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OBJECTIVE. The purpose of thisclinical trial was to determine the efficacy of adynamic
computerized infrared imaging system for distinguishing between benign and malignant le-
sionsin patients undergoing biopsy on the basis of mammographic findings.

SUBJECTS AND METHODS. A 4-year clinica trial was conducted at five ingtitutions
using infrared imaging of patients for whom breast biopsy had been recommended. The data
from ablinded subject set were obtained in 769 subjects with 875 biopsied lesions resulting in
187 malignant and 688 benign findings. The infrared technique records a series of sequential
images that provides an assessment of the infrared information in a mammaographically iden-
tified area. The suspicious area is localized on the infrared image by the radiologist using
mammograms, and an index of suspicion is determined, yielding a negative or positive resullt.

RESULTS. In the 875 biopsied lesions, the index of suspicion resulted in a 97% sensitiv-
ity, a 14% specificity, a 95% negative predictive value, and a 24% positive predictive value.
Lesions that were assessed as false-negative by infrared analysis were microcalcifications, so
an additional analysis was performed in a subset excluding lesions described only as micro-
cacification. In this restricted subset of 448 subjects with 479 lesions and 110 malignancies,
the index of suspicion resulted in a 99% sensitivity, an 18% specificity, a 99% negative pre-
dictive value, and a 27% positive predictive value. Analysis of infrared imaging performance
in al 875 biopsied lesions revealed that specificity was statistically improved in dense breast
tissue compared with fatty breast tissue.

CONCLUSION. Infrared imaging offers a safe noninvasive procedure that would be valu-

able as an adjunct to mammography in determining whether alesion is benign or malignant.

reest cancer affects one in every
B eight women in the United States

and is ranked second only to lung
cancer in cancer-related deaths among women.
Randomized controlled trids and large-scde
screening programs have shown that periodic
screening leeds to earlier detection and a reduc-
tion in breast cancer mortdity [1-4]. Currently,
s f-examination and regular mammography are
the most effective techniques for detecting breast
cancer, and it is recommended that women be-
gin undergoing regular screening mammogra:
phy during their 40s [5, 6]. Mammography, the
gold standard screening modadlity, revedl's occult
malignant lesonsin asymptomatic women a an
ealier sage and in smdler lesions, generaly
producing a more favorable prognosis than is
possible by salf-examination.

Despite the value of mammography in re-
vedling breast maignancies, most radiographi-
cdly identified lesons are ultimately found to
be benign on histologic assessment after biopsy.

Nationa datistics indicate that between two
thirdsand four fifths of al breest biopseshavea
benign outcome [7-9]. Bresst biopsy costs vary
considerably, with the expenses ranging from
less than a thousand dollars to severd thousand
dollars[10-12]. Thus, noninvasive methods are
needed to aid cliniciansin distinguishing benign
from maignant breast tissue.

Imaging techniques used in conjunction with
mammography and physical examination often
include sonography, CT, and MR imaging. Al-
though promising, CT and MR imaging are
generdly condgdered too costly for routine use.
In addition, MR imaging has not proven to be
efficaciousin young petients, because MR find-
ings may lead to an unacceptably high number
of workups for benign lesions while detecting
few malignancies [13]. Sestamibi scintimam-
mography has aso been used with varying suc-
cess to evauate bresst lesons scheduled for
biopsy: sengtivities have ranged from 55% to
98%, and specificities have ranged from 79% to
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95% [14-16]. Disadvantages of this technique
include the expense, duration of the examina-
tion, and patient exposure to ionizing radiation.
Sonography is more cogt-effective than either
CT or MR imaging but has limitetions [17-20].
Like mammography, sonography relies on the
expertise of the technician and the interpretative
skills of theradiologist.

