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Abstract:

To determine whether any difference existed in accuracy between mammography and stress
thermography in the detection of breast cancer in symptomatic women was the purpose of this study.
Therefore, a retrospective review was conducted of 780 records of women who had the stress
thermography procedure. This review yielded 72 women with biopsy confirmation of their breast
disease. Twenty-four of the subjects had breast malignancies while 48 had benign breast disease.

The mammography procedure performed on 54 subjects yielded 75% sensitivity and 87% specificity to
breast cancer with an overall accuracy of 85%. Mammography, tended to be less accurate in detecting
cancer in young women. The stress thermography procedure performed on 66 subjects produced a
sensitivity of 88%, a specificity of 52% to breast cancer, and an overall accuracy of 65%.

In the subjects with cancer, three out of 24 were negative with the stress thermography while four of 16
were negative with mammography. One cancer was missed by both procedures; the combined
procedure specificity was 94%. In the subjects with benign breast disease, five had positive
mammograms while 20 had positive stress thermograms. Two subjects were false-positive with both
procedures.

The results suggested that neither stress thermography nor mammography discriminated sufficiently to
replace biopsy as a diagnostic modality in a disease of so serious a nature with such consequences as
breast cancer. Given the retrospective nature of the data, the small sample size, and the current lack of
follow-up data on each subject, these results were to be interpreted cautiously.
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ABSTRACT

To determine whether any difference existed in accuracy between
mammography and stress thermography in the detection of breast cancer
in symptomatic women was the purpose. of this study. Therefore, a
retrospective review was conducted of 780 records of women who had
the stress thermography procedure. This review yielded 72 women with
biopsy confirmation of their breast disease. Twenty—four of the sub-
jects had breast malignancies while 48 had benign breast disease.

The mammography procedure performed on 54 subjects yielded 757
sensitivity and 877 specificity to breast cancer with an overall
accuracy of 857. Mammography. tended to be less accurate in detecting
cancer in young women.  The stress thermography procedure performed on
66 subjects produced a sensitivity of 88%, a specificity of 52% to
breast cancer, and an overall accuracy of 65%.

In the subjects with cancer, three out of 24 were negative
with the stress thermography while four of 16 were negative with
mammography. One cancer was missed by both procedures; the combined
procedure specificity was 94Z. In the subjects with benign breast
disease, five had positive mammograms while 20 had positive stress
thermograms. Two subjects were false-positive with both procedures. -

The results suggested that neither stress thermography nor
mammography discriminated sufficiently to replace biopsy as a
diagnostic modality in'a disease of so serious a nature with such
consequences as breast cancer. Given the retrospective nature of the
data, the small sample size, and the current lack of follow-up data
on each subject, these results were to be interpreted cautiously.




Chapter 1

INTRODUCTION , M

Breast cancer is among the most dreaded of diseases. Not only
is it the major causé of cancer death for women, but the crude inci-
dence rate of cancer of fhe breast far exceeds that for any other type
found in either sex (Cooperman & Esselstyn, 1978; Feig, 1979). In the
United States, cancer of fhe breast is the most frequent malignancy in
females with 100,700 ﬁew cases and 35,000 deaths annually. Aﬁong
women who are between 25 and 74 years of age, breast cancer is the
leading cause of death from cancer; and in women between 40 and 44
years of age it is the leading cause of all deaths (Graphic Stress
Telethermometry System, 1980; Maharrj; 1980). Statistics in 1980
indicate that one out of evefy 1l women, or about 9%, will develop
breas; cancer in.her,lifetime (Townsend, 19805.

6ver 90% of breast cancer is detected initiai%y by the woman

.herself (Breast Cancer Digest, 1980; Cooperman & Esselstyn, 1978). A

1argé portioﬁ of these women are subjected to further diagnostic
exaﬁinations before biopsy or mastectomy. Current available methods
for aiding in diagnosis are physical examination of fhe breast, mam-
mography,‘infrared thermography, and, more recently, stress telether-
mography. None of these methods, including breast bigpsy, are 100%
accurate given the nature of the disease.

