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Abstract

Cervical cancer is a leading cause of death in underserved
areas of Brazil. This prospective randomized trial involved
200 women in southern/central Brazil with abnormal
Papanicolaou tests. Participants were randomized by geo-
graphic cluster and referred for diagnostic evaluation either
at a mobile van upon its scheduled visit to their local
community, or at a central hospital. Participants in both
arms underwent colposcopy, in vivo microscopy, and cer-
vical biopsies. We compared rates of diagnostic follow-up
completion between study arms, and also evaluated the
diagnostic performance of in vivo microscopy compared
with colposcopy. There was a 23% absolute and 37%
relative increase in diagnostic follow-up completion rates
for patients referred to the mobile van (102/117, 87%)
compared with the central hospital (53/83, 64%;

Introduction

Cervical cancer remains a major global public health
problem despite effective screening with Papanicolaou
(Pap) and human papillomavirus (HPV) DNA testing as
well as the more recent introduction of the HPV vaccine.
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P = 0.0001; risk ratio = 1.37, 95% CI, 1.14-1.63). In
229 cervical sites in 144 patients, colposcopic examination
identified sites diagnosed as cervical intraepithelial neo-
plasia grade 2 or more severe (CIN2+; 85 sites) with a
sensitivity of 94% (95% CI, 87%-98%) and specificity of
50% (95% CI, 42%-58%). In vivo microscopy with real-
time automated image analysis identified CIN2+ with a
sensitivity of 92% (95% CI, 84%-97%) and specificity
of 48% (95% CI, 40%-56%). Women referred to the
mobile van were more likely to complete their diagnostic
follow-up compared with those referred to a central
hospital, without compromise in clinical care. In vivo
microscopy in a mobile van provides automated diagnos-
tic imaging with sensitivity and specificity similar to
colposcopy. Cancer Prev Res; 11(6); 359-70. ©2018 AACR.

Over 500,000 new cases and 270,000 deaths due to cervical
cancer still occur annually worldwide (1). Over 85% of
cases and deaths occur in women in low- and middle-
income countries (LMIC), where Pap- or HPV DNA-based
screening and follow-up programs are often lacking or
flawed (1-3).

In Brazil, approximately 16,400 new cases of cervical
cancer occur each year, representing the third highest
cancer incidence among Brazilian women, excluding non-
melanoma skin cancer (4). Incidence rates vary within
Brazil with the highest rates in underserved areas located
far from screening and diagnostic centers (4). One strategy
to reach patients in these areas, developed by Barretos
Cancer Hospital in the northern part of Sao Paulo state,
is the use of medically equipped semi-trailer trucks that
travel to underserved communities to perform Pap-based
cervical cancer screening and other services (5-11). While
this is effective in terms of initial screening, patients with an
abnormal Pap test result must still travel to a central
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hospital for diagnostic follow-up (colposcopy, biopsy, and
histopathologic evaluation)—often a journey of 2 or more
days by bus. It is estimated that up to two-thirds of screen-
positive women fail to return to the central hospital for the
necessary diagnostic workup and treatment, especially
when they live far from the central facility (8).

In this study, we explored a strategy for bringing mobile
diagnostic follow-up to underserved communities in Brazil.
This was achieved through the use of a mobile diagnostic
van equipped with a colposcope, in vivo microscope, cryo-
therapy equipment, and staffed by a colposcopist and a
research nurse. The mobile diagnostic van traveled from
Barretos Cancer Hospital to communities where patients
with abnormal Pap results had previously been identified
via mobile screening trucks. Patients received diagnostic
follow-up care in the van including colposcopy, in vivo
microscopy, and cervical biopsies. The in vivo microscope
is an important component of this strategy and consists of
a low-cost fiber-optic imaging device called the high-
resolution microendoscope (HRME) that can image sub-
cellular morphologic features in real time (12, 13). This
gives the clinician the ability to evaluate the size, shape, and
distribution of cell nuclei in situ at the point of care—
information thatis typically only available weeks to months
later after taking a biopsy, tissue processing, and evaluation
at the central hospital. This real-time diagnostic imaging
capability could potentially be used to help guide the
selection of biopsy sites and reduce the number of biopsies
needed for diagnosis. It could also potentially help identify
lesions that are suitable for immediate treatment using
cryotherapy, minimizing losses to follow-up.

The primary objective of this study was to compare rates
of diagnostic follow-up completion for screen-positive
women randomized to attend a mobile diagnostic van in
their local community versus a central hospital for diag-
nostic follow-up. The secondary objective of the study was
to evaluate the diagnostic performance of in vivo micros-
copy compared with colposcopy using histopathology as
the gold standard.

Materials and Methods

Study design for evaluation of mobile diagnostic
follow-up

We conducted a non-blinded, cluster-randomized com-
munity trial to evaluate two strategies for follow-up diag-
nosis of cervical cancer precursor lesions in patients with an
abnormal Pap test result: (i) referral of patients to a mobile
diagnostic van upon its visit to their local community
(experimental arm) versus (ii) referral of patients to travel
to a central hospital for diagnostic follow-up (standard-of-
care arm). Subjects were randomized by geographic cluster
to the experimental arm or the standard-of-care arm.

The study was approved by the Barretos Cancer Hospital
Ethics Research Committee, the Brazilian National Ethics
Research Commission (CAAE: 37774314.3.0000.5437),
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and the institutional review boards of Rice University
(ID#653693) and the University of Texas MD Anderson
Cancer Center (ID#2015-0442). Written informed consent
was obtained from all participants. The protocol was
registered with ClinicalTrials.gov (NCT 02494310).