One promising modadlity for aiding clini-
cians in differentiating malignant from benign
breast lesionsisinfrared imaging. This modal-
ity is noninvasive and detects physiologic tis-
Sue response, rather than evaluating anatomic
features. As hest is released from the body, a
portion is in the form of infrared radiation.
Severd physiologic features related to malig-
nant tissue may contribute to the infrared sg-
nal, including increased blood flow in the area
surrounding a malignancy, angiogenesis, and
the release of vasoactive mediators [21-26].
The infrared imaging system uses a camera
that is highly sengitive to infrared radiation in
the appropriate spectrum. This computerized
system is designed to show that benign tissue
can be differentiated from neoplastic tissue on
the basis of the relatively higher strength of the
infrared signa in malignant tissue.

In this study, we performed infrared imag-
ing using a computerized dynamic imaging
system to capture a series of sequentia images
of the breast over a short time, which included
a period when cool ar was blown over the
breast. The sequentia images were processed
using complex proprietary algorithms that as-
sess the infrared information obtained in an
identified suspicious area.

The data presented here were collected dur-
ing a 4-year clinical tria using infrared imag-
ing of patients for whom breast biopsy was
recommended on the basis of either clinical or
mammographic findings. During the entire
course of the study, more than 2400 subjects
underwent infrared imaging. The subjects
were recruited from five stes that are located
in Los Angeles; in Batimore; in Washington,
DC; near Boston; and in Miami. During the
initia phases of the study, the subjects’ pathol-
ogy results from biopsies were available to de-
velop the agorithms on which the proprietary
analytic software was based.

Subsequent subject data about the biopsy re-
sultswere collected so that neither theinvestiga
tiond sudy sponsor nor the evauating
physcians were aware of the outcome, and
these data were used to test the efficacy of the
infrared imaging system. The results discussed
here arefrom 769 subjects enrolled in this phase
of the clinica investigation. During this phase,
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the evauating mammographers used mammo-
gramsto localize the suspiciouslesion on anin-
frared image but did not have access to the
biopsy outcome. The primary goa wasto deter-
mine the efficacy of dynamic computerized in-
frared imaging in enabling dinicians to
digtinguish benign from malignant lesons. In
addition, various breast and lesion festures, in-
cluding breast density, tumor size, and lesion
gppearance, were evaluated to determine their
potentiad effect on or their correlation to dy-
namic infrared imaging performance.

Subjects and Methods
Subjects

Recruitment of 1293 subjects who underwent
breast biopsy (core or open surgica) for participa
tion in the study was performed at the five investiga-
tional stes. Of these 1293 subjects, 769 subjects
yielded data that could be evaluated. The study pro-
tocol was reviewed and approved by the ingtitutional
review boards at each of the five ingtitutions. Breast
biopsy was performed because of abnorma mam-
mographic findings, clinical findings, or both. Study
exclusion criteriawere breast surgery within the past
year, breast implants, breast reduction surgery, radia-
tion therapy in the breast of interest, pregnancy, his-
tologicaly proven cancer in the breast of intere<t,
and weight of more than 300 1b (135 kg) (i.e, theta-
ble weight limit). The subjects were enrolled after
being provided information about the study and
signing informed consent forms that had been ap-
proved by theingtitutional review board at each site.

The origina study design required the collection
of mammographic data but not of other diagnostic
procedures, such as sonography. Mammograms
were obtained throughout the clinical trial, and aret-
rospective review of the mammography reports re-
vedled that sonography had aso been performed in
approximately 45% of the patients. Thus, the investi-
gators followed standard clinical practice in deter-
mining who underwent biopsy. Specificdly, the
patients whose clinical situation required sonogra-
phy underwent this examination. However, the sono-
graphic data were not specificaly collected and
available for usein conjunction with theinfrared im-
aging analysis.