The use of mammography as a diagnostic technique in evaluating
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patients with signs and symptoms of breast disease is well established.
At present, mammography is believed to be of benefit in women over the

age of 50; but its value in young women is controversial (Azzopardi,

1979; Breast Cancer Digest, 1980; Shapiro, 1977). Mammography is able
to detect _nonpalpéble cancers less than 1 cm. :i._n diameter including
about 17% of the clinically occult cancers, but this is primarily
restricted to post-menopausal women rather than premenopausal women
with denser, more glandﬁlar breasts (Cooﬁerman & Esselstyn, 1978;
Dodd, 1977; Hicks, Davis, Layton, &'Present, 1979; Shapiro, 1977).
Fewer occult carcinomas aré detecfed_in young age groups (Azzopardi,
1979). A.question of radiation hézard_to the breast during mam-
mog;aphy also exists. Although no direct evidence is available that
the low dose of fadiation currently uged in mammograﬁhy incrgases the
incidénce of breast cancer (Mbskowité;'Gartside, Gardilla, de Groot,

& Guenther, 197f)j%curfent concerns are based on_gXtrapolation from
data on the carcinogenic effects of high doses of radiation. These
doée—response ;elationships are derived from studies which show an
increased.incidence of breast carcinoma in’ women who received
repeated chest fluoroscopies in tuberculosis clinics, those treated by
~ radiation for post-partum mastitis and other non—neopiéstié conditions
of the breast, and’from atomic bomb_survival data (Aézopérdi, 1979;
Cooperman & Esselstyn, 1978; Dodd, 1977; Feig, 1979; Stark & Way,

1974; Townsend, 1980). The question of radiation hazard ;onthe breast
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during mammography is an emotive one and currently the topic of much
discussion. The radiation dose required to obtain a good image is
greater in younger Woﬁen than in women over 50, and the sensitivity of
the breasts of younger women to radiation may be greatér. Since the
effects of radiation are cumulative over the years, current guidelines
recommend thatiﬁammograbhy be used.only in patients under 50 years of

age who are symptomatic or at high risk of cancer (Breast Cancer

Digest, 1980; Coopermaﬁ & Esseistyn, 1978; Seidman, 1977; Townsend,
1980).

Thermography of the breast is a newer procedure’ than mam-
mography and must be developed further before its full potential can
be realize&. Thermography cannot be considered én adequate prescreen-—
ing technique to 6byiate further diagnostic procedures as WAS‘once
anticipated. Although quantification of thermographic imageé has
been performed, the interpretation dgpends on subjectiﬁe analysis of
an image and is only as accurate as the degree of expertise of the
e#aminer. Thermographic diagnosis of malignancy‘haé been based on
venous pattefn and regional temperature variations. Although the
constancy and symmetry of the thermal ﬁatte;n of the breasts has been
found to be unchanging over several years (Isard, 1980a, 1980b), it is
easily affécted by biologicglly active, but benign, processes such'as
fibroadenomas, mastitis, medications, stage in ovulatory cycle, and

pregnanc¢y. The thermogram also is influenced by the growth .rate of a
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tumor. Early cancer-and rapid-growing cancers may give rise to
strong hyperthermias, whereas advanced carcinomas or small carcinomas
with unfavorable heat trénsfer conditions from the tumor to the skin
do not give rise to thermographic abnormalities (Gautherie, 1980)., As
a result, conventional thermography has a{false-positive rate of 20-
25% and a false—negative rate of 20-30% (Jurist & Myers, 1980). Ther;
mography hgs fallen into disfavor with the Breast Cancer Detection
Demonstration Projects, and the current recommendation for its use is
in conjunction with physical examination and mammog:éphy to reinfbrce
diagnosis.(Dodd, 1977), as a prOgﬁostic indicator (women with cancer
who have normal thermograms have higher survival rates than those with
abnormal thermograms), and as an interim screening tpol in young
women. Even thoﬁgh therﬁography is an enfirely safe, noninvasive
method, ité current limitations. preclude its,use as aﬁ isolated diag-
nostic téchnique.

