Review

FLUORESCENCE SPECTROSCOPY FOR
DIAGNOSIS OF SQUAMOUS
INTRAEPITHELIAL LESIONS OF THE
CERVIX

Michele Follen Mitchell, MD, MS,

Scott B. Cantor, PhD, Nirmala Ramanujam, PhD,
Guillermo Tortolero-Luna, MD, PhD, and
Rebecca Richards-Kortum, PhD

Objective: To calculate receiver operating characteristic
(ROCQC) curves for fluorescence spectroscopy in order to
measure its performance in the diagnosis of squamous
intraepithelial lesions (SILs) and to compare these curves
with those for other diagnostic methods: colposcopy, cervi-
cography, speculoscopy, Papanicolaou smear screening, and
human papillomavirus (HPV) testing.

Data Sources: Data from our previous clinical study were
used to calculate ROC curves for fluorescence spectroscopy.
Curves for other techniques were calculated from other
investigators’ reports. To identify these, a MEDLINE search
for articles published from 1966 to 1996 was carried out,
using the search terms “colposcopy,” “cervicoscopy,” “cervi-
cography,” “speculoscopy,” “Papanicolaou smear,” “HPV
testing,” “fluorescence spectroscopy,” and “polar probe” in
conjunction with the terms “diagnosis,” “positive predictive
value,” “negative predictive value,” and “receiver operating
characteristic curve.”

Methods of Study Selection: We found 270 articles, from
which articles were selected if they reported results of
studies involving high-disease-prevalence populations, re-
ported findings of studies in which colposcopically directed
biopsy was the criterion standard, and included sufficient
data for recalculation of the reported sensitivities and spec-
ificities.

Tabulation, Integration, and Results: We calculated ROC

i

From the Department of Gynecologic Oncology and the Section of
General Internal Medicine, Department of Medical Specialties, Univer-
sity of Texas M. D. Anderson Cancer Center, Houston; and the
Department of Electrical and Computer Engineering, University of
Texas at Austin, Austin, Texas.

Supported by the National Science Foundation and the Whitaker
Foundation.

462 0029-7844/99/$20.00
PII S0029-7844(98)00385-8

curves for fluorescence spectroscopy using Bayesian and
neural net algorithms. A meta-analytic approach was used to
calculate ROC curves for the other techniques. Areas under
the curves were calculated. Fluorescence spectroscopy using
the neural net algorithm had the highest area under the ROC
curve, followed by fluorescence spectroscopy using the
Bayesian algorithm, followed by colposcopy, the standard
diagnostic technique. Cervicography, Papanicolaou smear
screening, and HPV testing performed comparably with
each other but not as well as fluorescence spectroscopy and
colposcopy.

Conclusion: Fluorescence spectroscopy performs better
than colposcopy and other techniques in the diagnosis of
SILs. Because it also permits real-time diagnosis and has the
potential of being used by inexperienced health care person-
nel, this technology holds bright promise. (Obstet Gynecol
1999;93:462-70. © 1999 by The American College of Obste-
tricians and Gynecologists.)

Cervical cancer is the second most frequent cancer in
women and the leading cause of cancer mortality in
women worldwide.! The introduction of comprehen-
sive screening and detection programs using the Papa-
nicolaou smear has led to a substantial decrease in the
mortality of cervical cancer over the last 50 years.?
Most patients with abnormal Papanicolaou smears are
evaluated with colposcopy, which is an accurate diag-
nostic method but is expensive and requires consider-
able skill. New strategies that lower costs are needed.

Laser-induced fluorescence spectroscopy, a noninva-
sive real-time technique for evaluating neoplasia, mea-
sures the autofluorescence of tissue based on the
amounts of naturally occurring fluorophores present.*
By modeling measurements of pure fluorophores, Ra-
manujam et al’> demonstrated how fluorophores might
change in concentration in preneoplastic and neoplastic
tissues, accounting for the differences in autofluores-
cence that are seen in each grade of squamous intraepi-
thelial lesions (SILs). With fluorescence spectroscopy,
diagnostic algorithms can be derived that allow reason-
able sensitivity and specificity for the diagnosis of SILs
and work without a priori information about the abnor-
malities of the cervix.®~® The use of this new technology
for the diagnosis of SILs has been reported.® Brookner et
al (personal communication) found sensitivities of 87%
for squamous epithelium, 96% for columnar epithe-
lium, and 78% for the transformation zone. These
sensitivities are comparable to the sensitivity of colpos-
copy performed by an experienced colposcopist.’