Subject Selection

Of the 1293 enrolled subjects, 524 subjects were
excluded from the study for the following reasons.
For 229 of the 524 excluded subjects, infrared im-
ages were unacceptable because of data file prob-
lems; insufficient cooling; or poor image quality
caused by excessive patient movement, obstruction
of the image by a gown, or poor patient positioning
during imaging. The quality of the infrared images
was reviewed before the analysis phase of the clini-
ca trial. As site personnel gained experience, thein-
cidence of problems decreased, and infrared images
obtained for a separate recently completed clinical

tria of 125 subjects were unacceptablein fewer than
5% of the subjects. In our study, copies of the mam-
mograms were incomplete or unavailable for 209 of
the 524 subjects. In addition, 15 subjects were ex-
cluded because of other factors including protocol
deviations (n = 9), inadvertent disclosure of pathol-
ogy results (n = 5), and previous mastectomy (n =
1). In al of these cases (n = 453), the exclusion of
the subject was determined by the evaluating radiol-
ogigts before the infrared analyss phase and conse-
quently before revealing the pathology data

As we describe later in this article, each evaluat-
ing radiologist used mammograms to locate the le-
sion on the infrared image using aregion of interest.
In the remaining 71 excluded cases, ether the evalu-
ator could not locdize alesion by aregion of inter-
e, which occurred most often in subjects with
ambiguous or negative mammographic findings for
a palpable mass or in whom the region of interest
that was assessed did not correspond to the breast |o-
cation specified in the case report form by the origi-
nal physician. We determined that the arealocalized
by the region of interest must correspond within a
tightly defined area to the location recorded on the
case report form. A significant excursion would
likely not evaluate the biopsied area. Asillustrated in
arepresentative case, two of the three evauators lo-
calized the lesion in the left breast at the 3-0'clock
position, which was congstent with the case report
form data (Fig. 1). In contrast, the third evaluator
placed the lesion a another location. The exclusions
because of this criterion were also made prospec-
tively, before the disclosure of the biopsy results,
and were thus not influenced by the pathology out-
come. Subjects were excluded in a manner to avoid
bias during the analysis phase.

After excluding subjects who could not be evalu-
ated for the study, 875 biopsied lesionsin 769 sub-
jects were analyzed for the primary end point of
distinguishing benign lesions on the basis of infrared
imaging results.

Patient Subsets

In addition to analyzing the totd set of 875 le-
sions, we analyzed a subset of lesions that excluded
those described as microcalcifications aone. This
restricted subset included 448 subjects with 479 le-
sions, of which 110 were malignant and 369, be-
nign. We also analyzed the maignant masses from
this subset to determine whether the index-of-suspi-
cion value correlated with lesion size.

Data Collection

Subject demographic and study data, including
mammographic information, lesion characteristics,
infrared and pathology data, were recorded by site
personnel on case report forms, all data sources
were verified by an independent clinical research or-
ganization (Quintiles, Rockville, MD). The site per-
sonnel forwarded directly to the study sponsor the
data from the case report forms that did not pertain
to biopsy outcomes or results. The pages of the case
report form that revealed the pathology results were
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collected and maintained separately by Quintilesun-
til al the infrared imaging data were collected and
andyzed by the independent evauators. The evdua-
tors' infrared assessments for al the subjects in-
cluded in the study were recorded and archived in a
secured database before transferring the biopsy re-
sults for data analyses purposes.

Infrared Imaging Procedure

The dynamic computerized infrared imaging sys-
tem (BCS2100; Computerized Therma Imaging,
Ogden, UT) that we used is composed of two inde-
pendent, but interrelated, functions. To perform the
first function, data acquisition, the computerized
system collects a series of infrared breast images
while the cooled air surrounds the breast. To perform
the second function, data analysis, the system ana-
lyzes and interprets the infrared data using algo-
rithms that correlate infrared data about the breast
being examined to infrared patterns that are associ-
ated with either benign or malignant breast tissue.
The end result of both functions is a numeric score
for a given suspicious lesion after the region-of-in-
terest placement.