Streés thermography, or Graphic Stress Telethermometry (GST),
is a variant of thermography which has been under investigation since
1975; but few published studies of this. technique are gVailable. No
published long-term studies of this procedure and no repetitive
studies of the test to determine whether changes in the scores indi;r'

cate changes in breast patholqu exist. Stress thermography is based
on two principles. First, increased thermal emission occurs when

blood vessels are located near the body surface and’ when certain
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organs have a'significant vaséularity néar the body surface. It also
occﬁrs over areas of high metabolic activity such as'is found with
malignant tumors, infection, or iﬁjury Which:exceeds that of the sur-
rounding normal tissue. Second, temperature measurements aftér a gen-
eralized vasoconstricti%e (icé water) stress show that abnormal areas, -
such as in cancer, do not exhibit the same reduction in temperature
from vasoconstriction as do normal areas. This observation presumably
is é result of the Vesseis in the tumor not constricting to the same
degree as those in norﬁél tissue in response to the same vasocon-
striction stimulus (Snydér, Watson, & Cruz, 1979). The use of the
ice-water stress is thogght to increase diagnostic senéitivity and
specificity. bLSnyder et al. (1979) report 37% false-positives and 7%
false~-negatives, énd Jurist and Myers (1980) report a false-positive
rate of 28% and a false-negative rate of 10%..

To noté that several factors can affect results such as .the
ambient room temperature, relaxatibn of the patient? as well as those
variables mentioned under thermography, is important. One researcher
even reports that a full bladder can alter the readings‘(quder et al.,
1979). Hopefully, however, the physiqlogical contrast between pre-
ana postrvasoconstriqtiye stress as well as the objective evaluation
' offére& by computer analysis will more than offset these probleﬁs.

'Ihé continued evaluation of stress thermography as a diagnostic

procedure in breast cancer is essential since it is noninvasive, does
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not use ionizing radiation, and "offers the advantages of an ijective‘
thermography reading and the ﬁotential discriminatory factor of -insen-
sitivity of tumor vessels to normal thermo-regulatory mechanisms"
(Snyder et al., 1979, p. 201). The p?obiem centers around the fact
. that no curreﬁt diagnostic test exists that is 100% reliable in indi-

cating either '"cancer" or "no cancer."

Review of the Literature

Normal human breasts are composed of threg types of body tissue:
connective, epithelial, and fat. Arranged within each breast are 15-
20 lobes or segments which converge on the nipplé in a radial fashion.
These lobes are subdivided into lobules and end in milk-producing
bulbs called acini (ductals). The lobes, lobules, and acini are cén—
nected to the nipple by a complex network of ducts that enlarge as
they enter the nipple. These enlargements are called the lactiferous
sinuses.. Though no externally visible or palpable anatomicai separa-
tion of the segments exists, their ductal and lobular systems are

distinct (Azzopardi, 1979§ Breast Cancer Digest, 1980).

The lobules are composed of dense glandular tissue and are held
together by,connectiﬁe tissues, blood vessels, and by the lactiferous
ductules which unite to form the main duct. The lobes are covered and -
loosely connected by fibrous tissue, but the intervals betweeﬁ lobes

are occupied by fatty'tiésue. A subcutaneous layer of fatty tissue
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envelops the breaéf except under the nipple and areola (Merrill,
1975). Figure 1 shows the anatomical parts of the breast.‘
| Breast cancer begins with neoplastic proliferation of cells in
- the mammary ducts.

Breast cancer is a disease of the mammary epithelium. The
entirety of the:mammary system is embryologically derived from
ectodermal down growths into the mammary fat pad, thus the ducts
and their terminal expamnsions are . . . epithelial surface
(Gallagher, 1980, p. .905). :

Carcinoma may affect any part of the ductal system, but evi-
dence shows that the smaller ducts are more often involved than the
1érger ducts. Lobules also may be affectéd by either carcinoma or
epitheliosis, but more commonly by carcinoma (Azzopardi, 1979).
Figure 2, page 9, illustrates the sites affected by breast diséase;