New medical technologies can be evaluated using
several measures, including sensitivity, specificity, pos-
itive and negative predictive values, receiver operating
characteristic (ROC) curves, and areas under ROC
curves. The ROC curve has the advantage of comparing
test performance over several thresholds and can be
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Table 1. Performance of Colposcopy for Diagnosis of Squamous Intraepithelial Lesions

Criterion

standard
First author Threshold Pos Neg TP FP FN TN Prev 100-Sp Se Sp
Benedet'* CIN I Bx Bx 434 53 2 60 0.79 0.47 0.99 0.53
Benedet'® CINI Bx Bx 2284 467 131 370 0.74 0.56 0.95 0.44
Cristoforoni'® HPV Bx Bx 127 38 3 20 0.69 0.65 0.97 0.35
Edebiri'” HPV* Bx Bx 113 30 17 62 0.59 0.33 0.87 0.67
Ferris18 CINI Bx Bx 112 69 3 21 0.56 0.76 0.97 0.24
Javaheri'” CINI Bx Bx 680 28 1 194 0.75 0.13 1.00° 0.87
Lozowski®® CIN I Bx Bx 109 27 4 11 0.75 0.71 0.96 0.29
Seshadri’ CINI Bx Bx 61 54 9 28 0.46 0.66 0.87 0.34
Stafl* CINI Bx Bx 493 118 6 42 0.76 0.74 0.99 0.26
Unweighted mean 0.95 0.44
Weighted mean 0.96 0.48

Threshold = threshold for diagnosis of abnormality; Pos = criterion used to indicate positive for disease; Neg = criterion used to indicate
negative for disease; TP = true positive; FP = false positive; FN = false negative; TN = true negative; Prev = prevalence; Sp = specificity; Se =
sensitivity; CIN = cervical intraepithelial neoplasia; Bx = biopsy; HPV = human papillomavirus.

* Called “warty atypia” in this study.
799.8.

used both in diagnostic settings, in which the preva-
lence of disease is high, and in screening settings, in
which the prevalence of disease is low.'™" In this
article, we describe ROC curves for fluorescence spec-
troscopy, which we generated from measurements
made in the diagnostic setting, and compare them with
ROC curves for other diagnostic methods (colposcopy,
Papanicolaou smear screening, cervicography, specu-
loscopy, and HPV testing), which we calculated from
published reports.

Data Sources

To construct ROC curves for fluorescence spectroscopy,
we used data from a clinical trial we described previ-
ously.”® The trial included 95 women referred to the
University of Texas M. D. Anderson Cancer Center
Colposcopy Clinic between 1992 and 1994 because of
abnormal Papanicolaou smear results. Briefly, a re-
search device was used to measure fluorescence spectra
at excitation wavelengths of 337, 380, and 460 nm. On
average, spectra were collected in each patient from two
normal and two abnormal sites, which were identified
by colposcopy. Colposcopically directed biopsies then
were performed of the abnormal sites that had been
measured spectroscopically.

For all other diagnostic techniques, we constructed
ROC curves using data from other investigators” pub-
lished research reports. To identify these, a MEDLINE
search for articles published from 1966 to 1996 was
carried out, using the search terms “Papanicolaou

” “colposcopy,” “cervicoscopy,” “speculoscopy,”

i 7o

smear,
“cervicography,” “HPV testing,” “fluorescence spec-
troscopy,” and “polar probe” in conjunction with the
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key words “diagnosis,” “positive predictive value,”
“negative predictive value,” and “receiver operating
characteristic curve.”

The colposcopy ROC curve has been reported previ-
ously.’