Infrared imaging deta for each subject in the study
were acquired during a single imaging sesson. The
subject lay prone on the imaging bed during the pro-
cedure with both breests suspended through openings
in thetop of the bed. Each breast wasimaged individ-
udly while the contralateral breast was shielded from
the cooled air by a protective gown. Infrared imaging
began with a brief period of temperature stasis, after
which a stream of cool air was circulated within the
refrigeration chamber around the uncovered sus-
pended breast. Multiple infrared images were ob-
tained in rapid sequence by the infrared camera both
before and during the cooling phase. After the first
breast was imaged, the process was repeated for the
contralateral breast. The entire sesson required ap-
proximately 15 min, with actua imaging time lasting
gpproximately 3 min per breast. The subject’s clinica
course did not change as a result of undergoing this
imaging examination.

Infrared Imaging Assessment

Seven experienced mammographic radiologists
who did not participate in the data acquisition phase
of theclinical trial wererecruited to evduate theinfra-
red images and determine index-of-suspicion values.
Each subject was assigned to three evaluators with a
random assignment method using a balanced incom-
plete block design.

Before beginning each infrared assessment, the
evaluator was provided with the subject’'s mammo-
grams to use for lesion locdization on the infrared
image. Lesions undergoing evaluation were either
directly visible on the mammograms or indicated by
radiopague markers placed on the area of interest.
Evaluators were ingtructed to use the mammograms
to locdize the lesion on the infrared image, which
was displayed as an en face image of both breasts
(Fig. 1). The six-sided mirror infrared images, an ex-
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Fig. 1.—67-year-old woman with 2.5-cm asymmetric density in left breast at 3-o’clock position. Note that regions
of interest were placed at 3-o’clock position by two of three evaluating radiologists.

A and B, Lateral (A) and craniocaudal (B) mammograms show suspicious lesion.

C. Infrared image shows en face view of each breast. On perimeter are six side-mirror images of each breast.
Breast tissue is outlined in red, and regions of interest are outlined in yellow.

ample of which is shown in Figure 1C, could be
used to aid in the orientation process. Evaluators
used gpproximately a dozen cases to practice loca-
izing the region of interest; these training sessions
required less than 2 hr. In addition, evaluators were
provided with the following details about the biop-
sied lesion: papable or not; size; quadrant or clock-
face location; and six descriptors including mass,
Spiculation, irregular borders, microcdcification,
asymmetric density, and architectura distortion.
This information had been recorded at the original
Ste where the patient underwent imaging and was
provided to the evaluator to ensure that the lesion
undergoing infrared assessment corresponded to the

lesion assessed mammographically and to the lesion
biopsied. The evauators had no knowledge of the
pathology outcome for the lesion biopsied.
Evauators identified the location of the leson on
the infrared image using a region of interest. On the
basisof thislocation, theinfrared system assessed are-
gion of interest on the infrared image using a portion
(proprietary informetion) of the breast area surround-
ing the location identified by the evaluator. An index-
of-sugpicion vaue was cdculated from the infrared
value associated with this selected region of interest.
Not every lesion received three vdid interpreta
tions for the following reasons. First, the evaduators
were given the option of not completing an infrared
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Infrared Imaging Results for
TABLE | 875 Biopsied Lesions

Infrared Imaging | No. of Lesions | Pathology

Result Assessed Result
True-positive 432 Malignant
True-negative 260 Benign
False-positive 1544 Benign
False-negative 13 Malignant
Total 2299

Note.—Each lesion of the 875 lesions was provided to
three independent evaluators for assessment; however, some
lesions were not evaluated by all three evaluators for reasons
discussed in the text.

assessment if they could not localize a suspicious le-
sion on the mammograms that corresponded with the
lesion described in the case report form in terms of its
location, type, or both. Second, if an evaluator placed
aregion of interest that was not within thelocation de-
fined on the case report form for that lesion, the infra-
red assessment was not included in the find analysis
of imaging results. Excluded assessments were deter-
mined before disclosing the pathol ogy data

Infrared Imaging Results

The index of suspicion represents the likelihood
that agiven lesion ismalignant and yields anumeric
vauethat ranges from 0 to 100. A higher number in-
dicates a higher suspicion of malignancy. Theindex-
of-suspicion scores were recorded as numeric values
inacontrolled database. A negative or positive result
was assigned to each identified lesion on the basis of
the index-of-suspicion value using a predetermined
threshold. The negative or positive infrared imaging
result was assigned before the pathology findings
were revealed.