Cancers are classified by £he‘specific tissue from wﬂich they
originate. Most breast cancers arise in the glandular tissue and are
called adenocarcinomas; adeno refers to glandular tissue; carcinomas
arise from epithelial tissue. Thé earliest. recognizable breast can-
cers are noninvasive intraductal carcinoma and 1obﬁ1ar carcinoma in
situ. Once neoplastic transformatipn is established, growth proceeds
Qithin the epithelium of origin. As the neoplastic cells proliferate
-in the lumen of the ducts, they tend to break through the basement
membrane and invade periductal ;isspes where they incite a prolifer-
ation reaction (ﬁrenﬁén, 1973). To this.point the evolution of

breast carcinoma is a fairly uniform process. Little is known about
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thevtime required for the progression of breast carcinoma from épi~-
thelial inception to'mass formation; but, in most éases, several
years are involved. |

As the neoplasm grows and begins to become invasive, diversity
begins to appear. Rapidly dividing, highly anaplastic. cells are
scattered in small groups and rows, and form multinodular masses by
coalescence. These ﬁndifferentiated cells spread into and along
periductal lymphatics, véins, nerves, and tissue plaqes. Metastasis
to the 1ymphatics may be abundant even Whén the primary lesion is
very small. Less active cells,oozelthrough duct walls into fibrotic
periductal tissue and produce stellate masses.: The gross texture of
the breast may be modified by metaplgsia; accumulation of cell prod-
ucts, or reticulqendotheiial'cell proliferation related to hoét
response.:' |

As the cancer invades the breast parenchyma, it may exteﬁd
toﬁard the areola and also along the deep lymphatics to the thoracic
wall. The fibrosis accompanying cancerous invasion induces contrac~
tures along the fascial structures and planes of the breast. 1In
advanced cancers, these fix the neoplasm to the skin and chest wall,
retract the nipple, and produce skin dimpling. Lymphatic permeation -
causes restriction of lymph flow and skin edema. This condition often.
is associate& with suberficial vaéodilatatioh which results in heat.

and redﬁess-over the lesion (Brennan, 1973; Gallagher, 1980).
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The continﬁed growth of the tumor cells stimulates angiogenesis
from the vaécular network of the host tissue. This condition reéulté
in local proliferation éf blood vessels and permits the "feeding" of
the growing tumor cell maéé‘(Guillino, 1980; Issélbacher, Adams,
Braunwald, Petersdorf, & Wilson,‘1980). The tumdr cell mass is meta=-
bolically active;-consequently, local changes in temperature are
caused by metabolic heatiproduction and reduction in pH by release of
acid catabolites (Gautherie, 1980). Blood whigh leaves the metaboli-~
cally active meoplasm is warmer than Fhat from normal breast tissue
(Brennan, 1973). Further tumorx deyelopment is diverse. One type of
breast'cancer fills the larger mammary ducts with solid cords of
tumor cells. Other types may grow.in é circumscribed rather than a
stellate form or as a globulaf, well-delineated mass.

A single mutant tumor cell repeateély divides, as do its
descendants, thersby establishing a‘cqloﬁy. After a certain number of
divisions, or doubiings, the neoplasm attains such a size that it is
discovere&, 6ne centimeter is stated generally to be the smallest
diameter at which tumors are detected clinically (Cooperman & Essel-
styn, 1978).- This measurement foughly equals one billion cells or 30

doubling passages (Breast Cancer Digest, 1980; Kirch and Klein, 1978;

Townsend, 1980), Estimations reveal that the average doubling time of
breast cancer is four months; however, doubling times measured by

mammography showed these times to range from 23-209 days. Tumor cells
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could have been éresent for 2-17 years before discovery (Baum, 1976;

Breast Cancer Digest, 1980; Cooperman & Esselstyn, 1978; Gullino,
1977; Hutter, 1976; Kirch & Klein, 1978).
Breast tissue is a tissue that is far from static.

Under the influence of a number of stimuli (and particularly
the endocrine system), it grows rapidly around the time of
menarche, fluctates with the menstrual cycle throughout reproduc-—
tive life, undergoes physiologic hyperplasia and regression during
pregnancy, lactation and the puerperium, and atrophies gradually
after menopause. In such an active cell population opportunities
for the genetic mutation that produces cells capable of neo-
plastic proliferation must be abundant (Gallagher, 1980,

p- 905).