Methods of Study Selection

Two hundred seventy articles were identified in the
MEDLINE search. Studies were selected if the particu-
lar test was used as a diagnostic measure in a high-
disease-prevalence setting, if the criterion standard for
presence of disease was colposcopically directed bi-
opsy, and if enough data were provided for reproduc-
tion of the sensitivity and specificity calculations. All
patients were referred with abnormal Papanicolaou
smears. Articles were excluded if the test was used for
screening (ie, a general group of patients was screened
to find abnormalities and thus the disease prevalence
was expected to be low). The rationale for excluding
articles without clear indications of high disease prev-
alence or with mixed low and high disease prevalence
and for excluding articles that used standards other
than colposcopically directed biopsy for abnormalities
was to facilitate comparison with our fluorescence spec-
troscopy patient population. In the patients in the
selected studies, as in our patients, colposcopically
normal areas were not biopsied.

Sixty-six of the 270 articles identified were excluded
because they were review articles without data for
analysis. There were 86 articles about colposcopy; as
reported previously,” in nine articles,"*** colposcopy
was used for diagnosis and there was sufficient infor-
mation to recalculate sensitivities and specificities (Ta-
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Table 2. Performance of Cervicography for Diagnosis of Squamous Intraepithelial Lesions

Criterion standard

First author Threshold  Pos Neg TP FP FN TN Prev  100-Sp Se Sp
August™ HPV Bx  Bx 206 127 45 208 043 0.38 0.82 0.62
Baldauf** CINI Bx  Colpo negative or bx negative 51 135 11 127 019 0.52 0.82 048
Cecchini®** HPV Bx  Colpo negative or bx negative 133 170 30 232 029 0.42 0.81  0.58
Cecchini®* HPV Bx  Colpo negative or bx negative 133 222 29 170 0.29 0.57 0.82 043
Coibion CIN I Bx  Colpo negative or bx negative 106 34 17 6 075 0.84 0.86 0.16
Ferris®” CIN I Bx  Bx 127 44 40 13 075 0.77 076 0.23
Hall*® CIN I Bx  Bx 28 4 25 14 075 0.24 053 0.76
Jones* CIN I Bx  Bx 47 59 5 90 026 0.40 0.90  0.60
Spitzer™ HPV Bx  Bx 43 13 6 4 074 0.75 0.87 025
Spitzer® HPV Bx  Cerv and colpo negative or bx negative 43 13 6 20  0.60 0.40 0.87  0.60
Stafl®! CIN I Bx  Cerv and colpo negative or bx negative 128 14 3 104 053 0.12 097 0.88
Tawa® CINI Bx  Pap and cerv negative or bx negative 72 301 9 15 020 0.95 0.88  0.05
Unweighted mean 0.83 047
Weighted mean 0.83 047

Colpo = colposcopy; Cerv = cervicography; Pap = Papanicolaou smear; all other abbreviations as in Table 1.

*Data obtained by two different observers are listed separately.

ble 1). There were 35 articles about cervicography, of
which 10**7? had sufficient detail to be used for the
diagnostic analysis (Table 2). There were four articles
about speculoscopy, two>*** of which could be used in
a diagnostic analysis (Table 3). Fifty-nine articles were
reviewed in the meta-analysis of Papanicolaou smear
screening by Fahey et al**; 28 were articles in which the
Papanicolaou smear was used for screening in a low-
disease-prevalence setting, and these articles were ex-
cluded. In 31 articles, Papanicolaou smear screening
was used for diagnosis; 25272036757 were suitable for
this analysis (Table 4). No articles published after the
meta-analysis by Fahey et al*®> were suitable for our
analysis. Twenty papers concerned HPV testing using
ViraPap (Digene Corp., Beltsville, MD), Hybrid Capture
(Digene Corp.) and polymerase chain reaction assays;
because there would have been insufficient data for an
ROC curve if the analysis had been limited to one type
of HPV testing, articles using any of the three tests were
selected. Eleven of the 20 articles®™® were used in a
diagnostic setting and were suitable for analysis (Table
5). One article®® concerned the polar probe; it was