Participants

Potential subjects were identified through a regional Pap
Smear screening program operated by Barretos Cancer
Hospital (BCH) via mobile screening trucks. Each city
scheduled to be visited by the mobile screening trucks was
eligible for cluster randomization. Randomization was
done in three rounds as the schedule for the mobile
screening trucks was not known in advance. In each round,
a list of cities was provided by clinicians at BCH to colla-
borators at Rice University. Each city was assigned a num-
ber and a computer program was used to generate a
random number sequence for the number of cities. The
first half of the cities in the sequence was assigned to the
experimental arm, whereas the second half was assigned to
the standard care arm. A total of 234 geographic clusters
were randomized; 79 clusters with patients having abnor-
mal Pap results were included in the study (Supplementary
Table S1). Per Brazilian guidelines, women 18 years of
age or older who had an abnormal screening Pap test
(>ASC-US) were referred for colposcopy and therefore
eligible for the study and invited by telephone to participate.

Each geographic cluster was characterized by its distance
from the central hospital (BCH) and by its human devel-
opment index (HDI), which is a composite statistic of life
expectancy, education, and per capita income. HDI values
for each geographic cluster/municipality were obtained
from an official Brazilian government website, Instituto
Brasileiro de Geografia e Estatistica, at: https://cidades.
ibge.gov.br/xtras/home.php, accessed May 2016.

Diagnostic setting

Patients in the standard-of-care arm traveled to the
colposcopy clinic at BCH for the required diagnostic
procedures. Patients in the experimental arm underwent
diagnostic procedures in a mobile diagnostic van that
traveled to their community (Fig. 1). The interior of a
Mercedes Sprinter 515 CD1 van was configured to include
two rooms: a changing room in the rear of the vehicle and
an examination room equipped with a table for gyneco-
logic examinations, colposcope, in vivo microscope, sup-
plies, washbasin, electrical power (when plugged in to an
external power source), running water, and air condition-
ing. All vehicle adaptions were made in the Mobile Unit
Factory of BCH (Barretos Lamboo Company).

In vivo microscopy

The HRME was developed at Rice University (Houston,
Texas, USA). It is a portable, battery-powered fluorescence
microscope with a flexible fiber-optic probe (14-16). The
HRME has a field of view of 790 microns and transverse
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Figure 1.

The mobile diagnostic van. A, In transit at the Juruena river; B, arriving at a remote community in the state of Mato Grosso; C, view of the examination room

inside the van.

resolution of 4 microns; the probe is flexible but has a
minimum recommended radius of curvature of 90 mm.
The HRME is used in combination with the topically
applied contrast agent 0.01% proflavine. During use, the
clinician holds the HRME probe a few inches back from the
distal tip and places the probe in contact with the tissue
surface. The HRME device images the size, shape, and
distribution of epithelial cell nuclei.

Upon image acquisition, the HRME software automat-
ically processes the image, performs a quality control
check, and applies a quantitative diagnostic algorithm
based on morphologic features including the size, eccen-
tricity, and crowding of cell nuclei (17-20). The automated
algorithm segments individual nuclei and outlines them in
the image display in yellow if they fall within a normal
range for size and eccentricity as defined in the software, or
in red if they exceed those limits. After segmenting the
image in this manner, the quality control check is per-
formed using two quantitative metrics: raw pixel intensity
ofthe fiber bundle region and signal to background ratio of
the segmented nuclei compared with the segmented cyto-
plasm areas of the image. Finally, the automated algorithm
calculates a quantitative parameter defined as the number
of abnormal nuclei per square millimeter of area included
in the analyzed field of view. This parameter, #abnormal
nuclei/mm?, is used to categorize the overall image as
nonneoplastic or neoplastic, with a preestablished thresh-
old value of 120 abnormal nuclei/mm? as the cutoff. The
threshold values for quality control and diagnosis were
established based on data from a previous cervical dyspla-
sia imagingstudy (13) and data from the first 34 patients in

www.aacrjournals.org

this study (22 in the central facility arm and 12 in the
mobile van arm). Starting with the 35th patient in this
study, the algorithm, parameters, and thresholds were fixed
throughout the remainder of the study. The HRME displays
this quantitative result and a diagnostic prediction for the
site within approximately 6 to 8 seconds following image
acquisition.

Diagnostic procedures

Diagnostic procedures were carried out in an identical
fashion in the central hospital and the mobile van. Proce-
dures were performed by one of three colposcopists with
similar training and clinical experience (JCPR, MA, BOF).
All three colposcopists participated in both arms of the
study.

An initial examination was performed using visual
inspection with 5% acetic acid followed by colposcopic
examination. Colposcopy images were acquired using a
KLP 210 colposcope (Kolplast ci Ltda) in the mobile van
and CP-M1255 colposcope (DFV) in the central facility.
Any colposcopically abnormal areas were identified and
recorded as "low grade" (LG), "high grade" (HG), or
"cancer". By default, any areas not identified as abnormal
were categorized as "no lesion" by colposcopy. Colpo-
scopic calls of low grade or more abnormal were consid-
ered positive, consistent with standard of care at BCH. All
colposcopy images and impressions were recorded prior to
in vivo microscopy. Colposcopy images in addition to
colposcopic impressions were entered into the study data-
base (REDCap), but only the impressions were used in the
diagnostic performance analysis presented.
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After colposcopy, proflavine at a concentration of 0.01%
was then applied to the cervix and in vivo microscopy was
performed using the HRME device. HRME images were
acquired from colposcopically abnormal cervical sites
(with HRME probe placement at these sites guided by
colposcopy). HRME images were also acquired from a
minimum of one site per quadrant, even if no colposco-
pically abnormal lesion was present (with HRME probe
placement at these sites guided by visual examination). The
colposcopist was tasked with collecting a single HRME
image from each site, but had discretion to collect more
than one image if desired. If more than one image was
collected at a single site, the image with the highest (most
abnormal) quantitative score according to the automated
algorithm was used. The diagnostic prediction generated
by the automated HRME software was noted for each site.
Sites identified as abnormal by colposcopy or by HRME
imaging were biopsied. If no sites were identified as abnor-
mal by either method, a single biopsy was taken from a
clinically normal site randomly selected by the clinician.
Endocervical curettage (ECC) was performed in a small
number of patients when clinically indicated (mobile van:
9 patients; central facility: 3 patients). Because HRME is not
capable of imaging the endocervix, pathology resulting
from ECC does not correspond to cervical sites where
images were acquired. Therefore, ECC pathology was not
used to evaluate diagnostic performance.