This concept leads to the belief that the initial event in the devel-

opment of breast cancer often may take place premenopausally, even

.though clinical manifestation is long delayed. Such an idea is sup-

ported by'stu&ieé-of growth rates of human mammar& carcinomas and by
epidemiologic data that have Showﬁ an increaée in iqcidence in women
under 50, an incréase»that has paralleled the‘inténsifiCation'of

detection efforts, and the increasing sénsitivity of detection tech-

niqueé (Copeland, 1978; Galiagher, 1980).

Mammography and Thermography

Most prominent among the ancillary methods of examining the
breast for cancer are mammography and -thermography. In contrast to

physical examination of the breast, they have the important attribute
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of transforming physical data directly into a permanent image that
can serve as a basis for serial comparison. Mammography depends upon
differential radiographic density of tissues for image contrast.
Pathologic conditions whiéh lack this feature remain undetected. The
detection of ébnormal temperature is the basis of thermography. Condi-
tions Qith an undistinguished metabolic rate or those that fail to
trangfer surplus heat to ‘the sufface of the breast remain thermographi-
cally obscure. While both modalities have“demonstrated the capacity
to detect abnormélities that include neoplasia; neither technique is
specific for cancer. ‘

Mammography and thermography do not have equgl status at pre-
sent. The vast experience with mammography has established fhis
detection method as a useful addition to clinical practice. Thermo-
graphy is still.iﬁ evolutional stages as a clinical toolland.should‘be
considered as largely investigatioﬁal (Blackwell & Farrell, 1979). 1In
the following sections tﬁe merits and the liabilities of ﬁammography
and thermography are discussed along with the addition of stress
thermography which is a modification of traditional thermography that

is still in investigational stages.

Mammography

Mammography'is a process of eraying the breast. All mammo-

gréphic examinations are performed with an x-ray machine which gives
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views of the breast as either a negative image on film or as a posi~
tive image on papér. The techﬁique utilizes 10Whenefgy x-rays that
. enhance soft tissue detail due to the differential radiation absorp-
tion by fat and fibroglandular tissue. ‘Generally, two views of each
breast are obtained: one craniocaudal view and one mediolateral view.
When é lesion is seen, it can be localized to a specific quadraﬁt of
_the breast. The images must be of excellent quality to allow for
sﬁbtle diagnostib_signs to be visualized. The entire breast must be
seen-from the nipple to the chest wall and from the axilla to the
inframaﬁmary crease. |

"The radiodensity of the breast varies according to the amount
of fibroglandulér tissue and fat. The contrast required for tissue
differentialization depends upon the amount of fatty (radioparent)
tissue occupying the interlobular spaces” (Merrill, 1975, p. 822).
The nulliparous and the premenopausal breasts are more,glandulgr and
radiopaque than are the parous, menopausal, and postmenopausal
breasts. .The young breast is composed largely of connective tissue
and only a small amount of fat. Because of this éondi;ion, it casts a
homogenous radiographic shadow with little or no tissue differenti-
ation. To project the young breast on film is difficult because of
the sc;nt fatty tissue an@‘firm tone of.the suspensory ligaments
which hold the breast close to the chest wall. Breasts become

atrophic with aging. The dense glandular tissue is replaced with




15

enough fatty infiltration to afford intrastructural detail. After
menopause, the gyandular elements of breast>tissue atrophy and sus-
pensory ligament tone deteriorates, and the breast becomes pendulous.
This aids in complete visualization of breast tissue. Abnormalities
are more likely to be evident in the partially or dompletely,atrophic
breast and may be iesé evident or even eniirely obscured in the more
radiodense breast. Mammography is,of'liftle, if any, value in
screening ésymptdmatiq young adult. It is more reiiaBle'and useful
in women over 35 years of age (Blackwell & Farre;l, 1979; Merrill,
1975). | ’

Mammography may demonstraté many clinically occult cancers at a
potentially curable stage (Dodd, 1977), but it does have certain
limitations. Not all cancers, including some clinically obvious
lesions, may be seen With'mammography. They may be missed because of:

> 1.. Poor x-ray technique
2. Not being included on the film because they are too close
fo the chest wall or in the axillary tail of the bfeast