The predetermined threshold was based on a
training set of 54 malignant lesionsthat were used to
parametrically model the distribution of index of
suspicion. The goa of assessing the training set of
malignant lesions was to estimate a threshold that
would achieve 99% (138.5/140) senditivity with the
clinical trial data. Sensitivity was used because mini-
mizing the number of false-negatives was consid-
ered essential.

Statistical Analysis

The following statistical performance measures
were calculated: sengitivity, specificity, negative pre-
dictive value, and positive predictive value. Non-
parametric methods based on the binomia
distributions, bootstrap methods, or both were used
to congtruct confidence intervals (Cls). Because le-
sions were evaluated one, two, or three times, a
welghting procedure was used o that the result for a
lesion assessed once was weighted as one, two as-
sessments of a lesion were weighted as one half
each, and three assessments were weighted as one
third each. This weighting procedure ensured that
each lesion was given the same weight in the statisti-
cd anaysis regardless of how many evaluations
were completed.
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Malignant Lesions Assigned a Negative Index of Suspicion on the Basis of
TABLE 2 ;
Infrared Imaging Results

Patient Information Location Infrared Imaging Result
H a
Case | Age Lesion - No. of No. of
No. (yr) Race Breast| Quadrantor Position True-Positives | False-Negatives
1 41 |White A Right |Upper outer quadrant 0 1
2 42  |White A Right |Lower inner quadrant 2 1
B Right |Beneath the areola 0 3
3 4 Black B Right |Upper inner quadrant 1 2
4 42  |White A Left |Upper outer quadrant 0 3
5 51  [White A Right |Lower outer quadrant 0 2
6 43  |Black A Right [9-0’clock position 1 1

Note.—All patients were female. Each lesion was assessed by three independent evaluators.

Lesions were assigned letter designations when a subject had multiple lesions biopsied.

Results

Of the 769 subjects evduaed, 766 were
women and three were men. Theracia compo-
sition of the study group reflected that of the
United States popul ation: white (n = 463), black
(n = 207), Hispanic American (n = 81), Adan
American (n = 13), and others (n = 5). The age
range of the study subjects extended through al
the age categories at risk for breast cancer. Most
of the subjects (n = 433) were between the ages
of 40 and 60 years at the time of infrared imag-
ing. Of the remaining subjects, 68 were younger
than 40 years and 268 subjects were older than
60 years. Of the subjects included in the pri-
mary efficacy group, 90 had more than one le-
sion biopsied; most of these subjects (n = 77)
had two lesions excised. The remaining 13 sub-
jects had more than two lesions biopsied. The
tota number of evaluated lesions equaled 875.
Of these lesions, 187 were malignant and 6838
were benign, so 78.6% of the biopsied lesons
were benign. This finding is in accord with na-
tional stetigtics[7-9)].

The data analysis used the index-of-suspi-
cion threshold to determine whether an index-
of -suspicion result was negetive or positive for
maignancy. The infrared results were estab-
lished before the pathology outcomes were dis-
closed. As shown in Teble 1, the 875 evaluated
lesions resulted in 2299 valid index-of-suspi-
cion determinations by the assigned radiolo-
gists. The infrared imaging—based index of
suspicion yielded a 97% sensitivity (95% Cl,
94-98%) and a negetive predictive vaue of
95% (95% Cl, 91-98%). The specificity was
14% (95% Cl, 12-16%), and the positive pre-
dictive value was 24% (95% Cl, 23-24%). Itis
important to note that al these subjects under-
went biopsy becausethe original site physician
characterized a lesion as suspicious, so the

standard clinical workup resulted in a sengitiv-
ity of 100% and a spexificity of 0%.