Tabulation and Integration

Preliminary results of the fluorescence spectroscopy
measurements, including sensitivity (the probability
that test results are positive in the presence of disease)
and specificity (the probability that test results are
negative in the absence of disease) for one wavelength
of measurement’ and for three waveleng’chs,6 have been
reported. For this analysis, two statistical methods were
used to classify these data: Bayesian and neural net
algorithms. The Bayesian algorithm involves two steps:
first, reduction of data into their principal components;
second, Bayesian classification, in which prior probabil-
ities are used to compute posterior probabilities. The
neural net algorithm involves a multilayer radial basis
function neural network that takes intensities at 15
excitation/emission wavelength pairs and develops co-
efficients by dividing the data into a training set and a
testing set. The details of the algorithms are reported
elsewhere.®® The results of the algorithms were used to
calculate two ROC curves, using Excel software (Mi-
crosoft Corp., Redmond, WA) following the methodol-

excluded from our analysis because biopsy was not the  ogy outlined by Metz'® and Moses et al.'®> The areas
criterion standard. under the curves were calculated.
Table 3. Performance of Speculoscopy for Diagnosis of Squamous Intraepithelial Lesions

Criterion

Standard
First author Threshold Pos Neg TP FpP FN TN Prev 100-Sp Se Sp
Lonky?? HPV Bx Bx 187 72 40 69 0.62 0.51 0.82 0.49
Massad™ HPV Bx Bx 33 21 10 28 0.47 0.43 0.76 0.57

Abbreviations as in Table 1.
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Table 4. Performance of the Papanicolaou Smear for Diagnosis of Squamous Intraepithelial Lesions

Criterion standard

First author Threshold Pos Neg P FpP FN TN  Prev 100-Sp Se Sp
Anderson® CIN I Cone  Cone 65 10 6 6 082 0.62 092  0.38
Anderson® CIN I Cone  Cone 20 3 15 4 083 0.43 057 057
Andrews® CIN I Bx Bx negative or colpo negative 35 92 20 156 0.18 0.37 0.64 0.63
Byrne® CINI Bx Bx 38 28 17 37 046 0.43 069 057
Giles* CIN I Bx Bx 38 0 29 45 0.60 0.0 057  1.00
Hirschowitz*! CIN II Bx Bx 76 12 11 12 078 0.50 0.87  0.50
Jones® CINI Bx Bx 27 11 28 77 038 0.13 049 087
Jones* CIN I Bx Bx 4 1 54 177 025 0.0 0.0 0.99
Kealy* CIN I Bx Bx 80 25 13 182 031 0.12 086  0.88
Koonings*** CINI Bx Bx 61 20 27 35 062 0.36 069  0.64
Koonings*** CIN I Bx Bx 62 20 16 49 053 0.29 079 071
Kwikkel*® CIN I Bx Bx 284 31 68 68 078 0.32 0.81 0.68
Lozowski* CINI Bx Bx 107 20 8 20 074 0.50 093  0.50
Maggi*® CIN I Bx Bx 40 43 12 47 0.37 0.48 0.77 0.52
Morrison*” CIN I Bx Bx 11 1 1 2 080 0.33 092 067
Oyer*® CINI Bx Bx 223 22 21 72 072 0.23 091 0.77
Pearlstone* CIN I Bx Bx 6 2 12 81 0.18 0.0 033 098
Robertson™ CIN I Bx Bx 348 41 212 103  0.80 0.28 062 072
Shaw®! CINI Bx Bx 12 2 6 0 09 1.00 067 0.0
Skehan CIN I Cone  Cone 43 15 15 14 067 0.52 074 048
Smith® CIN I Bx Bx 71 13 20 18 075 0.42 078 058
Spitzer™ CINI Bx Bx 10 31 5 32 019 0.49 0.67  0.51
Syrjb_,asnen54 CIN I Bx Bx 118 40 44 183 0.42 0.18 0.73 0.82
Tay CIN I Bx Bx 21 15 12 6 061 0.71 064 029
Walker® CINI Bx Bx 140 15 42 17 085 0.47 077 053
Wetrich®” CIN I Bx Bx 954 143 221 289 073 0.33 0.81 0.67
Unweighted mean 070  0.63
Weighted mean 0.75 0.73

Cone = cone biopsy, Colpo = colposcopy; all other abbreviations as in Table 1.

*Data for the cytobrush and cotton brush are listed separately.