3. Being oﬁscured by dense overlying breast tissue

4. Being misinterpreted or simply notirecognized

There are two types of abnormalities that are used to differ-
entiate breast tissue; these are primary aﬁd seéqqdary. The primary

abnormalities that assist in the differential diagnosis of lesions
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are:

1. maéSes

2. calcifications

3. distorted architecture

4. abnormal or dilated ducts (Blackwell & Farrell, 1979;

Snyder et al., 1979; Wolfe, 1977a, 1977b)

Benign masses such as cysts or fibroadéenomas are round or
slightly oval-shaped with smooth.well—défined margins. Malignant
masses are classically irregular, knobby, or stgllate in shape and
have spiculatéa or ill-defined margins. The spiculated border is
characteristic of malignant. tumors (Azzopardi, 1979; Blackwell & Far-—
rell, 1979). Occasionally, a carcinoma may stimulate a benign density
which makes iﬁpoftant the comparison of the image of one breast with
the opposité breést; 'Any asymﬁetry or nonspecific density seen in
one bréast'that is not seen in a similar location in the opposite is
suspicious. |

Although calcifications are radiographically presént in some
Benigﬁ breast diseases, a specific. pattern of calcification that can
be diagﬁosed as being in malighant tumor with a high degree of confi-
dence is possible. This calcification pattern is characterized by
the presence of multiple punctate calcifications resembling_fine
.g;ains.of sand and generally clustered in a region of thg breast even

without the existence of a palpable tumor. Any group of five or more




17
of these calcifications should be rggarded as suspicious of malig-
nancy. Punctéte calcifications are an important sign of malignancy
and are tﬁe most frequent indicator of clinically occult carcinomas
(Azzopardi, 1979; Blackwell & Farrell; 1979;\Leborgne, 1951; Snyder,
1980; Wolfe, 1977b).

Architectural chapges typically form small "star-burst,"
"puckered," or "pinwheel" patterns, or may appear like a "purse
string" has been pulled retracting the breast tissue toward a small
focus; This radiographic change can occur before a mass is seen
(Blackwell & Farrell, 1979; Wolfe, 1977a).

Normally individual ducts are not demonstrated bylmammography,
Suspicion of malignancy is aroused by a single duct or a segment of
breast with prominent linear duct-like structures. Ductal dilatation
may occur in some benigﬁ breast‘disegse, but ducts that become packed
with carcinoma also may become prominent; therefore, masses asso-
ciated with a promihent duét pattern are more suspect (Azzopardi,
1979; Blackwell & Farrell, 1979; Wolfe, 1977a).

| The seéondary signs of breast cancer are nonspecific alone, but
when found in conjunction with one or more primary signs, give moré
clues in the differeqtial diagnosis of cancer.’%The secondary signs
are increased vascularity, skin thickening, nipple retraction, and
enlarged axillary nodes. Increased vascularity is not coﬁsidered as a

specific sigﬁ when'differentiéting benign from malignant disease.
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When focal and generalized increases in venous diameter of 50% or mére
relative to comparable veins in the opposite breast are preéent, the
possibility of cancer is considered. Skin tﬁickening.may or may not
include.skin retraction and is usually a late sign. Skin thickening
over an area of density or distortion would be considered as a pre-
sumptive sign of carcinoma. ‘Nipple retraction may result from benign
disease or malignant disease, and when present in the subareolar
region, is screened for cause. Large axillary nodes are important
only if the nodes are greater than 2.5 cm. in diameter, numerous, and
homoéenous in density. Most other types of no&es observed on the
mammogram are normal and not significant (Azzopardi, 1979; Blackwell’
& Farrell, 1979; Wolfe, 1977a).

Mammography of the symbtomatiq‘woman is indicateq because of
the varied expertise.of‘physicians.in physical examination of the
breast and the desire to detect small lesions. As a screening téol,
mammography can detect nonpalpable cancers less than 1 cm. in diameter
while they are still iocalized and potentially curable (Cooperman &
Esselstyn, 1978; Dodd, 1977; Hicks et al., 1979).

