage method (VIA, colposcopy, and HRME) to detect for CIN2+ were calculated
on a per-patient basis. In this analysis, the final HPV result, the worst impression by VIA,
colposcopy, and HRME were compared to the worst histopathology result for that patient. A
colposcopic impression of low-grade precancer and more severe was used as the threshold
for positivity when evaluating the diagnostic performance of colposcopy. McNemar’s exact
test was used to compare the sensitivity and specificity values between different screening
and triage methods. When the number of discordant pairs exceeded 20, the generalized score
statistic proposed by Leisenring et a/. (2000) was used to compare PPV and NPV values.1®
Differences were considered significant at p<0.05.

Data were used to compare the theoretical performance of five different strategies to screen
and immediately identify women requiring treatment, including: 1) Screen with HPV and
Treat; 2) Screen with VIA and Treat; 3) Screen with HPV, Triage with VIA, and Treat;

4) Screen with HPV, Triage with HRME, and Treat; and 5) Screen with VIA, Triage

with HRME, and Treat. For each strategy, study results were used to track the number of
women with biopsy-proven CIN2+ who would have been referred for treatment (number
appropriately treated) and who would have not been referred for treatment (number missed),
as well as the number of women with biopsy-proven <CIN2 who would have been referred
for treatment (number over-treated) and who would have not been referred for treatment
(number appropriately not treated). Finally, we calculated the number of women who would
have received appropriate care (appropriately treated and appropriately not treated).

A total of 1,827 women were enrolled in the study. A flowchart mapping their participation
and distribution in the study is shown in Figure 1. Of the women enrolled, three women
did not complete Visit 1. Of the 1,824 women who completed Visit 1, 708 were invited to
return for Visit 2: all the women who screened positive (n=578) and 10% of the women
who screened negative (n=124). Of those invited back, 508 of 708 women (72%) returned
and completed Visit 2. Of the 508 women who completed Visit 2, 28 were diagnosed with
CIN2+ (1.5% of the screened population). The final histopathology diagnoses for all those
that completed Visit 2 are summarized in Table 1.

Figure 2 shows the overall positivity rate of HPV and VIA screening at Visit 1

throughout the duration of the study compared to the overall rate of CIN2+ diagnosed

by histopathology. The proportion of women diagnosed with CIN2+ was relatively stable
between 1-2% throughout the study period. The HPV positivity rate also remained
consistent throughout the study period, ranging between 9-13%. However, the VIA
positivity rate fluctuated widely. It was between 9-13% for the first 18 months and then
steadily increased to 20-25% for the last 17 months of the study period. As shown in the
figure, these fluctuations coincided with additional training and/or a new physician joining
the study.

Figure 3 shows the sensitivity, specificity, PPV, and NPV for HPV testing and VIA as
screening modalities to detect CIN2+. This analysis was based on the 508 women that
completed Visit 2 and the 1,208 women that screened negative by both HPV and VIA and
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did not complete Visit 2. For the analysis, those that screened negative by both HPV and
VIA and did not complete Visit 2 were assumed to be <CIN2. There was no significant
difference in sensitivity between HPV testing (82.1%) and VIA (75.0%) to detect women
with CIN2+ (p=0.77). However, the specificity of HPV testing (90.4%) was significantly
higher than that of VIA (80.9%) (p<0.001). The PPV (12.4%) and NPV (99.7%) of HPV
testing were also higher than that of VIA, which had a PPV of 6.1% and NPV of 99.5%.
However, there were too few discordant pairs to calculate a significant difference in PPV and
there was no significant difference in NPV (p=0.45).

Figure 4 shows the sensitivity, specificity, PPV, and NPV for VIA, colposcopy, and HRME
as triage modalities to detect CIN2+ in the 508 women who completed Visit 2. There were
no significant differences between the sensitivities of VIA (82.1%), colposcopy (82.1%)
and HRME (71.4%) (p=0.38). However, the specificity of HRME (66.7%) was significantly
higher than that of VIA (51.9%, p<0.001) and colposcopy (54.4%, p<0.001). Of note, the
specificity of colposcopy (53.3%) was also significantly higher than VIA (51.9%, p=0.04).
HRME had the highest PPV (11.1%) in comparison to VIA (9.1%) and colposcopy (9.3%),
but there were too few discordant pairs to calculate a significant difference. The NPV
(97.6%) for HRME was not significantly lower than VIA (98.0%, p=0.52) and colposcopy
(98.1%, p=0.47).