For the other diagnostic techniques, data from the
published studies were used for calculation of sensitiv-
ity and specificity. Using methods of meta-analysis"'
and Excel software, we estimated summary ROC curves
from the independent reports of sensitivity and speci-
ficity of each test. Briefly, the logistic transforms of the
true-positive ratio (Se) and the false-positive ratio (1-Sp)
were calculated, a linear regression between the sum
and difference of these transforms was performed, and
the resulting regression line was reverse-transformed to
yield the summary ROC curves. Areas under the ROC
curves were calculated, using the formula described by
Littenberg and Moses.""

There is no standard method for statistical compari-
son of areas under the curves. However, Moses et al"®
devised a method for comparing curves by comparing
the Q point, the point at which sensitivity equals
specificity. As described earlier, for all studies the
criterion standard for a diagnosis positive for abnormal-
ity was a biopsy. Because biopsies were not performed
unless abnormal areas were found, the standard for a
diagnosis of negative or normal varied (negative cervi-
cal biopsy, negative cone biopsy, negative cervico-
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graphic, or negative colposcopic and negative cytologic
findings were used).

The thresholds for classification of tissue as abnormal
varied by study; for some studies, the threshold was
normal tissue versus all abnormalities (atypia, low-
grade SIL, high-grade SIL, and cancer), and for other
studies, it was normal tissue and atypia versus low-
grade SIL, high-grade SIL, and cancer. These variations
are accounted for by the meta-analytic method of Lit-
tenberg and Moses.'!

Results

The ROC curves calculated for fluorescence spectros-
copy are presented in Figure 1. The neural net algo-
rithm outperformed the Bayesian algorithm. Both the
areas under the curve—0.87 for the neural net algo-
rithm and 0.82 for the Bayesian algorithm—and the Q
points—0.80 (standard error [SE] 0.01) for the neural
net algorithm and 0.75 (SE 0.01) for the Bayesian algo-
rith—show this difference.

Tables 1-5 show the true-positive, false-positive,
false-negative, and true-negative rates for the other
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Table 5. Performance of Human Papillomavirus Testing for Diagnosis of Squamous Intraepithelial Lesions

Criterion Standard

First author Test type Threshold ~ Pos Neg TP FP FN TN  Prev  100-Sp Se Sp

Becker™® ViraPap* CIN Bx Cyt and colpo 133 47 67 290 0.37 0.14 0.66  0.86
negative

Becker®® PCR CIN Bx Cyt and colpo 165 131 1 180 036 0.42 094  0.68
negative

Brown™ Hybrid Caputre* LGSIL Bx Bx 15 3 8 8 0.68 0.29 0.65 0.71

Burger® PCR CINI Bx Bx 86 12 37 22 078 0.36 070  0.64

Cox® Hybrid Caputre* CINI Bx Colpo negative or 43 48 7 119 0.23 0.29 086 071
box negative

Cox®? ViraPap* LSGIL Bx Colpo negative or 85 56 52 289 028 0.16 062  0.84
bx negative

Farthing® Hybrid Capture* CINI Bx Bx 40 12 17 26 0.60 0.32 070  0.68

Ferenczy®* Hybrid Capture* LGSIL Bx Bx 123 40 63 138 0.51 0.23 0.66  0.77

Holman®® ViraPap* LGSIL Bx Colpo 27 1 80 133 0.44 0.0 025 099

Kaufman® ViraPap* CIN II Bx Bx 152 283 121 519 0.25 0.35 056  0.65

Nuovo®” ViraPap* SIL Bx Colpo negative or 18 28 8 55 0.24 0.34 0.69  0.66
bx negative

Sigurdsson®®  ViraPap* CINI Bx Bx 54 8 28 10 082 0.45 0.66  0.55

Unweighted 0.66 072

mean
Weighted 0.65 073
mean

Cyt = cytology; Colpo = colposcopy; PCR = polymerase chain reaction; LGSIL = low-grade squamous intraepithelial lesion; SIL = squamous

intraepithelial lesion; all other abbreviations as in Table 1.
* Digene Corp., Beltsville, MD.