Histopathology

Biopsy specimens underwent standard processing with
hematoxylin and eosin staining as per standard procedure.
Two expert pathologists (G. de Macédo Matsushita, C.
Scapulatempo-Neto, or L. Kerr) who were blinded to all
study results reviewed the histologic slides and classified
each site as benign (including normal, atrophy, and
inflammation), cervical intraepithelial neoplasia grade 1
(CIN1), grade 2 (CIN2), grade 3 (CIN3), adenocarcinoma
in situ (AIS), or invasive carcinoma, according to standard
criteria defined by the World Health Organization (21).
Discrepant results were resolved by consensus review.

Treatment

Patients in the standard-of-care arm with a histopa-
thology result of CIN2 or more severe (CIN2+) were
referred within the central hospital facility for loop
electrosurgical excision procedure (LEEP), cold-knife
conization (CKC), or cancer management based on the
results. Patients in the standard-of-care arm with histo-
pathology results of <CIN2 were recommended to have
follow-up in 6 and/or 12 months per local standard of
care. Cryotherapy was not offered to subjects in the
standard-of-care arm.

For patients in the experimental arm with a lesion noted
by colposcopy, the option of immediate treatment using
cryotherapy in the mobile diagnostic van was available,
provided the lesion covered less than 75% of the ectocervix,
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could be fully covered with the cryotherapy tip, did not
extend into the endocervical canal, and was not suggestive
of cancer (22). These are standard local eligibility criteria
for cryotherapy. The assessment of eligibility for cryother-
apy was made on the basis of visual inspection and
colposcopic imaging. Women with a lesion noted by
colposcopy who were ineligible for cryotherapy or who
chose not to get cryotherapy were referred to the central
hospital facility for follow-up and/or treatment as per
standard of care. Women without a lesion noted by colpos-
copy were recommended to have follow-up. In any case
where subsequent histopathology indicated CIN2+, the
patient was referred to the central hospital facility for
treatment as per standard of care.

Patients in the experimental arm who received cryother-
apy but whose histopathology results subsequently indi-
cated AIS or invasive carcinoma were recalled to a central
hospital for immediate treatment. Patients who received
cryotherapy and whose histopathology results subsequent-
ly indicated CIN2 or CIN3 were scheduled for follow-up at
the central hospital in 6 months per local standard of care.

Statistical analyses

Sample size calculations for the study design were
performed based on a cluster randomization power
analysis using the two-sided score test (23). Sampling
20 clusters with five subjects each in both arms provided
81% power (P = 0.05) to detect a 30% absolute increase
in diagnostic follow-up completion rates for screen-
positive women in the experimental arm, assuming that
only 40% of the women with an abnormal Pap test
would return in the standard-of-care arm. All data were
collected and managed using the REDCap (Research
Electronic Data Capture) platform (24). Statistical sig-
nificance testing was performed using R 3.2.2 (25).

The primary endpoint was the rate of diagnostic follow-
up completion for women in each arm of the study.
Diagnostic completion rates were compared using Fisher's
exact test. The relative difference in completion rates was
quantified using a risk ratio. The risk ratio and the 95%
confidence interval (95% CI) of completing diagnostic
follow-up were calculated using unconditional maximum
likelihood estimation (Wald; ref. 26).

The secondary endpoint was diagnostic performance
(sensitivity and specificity) of colposcopy and in vive
microscopy for detection of CIN2+. Both low-grade or
more abnormal (LG+) and high-grade or more abnor-
mal (HG+) were used as thresholds for positivity to
evaluate the diagnostic performance of colposcopy. Sen-
sitivity and specificity with 95% binomial exact confi-
dence intervals were calculated on both a per-site basis
and a per-patient basis, with the most abnormal colpos-
copy result, HRME result, and histopathology result used
in the per-patient analysis. Significance testing for the
two diagnostic methods for sensitivity and specificity was
performed using McNemar's test, which is a statistical
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diagnostic follow-up (n=117, 58.5%)

Did not attend
appointment
(n=15, 13%)
Attended appointment
(n=102, 87%)
MNot enrolled
(n=2,2%)

Diagnostic examination
with biopsy (n= 100, 98%)

l

Treatment andfor follow-up at
central facility
= LEEP [n=29, 29%)
* Cancer maragement (n=2, 2%)
= Cryotherapy! (n = 6, B%)
* Follow-up (0 =63, 63%)

Invited to eentral faeility for
diagnostic follow-up (n=83, 41.5%)

Did not attend
appointment
(n=30, 36%)
Attended appointment
(n="53, 64%)
Mot enrolled
(n=1, 2%)

Diagnostic examination
with biopsy (n=52, 98%)

|

Treatment andfor follow-up at
central facility
* LEEP {(n=20, 38%)
+ Cancer management (n=23, 6%)
» Cryotherapyt (n=0, 0%)
» Follow-up (n = 29, 569%)

* Abnormal Pap test results included the following: ASC-US, LSIL, ASC-H, HSIL, and AGC.

T Immediate cryotherapy in mobile van.

tCryotherapy was nol offered in the central facility because LEEP was preferred in this setling.

Figure 2.

Comparison of the diagnostic follow-up rates between the mobile van and central hospital facility. Treatment and/or follow-up information reflects
management recommendations, which in some cases may differ from treatment and/or follow-up actually received (except in the case of cryotherapy in the

mobile van arm, which was performed immediately).

test used to determine whether there are differences in a
dichotomous-dependent variable between two related
groups (27).