The repérted accuracy of mammography ranges from 66-98%
(see.Taﬁle 18-3, Azzopardi, 1979, p. 443, for complete data; Lapay-

. owker, Salen, Ziskin, & Rosemond, 1973). The accuracy that can bel
achieved depends on the method of selection of the population that is

examined, the procedure used, and the experience and expertise of the
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interpreter. To obtain a reasonable balance Betﬁeen the pefcentages
of false—negative and false-positive reports is important in order to
avoid subjecting large numbers of deen to unnecessary biopsies and
~ to avoid delaying nee&ed treatment in a patient with breast cancer.

The mamﬁographic results from the Breast Cancer Detection
Demonstration Projects (BCDD?):report cancer detection rates of 1;6
and 19.3 per 1000 women (see Table 18-3, Azzopardi, 1979, p. 454, for
cbmp;ete data) and an overall accuracy of 93%, a faise—negative rate
of 12.87% and a false-positive ?ate of 14.9% (Azzopardi, 1979; Dodd,
1977), although some studies report false-negative rates of 21% to-
27% (Maharry, 1980; Niloff & Sheiner, 1981). Mammography picked up
17% of the clinically occult cancers (Dodd, 1977). The false-positive
rates are highest in those series with highest true-positive rates.

Benign lesions which can be misinterpreted as carcinoma
include:

1. the cyétié disease coﬁplex, particularly sclerosis

adenosis '

2. duct ectasia

3. postoperative scarring

4. skin lesions

5. breast abscesses"

6. fatinec;osis

Failure to identify a malignant tumor may occur because the
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lesion is either not visualized or misfaken'for a benign 1e§ion. The
density of the breast.surrounding the 1e$ion‘or:an adjacent benign
lesion may obscure the carcinoma. This happens most frequently iﬁ
young women with small, dense breasts or in the presence of extensive
fibrocystiC'disease; ‘Diffusely infiltrated tumors may produce
little dénsity and‘may be missed. In éitu carcinomas often produce
little density and will not be visualized unless calcifications are |
present. Occasionally a peripheral lesion or oﬁe close to the chest
wall may be missed by technical errors (Azzopardi, 1979). | |

Since mammography is not 1002 accurate and the interpretation
is subjective, it does not replace other &iagnostic modalities in
détection of breast cancer. Negative findings in one modality should‘
" not preempt positive findings in another.(Cooperman.& Esselstyn,

1978; Townsend, 1980).

Thermography

The term thermography is used to designate the process of

recording temperature imageé of the surfaces of objects under study
and should not be confused with conventional infrared photography.
Thermography is a passive process and depends entirely_dpon the fact
that all objects whose temperatures are above absolute zero emit
infrared energy as a function of their temperatures and absorb some

portion of . the enérgy emitted by every other object in the
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line-of-sight environment as a function of thgir temperatures.

For example, the temperature of a‘person's hands and face is
about 32;C. rather'than 37°C., the normal core body temperature. The
reduced temperatures.represent equilibrium conditions between core and
Ienvironmental temperatures. Since the body‘core is a higher tempefa—
ture than the environment, skin emits more infrared radiation thén it
absorbs aﬁd aésumes a somewhat reduced equilibrium temperature.

Normal thermography is concerned with this self-emitted
energy. For a given complex object in a given environment, a certain
normal thermal patterﬁ will exist. If any parts of the object are
warmer or cooler than normal, a correspondingly abnormal thermal pat— .
tern will exist. In forming the ;herﬁal images, the inffared-
sensitive instrument records the amounts of emitted energy from the
various parts of the object and is not at all concerned with the
sources of the heat or infrared energy.

Clinicall& it éppears that thermal abnormalities.of the order
of ¥ 1°C. may be significant. The human body normally exhibits a
high degree of right-left thermal\symmetry. If a persoh is placed in
a cool, draft-free room, the skin quickly will come to thermal
equilibrium with the room, and the thermal patterns which exist on
the skin will be characteristic of the individual. The patterns will
be largely determined by localized vascularities and by body heat

conducted to the skin from discrete areas deep within the body
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kBarnes,,l967).