diagnostic techniques for each study, and the calculated
prevalences of disease in these populations are pre-
sented. For colposcopy (Table 1), the prevalence of
disease varied from 0.46 to 0.79 and the mean weighted
sensitivity and specificity were 96 and 48%, respec-
tively. For cervicography (Table 2), the prevalence of
disease varied from 0.19 to 0.75 and the mean weighted
sensitivity and specificity were 83 and 47%, respec-
tively. For speculoscopy (Table 3), the prevalences of
disease were 0.47 and 0.62; no mean weighted sensitiv-
ity and specificity were calculated because there were

100 = o
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Figure 1. Receiver operating characteristic (ROC) curves for diagnos-
tic fluorescence spectroscopy as analyzed by the Bayesian and neural
net algorithms. The lines are fitted ROC curves.
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only two studies. For Papanicolaou smear screening
(Table 4), the prevalence of disease varied from 0.18 to
0.90 and the mean weighted sensitivity and specificity
were 75 and 73%, respectively. For HPV testing (Table
5), the prevalence varied from 0.23 to 0.82 and the mean
weighted sensitivity and specificity were 65 and 73%,
respectively. The prevalence of disease varied widely,
despite the fact that all patients were referred for
colposcopy with abnormal Papanicolaou smears.

The ROC curves for diagnostic colposcopy, cervicog-
raphy, speculoscopy, Papanicolaou smear screening,
and HPV testing are shown in Figure 2. The curve for
speculoscopy is based on only two points and therefore
should be considered speculative. The ROC curves for
all techniques are superimposed in Figure 3. The areas
under the curves were 0.84 for diagnostic colposcopy,
0.71 for cervicography, 0.76 for Papanicolaou smear
screening, 0.75 for HPV testing, and 0.72 for speculos-
copy (there were only two points). Fluorescence spec-
troscopy outperformed the other tests but, most impor-
tant, compared favorably with colposcopy, the current
standard diagnostic technique.

The Q points (SE) were 0.77 (0.07) for colposcopy, 0.66
(0.05) for cervicography, 0.70 (0.02) for Papanicolaou
smear screening, 0.69 (0.08) for HPV testing, and 0.67
(0.06) for speculoscopy (Figure 4). By the Q point
calculation, colposcopy was significantly better than
cervicography, Papanicolaou smear screening, and

Obstetrics & Gynecology
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Figure 2. Receiver operating characteristic (ROC) curves for diagnos-
tic colposcopy, cervicography, speculoscopy, Papanicolaou smear
screening (Pap Smear), and human papillomavirus (HPV) testing. Data
points represent mean values for each study listed in Tables 1-5, and
the lines are fitted ROC curves.

HPV testing. There was no statistically significant dif-
ference between colposcopy and speculoscopy, but only
two studies were reported for speculoscopy. Using this
methodology, we could not compare fluorescence spec-
troscopy with the other techniques statistically because
the denominator for calculating the Q point is the
number of studies included in the meta-analysis and the

Sensitivity (%)

—&— Neural Net Fluorescence
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g —e— Bayesian Fluorescence
20 uf — Papanicolaou Smear
—&— HPV Testing
—&— Cervicography

04 1 1 L 1 1 1 L 1 T
] 20 40 60 80 100
100-Specificity (%)

Figure 3. Receiver operating characteristic curves for colposcopy,
cervicography, speculoscopy, Papanicolaou smear screening, human
papillomavirus (HPV) testing, and fluorescence spectroscopy.
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Figure 4. Q points (values at which sensitivity equals specificity) for
the receiver operating characteristic curves. Speculoscopy is not in-
cluded because only two studies were available for analysis. Pap
Smear = Papanicolaou smear testing.

fluorescence spectroscopy curve was generated from
only one study.

Comment

Diagnosis of SILs will continue to be an important part
of the effort to decrease the morbidity and mortality of
cervical cancer. In developing new technologies, de-
creasing cost and streamlining the process for the
patient are important objectives. Techniques that add
value are those that 1) allow us to identify patients at
the highest risk for high-grade SILs, with the possibility
of progression to malignancy, and 2) lead to immediate
diagnosis, so evaluation and treatment can be done in a
single outpatient visit. Avoiding second visits would
lower health care costs and possibly patient anxiety.

