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Abstract

Objective: to provide a prospective evaluation of the sensitivity and specificity of MHS as a new test
for detection of high grade cervical dysplasia. Methods: 203 women previously screened with liquid
based cytology were evaluated with multimodal hyperspectroscopy (MHS), colposcopy and biopsy
samples taken for histopathology. Results: Sensitivity of MHS cervical scan for high grade
intraepithelial neoplasia (CIN) 2+ was 86.6% and Specificity was 57.9%. Conclusions: MHS
cervical scan is a noninvasive modality for detection of high grade cervical neoplasia with good

efficacy.
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Introduction

Cervical cancer is the fourth most common
female cancer worldwide.! Pap smear and
colposcopy are widely-used methods for the
detection of cervical cancer. 80% of all cervical
cancer deaths are reported in developing coun-
tries, where these tests are not routinely
practiced.” This emphasizes the importance of
effective screening and early detection techni-
gues. However, the existing screening techni-
ques have been shown to suffer from high false
results, which could be attributed to the
subjective interpretations and may lead to more
unnecessary referrals &,

One of these approaches is light spectroscopy.!
Spectral imaging appears to be a powerful
approach which is starting to become applied to
medicine ™ after it has been largely exploited in
other areas, such as mineralogy, remote
sensing, drugs screening and food qualify-
cation®®. In fact, spectral imaging appears to be
successful in distinguishing between tumor and
normal tissues!”, and has been used to study
skin lesions.®! and breast cancer ..

While cytology testing relies on morphological
and staining patterns, biospectroscopy records
the spectral information from tissues reflecting
its biochemical composition at molecular levels,
which occur before the changes in morphology
are seen under the light microscope ™.
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Reflectance spectroscopy allows determination
of the scattering and absorption properties of a
turbid medium such as tissue. It indicates the
presence of structural changes within tissue
(cell size, arrangement and organelle density,
Neoangiogenesis).™!

The fluorescence spectroscopy identifies meta-
bolic changes associated with neoplasia. Intrin-
sic fluorophores can absorb light at different
wavelengths and re-emit it, the most common
fluorophores include collagen, elastin, tyrosine,
nicotinamide Adenine Dinucleotide (NADH)
and Flavin Adenine Dinucleotide (FAD).
combining optical imaging techniques, referred
to as multimodal imaging, allows for an impr-
oved diagnostic reliability due to the comple-
mentary nature of retrieved information®.

Multimodal spectroscopy was implemented in a
cost effective new device LuViva® that can be
easily operated by trained medical personnel. It
is supposed to have The advantage of early
detection of cervical neoplasia **.

Aim of the work:

To provide a prospective evaluation of the
performance of MHS for detection of high
grade cervical dysplasia

Methodology
This study included 203 women screened using
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liquid based cytology. a participant considered
eligible for the study if they were 21 years old
or above, and willing to undergo MHS cervical
scan, colposcopy and biopsy. Patients were
excluded if they had any pregnancy, menst-
ruating, prior hysterectomy, congenitally abnor-
mal cervix, or excessive blood or mucus in the
examination filed that cannot be removed.

Each participant had full history and clinical
examination had been undertaken.

Cervical spectroscopy was performed using a
noninvasive device (LuViva, Guided Thera-
peutics, Inc. Norcross, GA, USA). The system
consisted of: base unit (light source, computer
and monitor), handheld unit (optical systems),
and the sight tube, (a hollow tube that is
inserted into the vagina through a speculum).
The device collects and analyses fluorescence
and reflectance spectra from the cervix without
contrast agents. Light from the arc lamp is band
passed, filtered to limit exposure of the cervix
to three distinct color regions at wavelengths of
340nm, 400nm and 460nm, which excites
fluorophores  associated  with  neoplastic
processes.

The resultant spectral output is imaged onto a
charge coupled camera and stored for proce-
ssing and analysis. In addition, the device
contained a separate colposcopy quality ima-
ging channel.

While patient in lithotomy position, speculum
inserted, mucus or blood was removed by
suction. the sight tube attached to the device to
set the distance between the cervix and device
while blocking ambient light. After calibrating
the device, the tube was inserted into the
vagina. This process was viewed on a monitor
screen to ensure proper positioning and focus.
Scan was performed in a 1 minute procedure.
The output results were color coded: - Green
(Low risk): negative, further evaluation is not
necessary - Orange (Moderate risk): other
medical factors should be considered before
further evaluation - Red (High risk): positive,
further evaluation is necessary.