Table 2 compares the number of women that would have been appropriately treated/not
treated, missed, and over-treated based on the five theoretical Screen-and-Treat or Screen-
Triage-Treat strategies. The values tabulated are based on the actual screening, triage and
histopathology results for the 508 women that completed Visit 2 and the 1,208 women

that screened negative by both HPV and VIA and are assumed to be <CIN2. A Screen-and-
Treat strategy based on HPV DNA testing detects the most cases of CIN2+ (23/28, 82%),
but over-treats 10% of disease-free women (162/1688). Screen-and-Treat based on VIA
detects a similar number of cases (21/28, 75%) but substantially increases the number of
women over-treated (323/1688, 19%). A Screen-Triage-Treat strategy based on sequential
combination of HPV DNA testing and VIA detects slightly fewer cases (19/28, 68%) but
reduces the number of women who are over-treated (63/1688, 4%). A Screen-Triage-Treat
strategy combining HPV DNA testing with HRME detects 16/28 cases (57%) and results in
the lowest number of women who are over-treated (43/1688, 3%). In comparison, combining
VIA screening with HRME detects the fewest number of cases of CIN2+ (14/28, 50%) and
results in a higher number of women receiving unnecessary treatment (124/1688, 7%). Of
these different theoretical strategies, a Screen-Triage-Treat strategy combining HPV DNA
testing with HRME would have resulted in the most women receiving appropriate care
(1661/1716, 97%).

Discussion

The accurate detection and treatment of high-grade cervical abnormalities is important to
prevent cervical cancer. For LMICs without access to HPV and cytology screening, the
WHO recommends using VIA as a screening strategy. However, studies have shown VIA to
be highly subjective and have poor specificity, resulting in the overtreatment of significant
numbers of women when using Screen-and-Treat programs based on VIA. Our results
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are consistent with these findings; over the duration of the study, the positivity rate of

VIA testing fluctuated widely following changes in the study physician or when the study
physician received additional training. In contrast, the rate of HPV positivity and CIN2+
remained consistent. A meta-analysis by Driscoll er a/.2° revealed that provider type was a
significant predictor of VIA sensitivity and components of provider training were significant
predictors of VIA sensitivity and specificity. Again, consistent with other studies?!, we
found that the specificity of HPV testing was significantly higher than VIA, and the results
of this study support the use of HPV testing in LMICs to more accurately screen for cervical
cancer.

Our evaluation of triage tests showed that HRME had a significantly higher specificity
than colposcopy and VIA alone. Like VIA, colposcopy is a subjective test that depends on
the skills and experience of the provider.22 23 |n contrast, HRME offers an objective way
to evaluate cervical abnormalities by incorporating automatic image analysis software and
obviating the need for biopsy and pathology services.

Screen-and-Treat strategies allow women to be screened and treated for high-grade cervical
abnormalities within the same clinic visit.24 This approach to cervical cancer prevention

is ideal for low-resource areas where women who screen positive at a first visit can be

lost to follow-up when asked to return for a second triage visit and then a third treatment
visit. In this study we compared the theoretical results of five different Screen-and-Treat/
Screen-Triage-Treat strategies. Of these strategies, HPV screening followed by immediate
treatment yielded the highest number of women appropriately treated for CIN2+, however
HPV screening alone led to 162 (10%) of disease-free women being inappropriately treated.
Adding a triage step with HRME led to seven fewer cases of CIN2+ being detected, but
decreased the number of over-treated women to 43 (3%) and resulted in the greatest number
of women receiving appropriate care (97%) of the five strategies compared.

The strengths of this study include that it provides a direct comparison of different screening
and triage methods, including a novel triage strategy based on HRME to identify women
with CIN2+ in a LMIC. Due to the large number of patients being enrolled in the study
without disease, we are able to compare the specificity of HRME to those of VIA and
colposcopy with a power of 100% (a=0.05).