Results

The study schema is shown in Fig. 2. Following cluster
randomization, 83 patients from 41 geographic clusters
were assigned to the standard-of-care arm (central hospi-
tal) and 117 patients from 38 geographic clusters were
assigned to the experimental arm (mobile diagnostic van).
There were no significant differences between the geo-
graphic clusters in the standard of care and experimental
arms with regards to mean human development index
(0.699 and 0.700, respectively) and mean distance to the

central hospital facility (1,020 km and 996 km, respec-
tively) (Supplementary Table S1).

The primary outcome results are shown in Table 1: there
was a 23% absolute and 37% relative increase in diagnostic
completion rates in the mobile van (102 of 117 patients,
87%) compared with the central hospital facility (53 of 83
patients, 64%; P =0.0001; risk ratio = 1.37,95% CI, 1.14-
1.63). As theriskratio of 1.37 indicates, the attendance rate
for women in the mobile van arm was 37% higher relative
to the attendance rate for women in the central hospital
arm. Of the 155 patients who presented for diagnostic
follow-up, 152 underwent both colposcopy and in vivo
microscopy (100 patients in the mobile van and 52
patients in the central hospital facility). Three patients who
presented for diagnostic follow-up (two in the mobile van

Table 1. Diagnostic completion rates for patients who received diagnostic follow-up at the central hospital facility compared with the diagnostic mobile van

Number of Number (%) of

patients invited patients attended P Risk ratio 95% Cl
Mobile diagnostic van nz 102 (87%) 0.0001 1.37 1.14-1.63
Central facility 83 53 (64%)

2p value calculated using the Fisher's exact test.
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Table 2. Screening Pap results, final biopsy diagnosis, and referral to treatment for the 152 patients who completed diagnostic follow-up

Mobile van Central facility

No. patients 100 52

Presenting Pap diagnosis, no. patients (%) P?
ASC-US 36 (36) 13 (25) 0.18
ASC-H 23 (23) 13 (25)

LSIL 26 (26) 10 (19)
HSIL 12 (12) 13 (25)
AGC 33 3(6)

Final biopsy diagnosis, no. patients (%) P
Benign 40 (40) 17 (33) 0.27
CIN1 30 (30) 13 (25)

CIN2 14 (14) 7 (13)
CIN3 nan 14 (27)
Adenocarcinoma in situ (M 0 (0)
Invasive carcinoma 2(2) 1(2)
Indeterminate 2(2) 0 (0)

Referral to treatment, no. patients (%) P
Follow-up 63 (63) 29 (56) o
Cryotherapy (only offered in mobile van arm) 6 (6) 0 (0)

LEEP 29 (29) 20 (38)
Cancer management 22 3(6)

NOTE: Treatment and/or follow-up information reflects management recommendations, which in some cases may differ from treatment and/or follow-up actually
received (except in the case of cryotherapy in the mobile van arm, which was performed immediately).

Abbreviations: AGC, atypical glandular cells; ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined significance;
CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous intraepithelial lesion; LEEP, loop electrosurgical excision procedure; LSIL, low-grade squamous
intraepithelial lesion.

2P values calculated using Fisher's exact test. P values compare the populations in the two arms of the study in terms of presenting Pap diagnosis, final biopsy

diagnosis, and referral to treatment. No statistically significant difference was observed between the populations in terms of those categories (P > 0.05).

and one at the central facility) did not undergo these
procedures: one underwent LEEP treatment at a different
facility, one had excessive bleeding preventing colposcopy,
and one had a scheduling error. The presenting Pap find-
ings, final biopsy diagnoses, and referral to treatment for
these 152 patients are summarized in Table 2.

A total of 625 cervical sites in these 152 patients were
examined using colposcopy and HRME imaging and the
results compared with the gold standard of histopathologic
diagnosis. We excluded 396 of the cervical sites from the
diagnostic performance analyses due to (i) normal findings
with no biopsy taken (n = 350, 56%), (ii) HRME images
failed an automated quality control check (n = 39, 6%),
and (iii) indeterminate histopathology (n = 7, 1%). The
majority of images that failed the automated quality
control check were those with very low overall intensity,
which can arise from poor contact between the fiber
probe and cervical tissue. Of the seven cases with inde-
terminate histopathology, in three cases both patholo-
gists' individual reads indicated an indeterminate result
or insufficient tissue for analysis. In four cases, the
pathologists' individual reads did not agree and they
were unable to reach a clear consensus result upon further
review. As a result of the exclusions applied to cervical
sites in the dataset, a total of 8 patients were excluded
from the per-patient analysis (3 with overall indetermi-
nate pathology and 5 with no HRME images passing the
automated quality control check).

The data from the remaining 229 cervical sites in 144
patients were included in the colposcopy and HRME
performance analyses. Of these 229 cervical sites, 187 sites

364 Cancer Prev Res; 11(6) June 2018

had a single HRME image collected and 42 sites had two
HRME images collected. At sites where two HRME images
were collected, the image with the highest (most abnor-
mal) quantitative score was used. A histopathologic diag-
nosis of CIN2+ was diagnosed in 85 of the 229 cervical
biopsy sites (37%) and in 50 of the 144 patients (35%). On
a per-site basis, the distribution of histopathologic diag-
noses was as follows: 87 benign, 57 CIN1, 39 CIN2, 39
CIN3, and 7 cancer. On a per-patient basis, the distribution
of histopathologic diagnoses was as follows: 51 benign, 43
CINT1, 21 CIN2, 25 CIN3, and 4 cancer.