The negative predictive vaue of 95% re-
sulted from evauators obtaining 13 negative
infrared results for seven maignant lesions in
six subjects, as shown in Table 2. The interob-
server variability among the seven evaluators
was as follows: the first evaluator had four of
the 13 fase-negative results, the second had
three false-negatives, the third had two false-
negatives, and the remaining four evaluators
had one fal se-negative result each.

Factors that may have contributed to the 13
fase-negative findings are as follows. Evaua
tors may have been confused about the loca-
tion of the mammographicaly identified and
biopsied lesion, which possibly led to localiza:
tion of the wrong lesions on the infrared im-
ages, because three of the Six subjects (cases 1,
2, and 3) had multiple biopsied lesions (lesions
were assigned an alphabetic designation asil-
lustrated in Table 2). One of the 41-year-old
subjects (case 1) had two additiond malignant
lesions biopsied, and both of these lesions
were correctly evaluated as podtive for malig-
nancy by the infrared results. The other 41-
year-old subject (case 3) aso had three areas
biopsied with benign outcomes in lesions A
and C. In addition, the evaluators noted that
three of the six subjects (cases 1, 3, and 6) ap-
peared to have been poorly positioned during
infrared imaging, which aso may have ad-
versely affected the outcomes. Finally and per-
haps of greatest significance, al the missed
lesons were microcalcifications. Pathology
findings revealed that four of the seven lesions
were ductd carcinoma in Situ, whereas two
cases were described as ductal carcinoma in
situ with stage | focal microinvasion. The one
exception was lesion A in case 1, described by
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the physician at the origina dte as an asym-
metric density containing microcalcifications.
The pathology result for this lesion indicated
intraductd and infiltrating poorly differenti-
ated ductal carcinoma. This case was problem-
dic for a variety of reasons. the subject had
multiple lesions, the positioning of the breast
for infrared analysis was poor, and areview of
this case reveded that the region-of-interest
placement was questionable.

Because dl the lesions to which evaluators
assigned false-negative results were microcal-
cifications, we andyzed the subset of lesions
that excluded those described as microcalcifi-
cations alone. This subset consisted of 479 |e-
sions, of which 110 were malignant and 369
benign, in 448 subjects. Table 3 shows the in-
frared results for this restricted subset. Thein-
frared findings had resulted in a sensitivity and
negative predictive value of more than 99%
(95% CI, 96-100%) with 291 true-positive re-
sults and one false-negative result. The fase-
negative result in this subset was for case 1
(Table 2), which we described earlier inthisar-
ticle. Although all three evaluators attempted
to assess this lesion on infrared imaging, two
of the three did not think that the qudity of the
infrared image was acceptable for analysis.
When the same subset was restricted further to
include only the cases for which al three eval-
uators had completed an assessment, the sensi-
tivity and negaive predictive vaue were
100%, the specificity was 19%, and the posi-
tive predictive value was 27%.

Table 4 illudtrates the distribution of pathol-
ogy resultsthat were found in the 110 mdignant
and 369 benign cases. The largest number of
malignant results, comprising 68 cases, was in
the invasive category: ductal carcinoma aone or
ductd carcinoma in combination with other pa-
thology. In the benign category, the most com-
mon findings were fibroadenomaand fibrocystic
disease, which included 226 cases. These find-
ings accounted for gpproximately 60% of the
benign outcomes. Another 24 cases with benign
outcomes were in the high-risk category (i.e,
atypica hyperplasiaor phyllodestumor).