For diagnosis, new technologies should be compared
rigorously with colposcopy, the standard technique.
Colposcopy works well when performed by an experi-
enced colposcopist; our mean weighted sensitivity was
96% and our mean weighted specificity 48%. Specificity
is lower at the expense of sensitivity; identifying lesions
as cancer is more important than avoiding overcalling
of lesions. The advantage of high sensitivity is offset
somewhat by the level of expertise needed to perform
colposcopy adequately. Studies of colposcopy that is
performed by less experienced colposcopists are diffi-
cult to find. The studies included in our analysis in-
volved clinicians who were experienced with the tech-
nique. Training in colposcopy requires a high volume of
patients and good interactive correlation with cytolo-
gists and histopathologists, to ensure that what is seen
colposcopically correlates well with the final cytologic
and histopathologic diagnosis. The amount of time
required for training depends on volume and the visu-
al-recognition skills of the student. A second disadvan-
tage of colposcopy is that results are not available until
a week or two after the visit.
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In our analysis, diagnostic Papanicolaou smear
screening, cervicography, and HPV testing appear to
have equal areas under the ROC curve, and these are
slightly lower than the area under the ROC curve for
colposcopy. Data for HPV testing might have indicated
better performance if the analysis had been limited to
one type of testing. Larger published studies in the
literature also may show improved performance as the
HPV-testing technology advances. The potential advan-
tage of diagnostic Papanicolaou smear screening, cervi-
cography, and HPV testing is that they are easy to
perform and can be done by less experienced practitio-
ners. Also, they might add value by helping to identify
who is at higher risk for high-grade lesions. The disad-
vantage is that, as for colposcopy, results are not
available until a week later and thus the patient must
return for follow-up and treatment. At our institution,
cervicography and speculoscopy would be no less ex-
pensive than colposcopy.

Speculoscopy appears to have a lower area under the
ROC curve and thus theoretically adds less value than
do diagnostic Papanicolaou smear screening, cervicog-
raphy, and HPV testing. However, final judgments
about speculoscopy should wait for the appearance of
larger published diagnostic studies of good quality.
Speculoscopy appears to have the disadvantage of
requiring training and experience not unlike that
needed for colposcopy. Because results depend on the
biopsy targeted by speculoscopy, a diagnosis is not
available for a week and the patient must return for
follow-up and treatment. Therefore, at this time, specu-
loscopy has no theoretical advantage over colposcopy.

Our results show that fluorescence spectroscopy,
currently performed with a research device, has a
higher area under the curve than does colposcopy. It
also provides an immediate diagnosis, allowing evalu-
ation and treatment at a single visit. In this study,
fluorescence spectroscopy was used to study areas
identified by colposcopy. The algorithm now developed
works without a priori information concerning what is
normal or abnormal about the cervix and requires only
that a probe be placed on the cervix. Any practitioner
able to perform Papanicolaou smear screening could
one day use fluorescence spectroscopy. Papanicolaou
smears are obtained by nurse practitioners in some
settings, by registered nurses in others, and by nonde-
greed health care workers in developing countries. The
ease of use of fluorescence spectroscopy would permit a
large number of trained personnel to use the device.

Although promising, this algorithm needs to be
tested in the context of a large clinical trial comparing a
prototype device that meets Food and Drug Adminis-
tration standards with colposcopy in experienced
hands. Once good results are confirmed, a large multi-
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center trial with the prototype will need to be per-
formed. Adequate sample size and centralized consen-
sus-derived histopathologic review will be crucial. A
challenge to industry will be to make a prototype of low
cost so that the savings realized by real-time diagnosis
translate into savings in health care dollars.”

In addition, all of these strategies for diagnosis of SILs
need to be subjected to a cost-effectiveness analysis. The
cost of a return visit (medical costs, child-care costs,
costs of time off work, and parking costs) will need to be
considered in this analysis. Methods for measuring
these variables will need to be developed. Although
difficult to quantify, the anxiety of waiting for a diag-
nosis—as well as possible anxiety associated with the
use of new technology—also must be measured.

The potential of emerging diagnostic technologies to
help patients and lower health costs is great. Further
studies are needed, but our results suggest that fluores-
cence spectroscopy may play a key role in SIL diagnosis
in the future.
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