Examples of colposcopic and HRME images for sites in
three different patients are shown in Fig. 3. The CIN1
cervical lesion in Fig. 3A was identified as negative by both
colposcopy and HRME imaging. The CIN3 cervical lesion
in Fig. 3B was identified as a high-grade lesion by both
colposcopy and HRME imaging. However, the cervical
lesion in Fig. 3C showed inflammation and was incorrectly
identified as positive by both colposcopy and HRME,
illustrating the possibility of a false positive result
due to the confounding effects of inflammation. Inflam-
mation accounted for a significant portion of the false
positives for both colposcopy and HRME. A higher fre-
quency of inflammation was observed among patients
who were false positive by HRME than those who were
false positive by colposcopy, though not statistically sig-
nificant [per patient: 17/33 (52%) inflammation among
HRME false positives; 14/38 (37%) inflammation among
colposcopy false positives; P = 0.24; per site: 48/75 (64%)
among HRME false positives; 35/72 (49%) among colpos-
copy false positives; P = 0.07].
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Figure 3.

Colposcopic and HRME images for
three example patients. The histologic
result is shown for reference. The HRME
panels show a raw image of the nuclear
morphology (left) and the automated
analysis with quantitative
interpretation (right). A, Both methods
correctly identify the cervical site as
benign. B, Both methods correctly
identify the cervical site as a
precancerous lesion. C, Both methods
incorrectly indicated a precancerous
lesion with the biopsy result showing
inflammation. In the overlay, nuclei
within normal limits for size and
eccentricity are outlined in yellow;
nuclei exceeding those limits are
outlined in red. The parameter
#abnormal nuclei/mm? is displayed at
bottom right and in the bar graph
relative to the threshold value (120).
The bar is green if <120 (predicted
nonneoplastic) or red if >120 (predicted
neoplastic).

No colposcopy lesion

High-grade
colposcopy lesion

Low-grade
colposcopy lesion

Figure 4 shows the secondary outcome results of the
study: the sensitivity and specificity of colposcopy and in
vivo microscopy for identification of CIN2+ with respect to
histopathology. The sensitivity and specificity (with 95%

Figure 4.

Sensitivity (SE) and specificity (SP) of
colposcopy and four-quadrant HRME
for detecting CIN2+ per biopsy site and
per patient. Colposcopy LG+ and HG+
indicate performance of colposcopy
where low-grade and high-grade were
used as the threshold for positivity,
respectively. Error bars, binomial exact
95% Cl. Significance testing was
petformed using McNemar's test.

www.aacrjournals.org

100%

80%

60%

40%

20%

0%

Diagnosing Cervical Neoplasia in Rural Brazil

HRME Negative

Histopathology

CIN 1

Histopathology

Histopathology

Inflammati

binomial exact confidence intervals in parentheses) were
as follows: on a per cervical lesion site (per-site) basis,
low-grade colposcopy (threshold of low-grade or more
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Table 3. /n vivo microscopy results stratified by colposcopic impression and histologic diagnosis on a per-site and per-patient basis

Per-site analysis (n = 229)

Per-patient analysis (n = 144)

Colposcopic Histologic No. of sites No. (%) of sites No. of patients No. (%) of patients
impression diagnosis measured HRME positive measured HRME positive
Normal Benign 51 24 (47) 36 9 (25)

CIN1 21 304 20 2 (10)

CIN 2 2 2 (100) 1 1(100)

CIN 3 3 3 (100) 2 2 (100)
Abnormal Benign 36 24 (67) 15 8 (53)

CIN1 36 24 (67) 23 14 (61)

CIN 2 37 33 (89) 20 19 (95)

CIN 3 36 33(92) 23 22 (96)

AlS/invasive carcinoma 7 7 (100) 4 4 (100)

specificity of 50% (42%-58%), high-grade colposcopy
(threshold of high-grade or more abnormal) had a sensi-
tivity of 68% (57%-78%) and a specificity of 86% (79%-
91%), and in vivo microscopy had a sensitivity of 92%
(84%-97%) and specificity of 48% (40%-56%); on a per-
patient basis, low-grade colposcopy had a sensitivity of
94% (83%-99%) and specificity of 60% (49%-70%),
high-grade colposcopy had a sensitivity of 64% (49%-
77%) and specificity of 96% (89%-99%), and in vivo
microscopy had a sensitivity of 96% (86%-100%) and
specificity of 65% (54%-74%). No significant statistical
difference (P> 0.05) was found between low-grade colpos-
copy and in vivo microscopy in terms of sensitivity and
specificity on a per-site or per-patient basis. High-grade
colposcopy was found to be significantly more specific
than in vivo microscopy (P < 0.001); however, in vivo
microscopy was significantly more sensitive (P < 0.001),
indicating a trade-off between sensitivity and specificity for
high-grade versus low-grade colposcopy.

Table 3 shows the detailed results of in vivo microscopy
for each subset of subjects stratified by colposcopic impres-
sion and histologic diagnosis. Of the 59 women in the
study who had no colposcopic lesions, only three (5%)
showed high-grade disease (CIN2+) by histopathology.
HRME correctly classified all three (100%) of those
patients as abnormal and correctly classified 45 of the
remaining 56 (80%) as normal. In addition, among the
85 women who had lesions noted by colposcopy, 47
(55%) showed high-grade disease (CIN2+) by histopa-
thology. HRME imaging correctly classified 45 (96%) of
this subset of patients as abnormal and correctly classified
16 of the remaining 38 (42%) in the subset as normal.

Overall, HRME identified as positive 20 out of 21 (95%)
of patients with CIN2, 24 out of 25 (96%) of patients with
CIN3, and 4 out of 4 (100%) of patients with invasive
cancer; and identified as negative 27 out of 43 (63%) of
patients with CIN1 and 34 out of 51 (67%) of patients with
benign histopathology (Table 3). Colposcopy identified as
positive 20 out of 21 (95%) of patients with CIN2, 23 out
of 25 (92%) of patients with CIN3, and 4 out of 4 (100%)
of patients with invasive cancer; and identified as negative
20 out of 43 (47%) of patients with CIN1 and 36 out of 51
(71%) of patients with benign histopathology (Table 3).
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Clinically normal sites where no biopsy was taken were
excluded from the analysis because those sites lack a
histopathologic gold standard. Only sites with a histopath-
ologic gold standard were included in order to make the
analysis as rigorous as possible. If clinically normal sites
with no biopsy are included in the analysis, colposcopic
examination must be used as the gold standard for those
sites. This may be done, and it results in improved spec-
ificity for HRME imaging (HRME: 92% sensitivity, 81%
specificity on a per-site basis).