Then, a conventional colposcopy with 5%
acetic acid was performed. endocervical curet-
tage was performed for subjects that had LSIL
or HSIL cytology. Then, biopsy from the
ectocervix from abnormal areas or from the
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quadrants if no obvious abnormality was
observed. Biopsy specimens were sent to
histopathology.

Results

Study included 203 cases with mean age of
42.80+8.5 years and parity of 3.2+1.5. partici-
pants were subjected to MHS cervical scan
based on different indications, 88 case (43.3%)
were referred following result of abnormal
cytology, 22 cases (10.84%) had history of
contact bleeding, 26 cases (12.8%) were
referred due to suspicious cervix, 3 cases were
presented for follow up after LEEP biopsy for
CIN 1, another 2 with mastectomy, one case
known as HIV patient. And 61 cases (30%)
were referred for routine screening. 11 cases
had history of HPV infection, none of the
included cases had history of HPV vaccination.
Cytology was normal in 46.7%, ASCUS was
the most prevalent abnormality found in 22.6%,
followed by ASCUH (8.9%) then LISL and
HSIL (10.8% and 6.4%) and one case with
AGC.

Colposcopy was negative in 60.1% of cases, 24
cases (11.82%) showed signs of chronic infe-
ction while CIN was detected in 32 cases
(15.76%). Unsatisfactory colposcopy in 4 cases
(1.97%), Acetownhite areas and abnormal vasc-
ularity were seen in 15 and 6 cases respectively.

For MHS: 108 cases were low risk (53.2%), 27
cases were with moderate risk (13.3%), and 65
cases were with high risk for cervical neoplasia
(32%).

Test failed in 3 cases (1.48%) due to failed
visualization of the cervix. 2 of them due to
excessive blood, the device reported “poor
contact”, the 3rd case failed due to abnormal
light reflection from the threads of IUCD, the
device reported “excessive light”. although, the
test was performed in many cases with [UCD
with no errors.

Normal histopathology was reported in 45.81%
of cases, benign conditions included: inflam-
matory changes (17.73%), polyps (3.45 %), and
metaplastic changes (11.33%). CIN 1 in 29 case
(14.29%), and CIN2+ in 15 cases (7.39%).
MHS was “high” in 46% of cases with abno-
rmal cytology, while it was ‘low” in 67.9% of
cases with normal cytology.

The role of Multimodal Hyperspectroscopy
for Detection of Cervical Neoplasia



MJIMR, Vol. 31, No. 1, 2020, pages (60- 65).

Table 1: MHS correlated to cytology

MHS Cytology Total
Negative | ASC-US | ASC-H | LSIL | HISIL | AGC

Low 70 17 5 11 4 1 108

Moderate 12 8 2 2 3 0 27

High 19 21 10 9 6 0 65

Failed 2 0 1 0 0 0 3

Total 103 46 18 22 13 1 203

Tawfeek et al.,

MHS reported high risk in 72.72% of abnormal colposcopic findings, it showed low risk in 70.83% of

cases with normal colposcopy.

Table 2: MHS correlated to colposcopy

MHS Colposcopy Total
Normal | Abnormal | Unsatisfactory

Low 102 6 0 108

Moderate 17 8 2 27

High 23 40 2 65

Failed 2 1 0 3

Total 144 55 4 203

MHS was found ‘high’ in 30 cases out of 44 cases of dysplasia (75%). Adding the moderate risk MHS
as a positive screening result, so 39 case were considered as positive out of 44 (88.6%).
In cases with severe dysplasia (CIN2+) MHS was positive in 13 case out of 15 (86.6)

Table 3: MHS correlated to histopathology

MHS Histopathology Total
Benign AGC CIN1 CIN2+
Low 104 1 2 1 108
Moderate | 18 0 6 3 27
High 35 0 20 10 65
Failed 2 0 0 1 3
Total 159 1 28 15 203

Sensitivity of MHS for detection of ‘any’ dysplasia was 88.63%, and it had a specificity of 67.94%,
with PP and NP values of 42.39% and 95.49% respectively

For high grade lesions (CIN 2+) MHS had a 86.66 % Sensitivity, 57.97% specificity, 14.13% PPV
and 98.19% NPV. Excluding the failed cases increased the sensitivity to 92.85%, with 58.6%

specificity, 14.44% PPV, and 99% NPV

Combining cytology and MHS results, the
sensitivity raised to 100% for high grade
lesions.

One case was examined post LEEP biopsy,
reported as high risk with MHS despite being
negative histopathology.