A limitation of this study was the number of CIN2+ cases (n=28), which resulted in a

study power of 9.6% (a=0.05) when comparing the sensitivities of different triage strategies.
Future work evaluating HRME will focus on prescreened populations to ensure an adequate
number of CIN2+ cases are included to draw more statistically significant conclusions on
sensitivity and on developing better image analysis algorithms that can more accurately
detect CIN2+.
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Abbreviation List

AIS adenocarcinoma in situ

Cl confidence intervals

CIN cervical intraepithelial neoplasia

ECC endocervical curettage

HPV human papillomavirus

HRME high-resolution microendoscopy

ICES Instituto del Céancer de El Salvador

LEEP loop electrosurgical excision procedure

LMICs low- and middle-income countries

NPV negative predictive value

PPV positive predictive value

VIA visual inspection with acetic acid

VILI visual inspection with Lugol’s iodine

WHO World Health Organization
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Novelty and Impact:

The high-resolution microendoscope (HRME) is an /n vivo imaging device that allows
medical providers to further examine and triage cervical abnormalities to detect cervical
precancer at the point-of-care. This study evaluated different screening and triage
strategies to detect cervical precancer in El Salvador. The results demonstrate the
superiority of HPV screening in comparison to VIA, and that triage with HRME
increases the specificity of detecting cervical precancer in a low-resource setting.
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Figure 1:

Flowchart outlining the number of women that completed each part of the study stratified by

their initial screening results at Visit 1.
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Screening Test Positivity Rate Over Time
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Figure 2:

Cumulative positivity rate of HPV and VIA screening compared to the cumulative rate of
CIN2+ over the study’s duration. The positivity rate for each was calculated by dividing the
total number who screened positive or were diagnosed by CIN2+ by the total number who
had completed Visit 1 by the date specified. Significant dates corresponding to changes in
clinic personnel or physician training are indicated.
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Figure 3:
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)

of HPV and VIA screening to detect women with biopsy proven CIN2+. Analysis included
the 508 women with complete screening and pathology results and the 1208 women that
screened negative by HPV and VIA and are assumed to be <CIN2. Error bars represent 95%
exact binomial confidence intervals. $Number of discordant pairs was less than or equal to
20.
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Figure 4:
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)

of VIA, colposcopy, and HRME to immediately diagnose women with biopsy proven
CIN2+. Analysis included the 508 women who completed Visit 2. Error bars represent 95%
exact binomial confidence intervals. TNumber of discordant pairs was less than or equal to
20.
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Number of women who completed Visit 2 stratified by final pathology diagnosis and initial screening test

results.

Initial Screening Results

Final Pathology
Diagnosis

HPV-/VIA- (n=38) | HPV+/VIA+ (n=59) | HPV+VIA- (n=126) | HPV-/VIA+ (n=285)
<CIN2 (n=480) 38 (100%) 43 (73%) 119 (94%) 280 (98%)
CIN2 (n=6) 0 (0%) 4 (1%) 2 (2%) 0 (0%)
CIN3 (n=21) 0 (0%) 12 (20%) 5 (4%) 4 (1.5%)
AIS (n=1) 0 (0%) 0 (0%) 0 (0%) 1 (0.5%)
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Number of women who would have been appropriately treated, appropriately not treated, missed or over-
treated for CIN 2+ vs. point-of-care detection method.

- - True Positives False Negatives False Positives True Negatives Number of
Screening Triage Number of Women Number of Number of Number of Women Women who

Test Test with CIN2+ Diagnosed Women with Women Over- Appropriately Not Received

and Appropriately CIN2+ Missed treated (out of Treated (out of Appropriate Care

Treated (out of 28 (out of 28 1688 women 1688 women without (out of 1716

women total with women total without CIN2+) women)

CIN2+) with CIN2+) CIN2+)

HPV - 23 (82%) 5 (18%) 162 (10%) 1526 (90%) 1549 (90%)
VIA - 21 (75%) 7 (25%) 323 (19%) 1365 (81%) 1386 (81%)
HPV VIA 19 (68%) 9 (32%) 63 (4%) 1625 (96%) 1644 (96%)
HPV HRME 16 (57%) 12 (43%) 43 (3%) 1645 (97%) 1661 (97%)
VIA HRME 14 (50%) 14 (50%) 124 (7%) 1564 (93%) 1578 (92%)
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