Discussion

The primary findings of our study include a 37% relative
and 23% absolute increase in the diagnostic completion
follow-up rate of screen-positive women attending a
mobile diagnostic van equipped with colposcopy and in
vivo microscopy in their local community compared with
those asked to travel to a central hospital for diagnosis. The
diagnostic completion rate in the central hospital arm
(considered baseline) was 64%, and the diagnostic com-
pletion rate in the mobile van arm was 87%. The absolute
increase represents the difference between those percen-
tages (87%-64% = 23%) and the relative increase repre-
sents the percentage increase relative to baseline (87%-
64%)/64% = 37%, using unrounded values in the calcu-
lation. Furthermore, we found the combination of colpos-
copy and point-of-care in vivo microscopy to be feasiblein a
mobile van.

Current approaches for cervical cancer screening in high-
income countries include Pap and/or HPV DNA testing
(28). Patients with abnormal results undergo colposcopy
with cervical biopsies and if clinically significant precursor
lesions are identified, ablative (cryotherapy) or excisional
procedures such as CKC or LEEP are performed. Although
these screening and diagnosis algorithms are very effective,
they are expensive and require high-level infrastructure and
well-trained personnel. In addition, they require two or
more separate patient visits with communication of test
tesults between visits. These strategies therefore often fail
in lower-resource settings such as underserved areas of
Brazil and other LMICs where there is often a lack of
trained personnel, infrastructure, and pathology services
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(3). Furthermore, geographical distances and cultural bar-
riers result in many women with abnormal screening tests
not receiving the recommended diagnostic and treatment
procedures because they are unable to travel to central
healthcare facilities for the multiple necessary follow-up
visits (8). As a result, many women present with invasive
disease often at an advanced stage when curative treatment
is no longer achievable.

In the current study, HRME was found to have similar
performance characteristics to colposcopy when using
histopathologic diagnosis as the gold standard. On a
per-patient basis, HRME had a sensitivity of 96% and
specificity of 65% while colposcopy had a sensitivity of
94% and specificity of 60%. The analyses by cervical lesion
site showed similar findings. In addition, HRME correctly
identified 95% of the CIN2 lesions, 96% of the CIN3
lesions, and 100% of the invasive cancer lesions. These
results are similar to previous study findings from this
group evaluating the HRME device (12, 13). Pierce and
colleagues (12) reported on 174 women in rural China
who underwent cervical cancer screening with HPV testing,
visual inspection with acetic acid (VIA), colposcopy and
HRME imaging. Of the 69 women noted to have abnor-
malities on colposcopy, only 12 (17%) showed high-grade
disease on biopsy. However, HRME imaging correctly
classified all 12 high-grade areas (100%) as abnormal, and
correctly classified 38 of the remaining 57 (67%) as nor-
mal. Furthermore, when patients were stratified based on a
positive high-risk HPV DNA test, HRME imaging correctly
identified 100% of the patients with CIN2+ (12). A sub-
sequent report by Grant and colleagues (13) evaluated 59
women in Brazil undergoing colposcopy for abnormal
screening Pap test results. In addition to colposcopy, all
participants also underwent HRME imaging. Biopsies were
obtained of abnormal areas and the histopathologic results
were compared with the colposcopy and HRME findings.
HRME was found to have a sensitivity of 92% and spec-
ificity of 77% compared with histopathologic diagnosis.
The HRME device has also been shown to be effective as a
diagnostic tool in both oral cancer and esophageal cancer
screening (16-19).

This study was appropriately powered to detect a 30%
difference in diagnostic completion rate. Because actual
cluster size was smaller than the cluster size used in
sample size calculations, the post-hoc statistical power
was >95% over a very wide range of intracluster corre-
lation coefficients.

When using the HRME, as with any point probe device,
the clinician must choose where to place the probe.
Colposcopy is one method to guide probe placement, but
visual inspection can also be used. In this study, the HRME
probe was placed (i) on colposcopically abnormal sites
(guided by colposcopy) and (ii) on at least one site in each
quadrant even if no colposcopic lesion was present (guided
by visual examination).

www.aacrjournals.org
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The potential role of the HRME in the clinical setting
depends on the other diagnostic resources that are avail-
able. In settings where colposcopy and histopathology are
routinely available, the use of HRME in combination with
colposcopy could potentially help guide the selection of
biopsy sites, reduce the number of biopsies needed for
diagnosis, and enable see-and-treat strategies. In settings
where colposcopy and histopathology are not routinely
available (and treatment decisions are often made on the
basis of methods known to have poor specificity such as
VIA), the use of HRME could potentially help improve
specificity and reduce overtreatment.

One limitation of the HRME in this study was that
images of acceptable quality were unable to be acquired
for a small number of patients and cervical sites. The
automated QC check failed in 6% of cervical sites imaged.
Notably, over half of these QC failures occurred in a single
very hot day early in the study in which the air conditioning
unit within the mobile diagnostic van was not functioning,
causing the HRME camera to overheat over the course of
the day (a problem subsequently avoided simply by ensur-
ing that the device was not left on continuously throughout
the day). Another limitation of HRME is that it is not
designed to sample the endocervix. Of the 45 patients that
were both colposcopy negative and HRME negative, there
were no CIN2+ cervical biopsies. However, 2 of these 45
women did have a positive ECC result (CIN3 in both cases)
and were referred for treatment accordingly. Finally, HRME
imaging requires the use of the fluorescent contrast agent
proflavine. There were no adverse events related to pro-
flavine exposure in this study; long-term follow-up studies
of participants exposed to proflavine are ongoing.