Using the kappa test, cervical spectroscopy
showed 56.3% agreement with liquid-based
cytology, and 74.5% with colposcopy, with
high significance (p=0.001).
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Discussion

This study included 203 women presented to
the outpatient clinic either for primary (routine)
screening or secondary screening or to be
followed after treatment of cervical neoplasia.
We included this category of patients to our
study for research reasons, as colposcopy and
biopsy are parts of our evaluation.

In this study, The Sensitivity of MHS for
detection of any degree of dysplasia was
88.63%, and its specificity was 67.94%. While,
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For high grade lesions MHS cervical scan had a
little lower Sensitivity (86.66 %), but much
lower specificity (57.97%).

Several previous studies examined the perfor-
mance of cervical spectroscopy using histo-
pathology as a gold standard endpoint

The early pre-clinical trials, the largest was
carried on 572 patients, The sensitivity was
95.1% for CIN2+ with a corresponding 55.2%
specificity for benign lesions.™!

A study of 113 women, compared results of
cervical spectroscopy and HPV testing, conclu-
ded that Spectroscopic scanning of the cervix is
equally sensitive (95%), and 2-fold more
specific than HPV testing (66%, 27% respec-
tively). Thus the use of cervical spectroscopy
may reduce the number of false positive HPV
test results.[*”!

The largest phase 3 study was carried on 1850
women either presented for regular screening or
referred for colposcopy, the sensitivity of MHS
was 100% for detection of high grade lesions,
71% specificity. The device performance was
best in the diagnostic rather than screening
population ¢!

A multi-centre study of 1,607 women with
positive cervical screening test; compared the
results of HPV testing, colposcopy and biopsy,
with MHS. The Sensitivity of MHS for CIN2+
was 91.3%, the potential reduction in referrals
to colposcopy and biopsy was 38.9% for
women with benign histology and 30.3% for
women with CIN1M. In a complimentary
study by the same authors, 802 women were
followed up for two years. MHS identified
89.6% of CIN2 + prior to their discovery during
the follow-up period. They concluded that MHS
as a triage would have reduced the need for
further testing.

In our results MHS showed better performance
in low grade lesions than with high grade
lesions, This is in contrast to the results
reported by Twiggs et al who found higher
performance of MHS in higher grade lesions™".
But in our study there was one case of CIN 2
which was missed due to test failure, which
considered as false negative and it affected the
test performance.

Combining cytology and MHS results for
detection of high grade cervical lesions, The
sensitivity raised to 100%. this is in agreement
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with results from the study by Werner et al., **

however, Twiggs et al., combined both test
results and found no increase in the sensitivity
but the specificity increased by 30% in
detection of neoplasia "),

Also, Louwers et al., studied the colposcopic
dynamic spectral imaging in 275 women, they
reported sensitivity of 79% in detection of high
grade lesions, and 77% specificity, while sensi-
tivity of conventional colposcopy was only
55%, combining both test results gave higher
sensitivity 88% but lower specificity 69% ¢!

post launch trials reported variable results. in a
pilot study by Adewole et al., ™ the sensitivity
of MHS was 92.3%. MHS reduced the
percentage of unnecessary colposcopy and
biopsy by 37.5%.

Another report indicated that LuViva performed
with a specificity of 87% in a screening popu-
lation and it had potential as primary screening
tool, especially in areas with no infrastructure
for cervical cancer screening™®. however,
Cantor et al., reported that the device performed
best in diagnostic population.?

In the current work, findings of MHS showed
better agreement with those of colposcopy
(74.5%) than with liquid-based cytology
(56.3%).

In a recent study with similar methodology,
good correlation between spectroscopy and
both cytology and colposcopy was noticed
(79.3% , 47.9% respectively) ™.

In our study, 3 cases were examined for follow
up after LEEP cervical biopsy, one of them had
false positive result by MHS. It was noticed that
this case were scanned no more than 6 month
after the procedure. This may be attributed to
the distorted anatomy in the early post-
operative period.

In the current work one case with AGC by
cytology underwent fractional endometrial
curettage and cervical cone biopsy, histopa-
thology reported CGIN. while it was reported
as low risk by MHS. It buts a question on the
ability of the device to detect endocervical
lesions. However, other reports recorded high
sensitivity for intracervical lesions up to 100%.
As that by Wade et al., they reported that the
emerging light can penetrate and detect the
deep epithelial, supepithelial or endocervical
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lesions in contrast to cytology which only
smears the superficial layers of cells.””

Conclusions

MHS cervical scan had good efficacy in
detection of high grade cervical neoplasia. It
may be used as a triage for women who has low
grade cervical cytology. And it can be used as
screening tool for routine screening.
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