Among the features noted during the clini-
cal trial and evaluation phase were breast com-
position and lesion size. Breast composition
appeared to influence the infrared imaging per-
formance. For all 875 lesions, specificity was
better for subjects with extremely dense breast
tissue than for those with fatty breast tissue
(Fig. 2). Infrared results for lesons in breasts
with a scattered fibroglandular density and in
heterogeneously dense breasts resulted in in-
termediate  specificity values.  Sensitivity,
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Infrared Imaging Results for Pathologic Characteristics of
LY.\:18 30 Subset of Biopsied Lesions LIRS 479 Biopsied Lesions
Excluding Microcalcifications Excluding Microcalcifications
Infrared Imaging | No. of Lesions | Pathology No. of
Result Assessed Result Pathology Result Cases

True-positive 291 Malignant Malignant (n =110 cases)

True-negative m Benign Ductal carcinoma alone 34
False-positive 768 Benign Ductal carcinoma plus other 34
False-negative 1 Malignant pathology
Total 1231 Lobular carcinoma alone 3

- - - Lobular carcinoma plus other 12
the.—Each lesion of the 479 lesions was provided to pathology
three independent evaluators for assessment; however, some . .
lesions were not evaluated by all three evaluators for reasons Other invasive types 8
discussed in the text. Ductal carcinoma in situ 13
Lobular carcinoma in situ 5
which ranged from 94% to 100%, did not ap- Ductal carcinoma in situ and 1
pear to be significantly affected by breast den- lobular carcinoma in situ
sty; the lesons with fase-negative infrared | Benign (n =369 cases)
results described in Teble 2 occurred in breasts Fibroadenoma 124
of scattered fibroglandular density O_I’ tha_were Fibrocystic characteristics 102
haeroqmq)ugy dmga) .The r.dalonShlp of Atypical hyperplasia (ductal or 22
breast density and specificity of infrared results lobular)
became more pronounced when evauating le-

. . . Lymph node "
sonsthat were described only as masses. Inthis Papilloma g
subset, which included 412 masses with 90 ma- Ph”“ . )
lignancies, the sensitivity was 100% and the yilodes tumor
specificity increased from 8% in amost entirely Others i
fetty breast tissue, to 15%in scattered fibroglan- | Total 479

dular tissue, to 20% in heterogeneoudy dense
tissue, and findly to 26% in extremdy dense
breast tissue. In addition, lesion size of mdig-
nant masses correlated well with the index-of-
suspicion infrared value (Fig. 3).

Discussion

More than 1 million breast biopses are per-
formed every year in the United States and ap-
proximately 75-80% yield a benign outcome
[7-9]. The percentage of breast biopsies with a
benign result in this clinical trial (78.6% [688/
875 lesiong]) was consstent with the nationa
datigtic; Smilar percentages were found among
the subsets of lesions analyzed. Mammography
is the well-established gold standard for identi-
fying suspicious lesons on the besis of ana
tomic information. However, as radiologists
assess the various way's to improve detection of
breast cancer and to better distinguish between
benign and malignant suspicious lesions, in-
creasing interest is being focused on the physio-
logic profile of the disease. Other diagnostic
modadlities for breast cancer that rely, at least in
part, on physiologic processesinclude sestamibi
cintimammography, Doppler sonography, gad-
olinium-enhanced MR imaging, and positron
emission tomography.

The computerized infrared imaging system
that we used was developed to assist physi-
ciansin differentiating benign tissue from ma-
lignant tissue by characterizing different
patterns in the infrared signa emitted by the
breast. The infrared imaging system could be
used as an adjunct for further evaluating a
mammographically apparent breast abnormal-
ity when the radiologist has alow-to-moderate
suspicion that a malignancy is present. This
modality is not designed to be a screening tool
for identifying or localizing malignancies or to
delay biopsy of highly suspicious lesions.
Therefore, a high negative predictive value is
essential, whereas the positive predictive value
does not have asgreat aclinical utility.

Although this clinical trial was designed to
evaluate the adjunctive value of infrared im-
aging to mammography, the radiology reports
revealed that sonography was also performed
in a significant number of patients (approxi-
mately 45%). This finding suggests that the
infrared imaging assessment would have ad-
junctive value to standard clinical practice
when both mammography and sonography
are commonly used in the determination of
whether to recommend biopsy.

267



Parisky et al.