One limitation of the study design is that the cost
effectiveness and patient satisfaction of the mobile diag-
nostic van were not assessed. Additionally, all diagnostic
and treatment procedures were performed by physicians
fully trained as expert colposcopists, which would not be
feasible in this setting outside of a research study.

In summary, our findings show that women referred to
the mobile van equipped with colposcopy and in vivo
microscopy were statistically significantly more likely to
complete their diagnostic follow-up than women referred
to a central hospital without any compromise in clinical
care. In vivo microscopy provides an automated, point-of-
care diagnostic imaging capability that can readily be
implemented in a mobile van, with sensitivity and spec-
ificity similar to colposcopy.

Our results provide important information regarding
the feasibility of this approach. Larger prospective stud-
ies evaluating HPV primary screening followed by HRME
are ongoing in Brazil, El Salvador and in the Rio Grande
Valley along the Texas-Mexico border. These studies will
address some of the above limitations including the
feasibility of performing HRME imaging in a variety of
clinical settings and by nonspecialists including primary
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care physicians, nurse practitioners, midwives, and phy-
sician assistants.

Disclosure of Potential Conflicts of Interest.

R. Richards-Kortum has ownership interest (including patents) in
IP licensed by Remicalm LLC. No potential conflicts of interest were
disclosed by the other authors.

Authors' Contributions

Conception and design: J.H.T.G. Fregnani, P.E. Castle, K. Schmeler,
R. Richards-Kortum

Development of methodology: B. Hunt, J.H.T.G. Fregnani,
R.A. Schwarz, S. Tesoni, K. Schmeler, R. Richards-Kortum
Acquisition of data (provided animals, acquired and managed
patients, provided facilities, etc.): N. Pantano, S. Tesoni, J.C. Possati-
Resende, M. Antoniazzi, B. de Oliveira Fonseca, G. de Macédo
Matsushita, C. Scapulatempo-Neto, L. Kerr

Analysis and interpretation of data (e.g., statistical analysis,
biostatistics, computational analysis): B. Hunt, RA. Schwarz,
P.E. Castle, K. Schmeler, R. Richards-Kortum

Writing, review, and/or revision of the manuscript: B. Hunt, ] H-T.G.
Fregnani, R.A. Schwarz, N. Pantano, J.C. Possati-Resende, C. Scapu-
latempo-Neto, P.E. Castle, K. Schmeler, R. Richards-Kortum

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011;61:69-90.

2. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence
and mortality rates and trends-an update. Cancer Epidemiol
Biomarkers Prev 2016;25:16-27.

3. Sankaranarayanan R. Screening for cancer in low- and middle-
income countries. Ann Glob Health 2014;80:412-7.

4. Brasil. Estimativas 2016-2017: Incidéncia de cancer no Brasil.

5. Silveira CE, Silva TB, Fregnani JH, da Costa Vieira RA, Haikel RL]r,
Syrjanen K, et al. Digital photography in skin cancer screening
by mobile units in remote areas of Brazil. BMC Dermatol
2014;14:19.

6. Mauad EC, Silva TB, Latorre MR, Vieira RA, Haikel RL Jr, Vazquez
VL, et al. Opportunistic screening for skin cancer using a mobile
unit in Brazil. BMC Dermatol 2011;11:12.

7. Mauad EC, Nicolau SM, Gomes UA, da Costa Vieira RA, de Castro
Mattos JS, Longatto-Filho A, et al. Can mobile units improve the
strategies for cervical cancer prevention? Diagn Cytopathol 2010;
38:727-30.

8. Lorenzi AT, Fregnani JH, Possati-Resende JC, Antoniazzi M,
Scapulatempo-Neto C, Syrjanen S, et al. Can the careHPV test
performed in mobile units replace cytology for screening in rural
and remote areas? Cancer Cytopathol 2016;124:581-8.

9. Haikel RL Jr, Mauad EC, Silva TB, Mattos JS, Chala LF, Longatto-
Filho A, et al. Mammography-based screening program: prelim-
inary results from a first 2-year round in a Brazilian region using
mobile and fixed units. BMC Womens Health 2012;12:32.

10. FregnaniJH, Scapulatempo C, Haikel RL Jr, Saccheto T, Campacci
N, Mauad EC, et al. Could alarmingly high rates of negative
diagnoses in remote rural areas be minimized with liquid-based
cytology? Preliminary results from the RODEO Study Team. Acta
Cytol 2013;57:69-74.

11. Faria EF, Carvalhal GF, Vieira RA, Silva TB, Mauad EC, Carvalho
AL. Program for prostate cancer screening using a mobile unit:
results from Brazil. Urology 2010;76:1052-7.

368 Cancer Prev Res; 11(6) June 2018

Administrative, technical, or material support (i.e., reporting or
organizing data, constructing databases): B. Hunt, R.A. Schwarz,
N. Pantano, S. Tesoni

Study supervision: J.H.T.G. Fregnani, R. Richards-Kortum

Acknowledgments

The authors thank all the women who volunteered to participate in
the study as well as the following individuals for their contributions to
the study: Benjamin D. Grant, Ph.D. and Timothy Quang, Ph.D.
(instrumentation); Mark F. Munsell, M.S. (database development and
management); Juana M. Rayo and Jessica R. Gallegos, M.S. (protocol/
data management).

Research reported in this publication was supported by the NCI
of the NIH under Award Numbers UH2CA189910, UH3CA189910,
and CA016672. The content is solely the responsibility of the
authors and does not necessarily represent the official views of the
NIH.

The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be hereby
marked advertisement in accordance with 18 U.S.C. Section 1734
solely to indicate this fact.

Received August 21, 2017; revised December 6, 2017; accepted
March 28, 2018; published first April 4, 2018.

12. Pierce MC, Guan Y, Quinn MK, Zhang X, Zhang WH, Qiao YL,
et al. A pilot study of low-cost, high-resolution microendoscopy
as a tool for identifying women with cervical precancer. Cancer
Prev Res (Phila) 2012;5:1273-9.

13. Grant BD, Fregnani JH, Possati Resende JC, Scapulatempo-Neto
C, Matsushita GM, Mauad EC, et al. High-resolution microendo-
scopy: a point-of-care diagnostic for cervical dysplasia in low-
resource settings. Eur ] Cancer Prev 2017;26:63-70.

14. Muldoon T]J, Pierce MC, Nida DL, Williams MD, Gillenwater A,
Richards-Kortum R. Subcellular-resolution molecular imaging
within living tissue by fiber microendoscopy. Opt Express 2007;
15:16413-23.

15. Pierce M, Yu D, Richards-Kortum R. High-resolution fiber-
optic microendoscopy for in situ cellular imaging. J Vis Exp
2011. doi: 10.3791/2306.

16. QuangT, Schwarz RA, Dawsey SM, Tan MC, Patel K, Yu X, et al. A
tablet-interfaced high-resolution microendoscope with automat-
ed image interpretation for real-time evaluation of esophageal
squamous cell neoplasia. Gastrointest Endosc 2016;84:834-41.

17. Pierce MC, Schwarz RA, Bhattar VS, Mondrik S, Williams MD, Lee
JJ, et al. Accuracy of in vivo multimodal optical imaging for
detection of oral neoplasia. Cancer Prev Res (Phila) 2012;5:
801-9.

18. Protano MA, Xu H, Wang G, Polydorides AD, Dawsey SM, Cui J,
et al. Low-cost high-resolution microendoscopy for the detection
of esophageal squamous cell neoplasia: An International Trial.
Gastroenterology 2015;149:321-9.

19. Shin D, Protano MA, Polydorides AD, Dawsey SM, Pierce MC,
Kim MK, et al. Quantitative analysis of high-resolution micro-
endoscopic images for diagnosis of esophageal squamous cell
carcinoma. Clin Gastroenterol Hepatol 2015;13:272-9.e2.

20. Quinn MK, Bubi TC, Pierce MC, Kayembe MK, Ramogola-
Masire D, Richards-Kortum R. High-resolution microendo-
scopy for the detection of cervical neoplasia in low-resource
settings. PLoS One 2012;7:e44924.

Cancer Prevention Research

Downloaded from cancerpreventionresearch.aacrjournals.org on February 26, 2019. © 2018 American Association for
Cancer Research.



21

22,

23.

24.

Published OnlineFirst April 4, 2018; DOI: 10.1158/1940-6207.CAPR-17-0265

Kurman RJ, Carcangiu ML, Harrington CS, Young RH. WHO
classification of tumours of female reproductive organs. Fourth
Edition. International Agency for Research on Cancer; 2014.
World Health Organization. 2014 Treatment of cervical intrae-
pithelial neoplasia 2-3 and adenocarcinoma in situ: cryotherapy,
large loop excision of the transformation zone, and cold knife
conization. http://apps.who.int/iris/bitstream/10665/104174/
1/9789241506779_eng.pdf.

Donner A, Klar N. Design and analysis of cluster randomization
trials in health research. New York: Oxford University Press;
2000.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)-a metadata-driven

www.aacrjournals.org

25.

26.

27.

28.

Diagnosing Cervical Neoplasia in Rural Brazil

methodology and workflow process for providing translational
research informatics support. ] Biomed Inform 2009;42:377-81.
R Core Team (2015). R: A language and environment for
statistical computing: R Foundation for Statistical Computing.
R Foundation for Statistical Computing, Vienna, Austria. http://
www.R-project.org/.

Stevenson M. CRAN package - epiR: Tools for the Analysis
of Epidemiological Data. 2017. https://cran.r-project.org/web/
packages/epiR/index.html.

Fay MP. Two-sided exact tests and matching confidence intervals
for discrete data. RJ 2010;2:53-8.

Pimple S, Mishra G, Shastri S. Global strategies for cervical cancer
prevention. Curr Opin Obstet Gynecol 2016;28:4-10.

Cancer Prev Res; 11(6) June 2018

Downloaded from cancerpreventionresearch.aacrjournals.org on February 26, 2019. © 2018 American Association for
Cancer Research.

369



Published OnlineFirst April 4, 2018; DOI: 10.1158/1940-6207.CAPR-17-0265

Downloaded from cancerpreventionresearch.aacrjournals.org on February 26, 2019. © 2018 American Association for
Cancer Research.



Published OnlineFirst April 4, 2018; DOI: 10.1158/1940-6207.CAPR-17-0265

AAC American Association
for Cancer Research

Cancer Prevention Research

Diagnosing Cervical Neoplasia in Rural Brazil Using a Mobile Van
Equipped with In Vivo Microscopy: A Cluster-Randomized
Community Trial

Brady Hunt, José Humberto Tavares Guerreiro Fregnani, Richard A. Schwarz, et al.

Cancer Prev Res 2018;11:359-370. Published OnlineFirst April 4, 2018.

Updated version

Access the most recent version of this article at:
doi:10.1158/1940-6207.CAPR-17-0265

Supplementary  Access the most recent supplemental material at:
Material http://cancerpreventionresearch.aacrjournals.org/content/suppl/2018/04/04/1940-6207.CAPR-17-0265.DC
1
Cited articles This article cites 21 articles, 3 of which you can access for free at:

http://cancerpreventionresearch.aacrjournals.org/content/11/6/359.full#ref-list-1

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department aff
pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerpreventionresearch.aacrjournals.org/content/11/6/359.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerpreventionresearch.aacrjournals.org on February 26, 2019. © 2018 American Assaciation for

Cancer Research.