25=

20+

15+

104

Specificity (%)

o T T

100.0

75.0

50.0

Index-of-Suspicion Score

Almost entirely Scattered

fat fibroglandular dense

Density

Heterogeneously

Extremely
dense

Lesion Size (cm)

Fig. 2—Graph shows relationship of specificity to breast density. Density of
breast tissue was categorized by evaluating radiologists using mammograms

during infrared image assessment. Of 875 lesions evaluated, 55 were found in
almost entirely fat breast tissue (sensitivity = 100%); 315 lesions, in scattered fi-
broglandular breast tissue (sensitivity = 94%); 395 lesions, in heterogeneously
dense breast tissue (sensitivity = 98%); 110 lesions, in extremely dense breast

tissue (sensitivity = 100%).

Our results suggest that infrared imaging is
most efficacious with lesons that are masses. A
high negative predictive vaue was found when
asessing these lesions (99%). In contrast, when
al thelesons—including those described as mi-
crocacifications—were assessed, the overdl
negetive predictive value was 95%. The mdig-
nancies assgned a negative infrared test result
by at least one evauator included seven lesons
that contained microcacifications. Pathologic
examination reveded that six of the seven were
low-grade ductd carcinoma in situ (n = 4) or
ductd carcinomawith microinvasion (n=2); the
seventh was ducta carcinoma in situ with infil-
trating poorly differentiated ductd carcinoma.

Several physologic factors might explain
why infrared imaging did not perform optimaly
for assessment of ducta carcinoma in situ. A
mdignant leson confined to the basement
membrane may not subgtantidly influence the
physical milieu, whereas amore invasive leson
would. Another factor may be that angiogenesis
isless advanced during the earlier stages of duc-
tal carcinoma in situ when the tumor is il se-
questered in the duct. Additiond dudies are
needed to address these issues. In our study, we
found that most of thelesions containing micro-
cacifications were correctly determined to be
malignant by theinfrared imaging procedure.

Of prime importance in assessing the clinica
utility of anew modality involved in the diagno-
sisof breast cancer istherolethat the technology
might assume in clinical practice. Undergoing
breast biopsy of benign tissues places substantia
physica and psychologic burdens on the patient
without improving patient care. In addition, such
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testing has a grest economic impact on the
hedlth care system [10-12]. Infrared imaging as-
sessment offers a noninvasive, safe procedure
that could be hdlpful in determining whether an
immediate biopsy iswarranted.

As dlinicians acquire experience with infra-
red technology, they may wish to continue to
follow up patients to validate a benign result.
One possible scenario isthat anegative infrared
result for a suspicious lesion could be consid-
ered smilar to a mammographically detected
lesion for which short-interval follow-up is
recommended—that is, a BI-RADS (Breast
Imaging Reporting and Data System [27]) cat-
egory 3 leson. Generdly, short-interval fol-
low-up means reassessing the patient by both
clinicd and radiologic examinations in 3-6
months instead of performing the standard
screening annualy [27-30]. Factors supporting
the vaue of the short-interval follow-up include
lower levels of patient stress, incressed subse-
quent compliance with mammography screen-
ing, and lower overall cost [31, 32]. Theinfrared
imaging technology described here is currently
being reviewed by the United States Food and
Drug Administration, and that agency, as well
asclinical experience, will ultimately dictate the
gppropriate use of this technology.

In summary, infrared imaging holds great
promise in the management of breast lesions
that can be localized on mammography, either
by direct visuaization or with commonly used
markers. Infrared imaging is an economic and
safe modality that provides physiologic data
about alesion. The physiologic view provided
by infrared imaging complements the anatomic

Fig. 3—Scatterplot shows relationship of lesion size to infrared signal in malignant masses.
Note that as lesion size increases, infrared index-of-suspicion score also increases.

view provided by mammography with a very
high sengitivity and negative predictive vduein
masses. Thus, this dynamic computerized in-
frared imaging system could be a valuable ad-
dition to the physicians armamentarium of
diagnogtic tools.
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