Medical thermography, and in particular breast thermography,
started in 1956 in Canada when Lawson (1956) reported an area of heat
in a breast harboring cancer. His article stated that, "one of the
important biological,characterisfics of malignant tumors is the
increased rate of growtﬁ as compared to that of the surrounding
tissue. The maligﬁaﬁt propensities are directly related to tﬁe épee@
of cell division" (Lawson, 1956, p. 309).' This, in turn, is reflected
by local metabolism which is supported adequately by increased blood

and lymphatic vascularity (Breast Cancer Digest, 1980; Guillino,

1977; Lawson, 1956). Rapidly growing tumors induce an increased
blood éupply giving increased venous drainage and a higher surface
temperature. The elevated temperatures thus result in increased

infrafe& radiatioh'froﬁ'the skin (Barash, Pasternak, Venet, & Wolfe,

1973; Breast Cénéér Digest, 1980; Gautherie, 1980; Gautherie & Gros,
19763 Guilliﬁq; 1980; Isard, 1972; Lapayowker et al., 1973);
In breast thermography the ‘main stefs‘invqlved in the formation
of tﬁe thermoéraphic signal'are impoftant.
-* These steps are:
1. Heat is génerated by cancer tissue as a result of the
increased metébolisﬁ of its cells. This metabolic heat is
trapsferred'frém the tumor to the surrounding‘tissue by

conduction and capillary ¢onvection.
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2. This heat is.transﬁorted within the surrounding tissues,:
especially to the skin, principally by blood convection by
the largé.vessels. fﬁis gives rise to a local increase in
skin‘tempefature.
3. Metabolites qf cancer growth produce vascular changes,
morphological as well as dynamic, giving rise to modifica-
| tion of the cutaneous‘thermal pattern.

4. The breast exchanges heat with the environment by con-

duction,vconvection, and radiation. Thus, part.of the
"cancer heat" is radiated into the environment as infrared
radiation in accordance with Planck's Law (the quantity of
heat radiated is a function of emissivity and temperature
of the cutaneous surfaces). Infrared thermography is
based on measurements of this infrared energy (Gautherie
& Gros, 1976; Stolwijk, 1980). |

Figure 3 illustrates‘the formation of the thermographic signal.

A person having a breast thermogram first equilibrates with the
surrounding environment by disrobing to the waist with arms above the
head in a draft-free room held to 20-21° C. After 10-15 minutes, the
‘breasts are scanned by an infrared detector. The detector displays
skin surface temperatures which then may be photographed (Breast

Cancer Digest, 1980; Gautherie & Gros, 1976; Isard, Becker, Shilo, &

Ostrum, 1972). '"The person has to be thermally adapted in order to
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Figure 3.

Formation of the thermographic signal.




25
take advantage of the differential cooiing rates of the normal and
patbologieal skin areas called physiopathological contrast enhance-
ment" (Gautherie & Gros,,1976, p. 135).
Many investigators have contributed to the classification of
_the normal and abnormal female breast thermographic patterns. In the
normal breast‘the cutaneous thermal pattern is remarkably constant in
any given patient (Dodd, 1977; Gautherie & Gros, 1976; isard, 1980a,
1980b; Isard et al., 1972).
| Seventy-three percent-of normal healthy females have unchang-
ing patterns, 19% have some change, and 9% have thermal changes
that could be due to benign disease, hormonal intake or oral
contraceptives. The breasts have increased thermal changes
during ovulation, lactation and pregnancy and are coldest follow-
.ing menstruation (Blackwell & Farrell, 1979, p. 135).
Isard (1980a) reported: ''The constaney of a tbermai pattern is
unchanging, and observations over a decade and longer have shown that
a woman's‘tbermal pattern never changes,'provided that her breasts
remain normai" (p. 10). |
Another hallmark of the normal thermogram is symnetry (Isardb
1976, 1980; Isard et ai.; 1973).. The thermal pattern is not iden-
tical in the two breasts but there is approximate bilateral'symr
metry. The two parameters of increased heat emission and asymmetry
are the basis for detecting and evaluating breast abnormalities.

Thermographic diagnosis have been based on venous pattern

(which will not'be discussed in this study)-and differences in
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temperature. Several investigators have defined the presence of
malignant tumors assbciated with increased temperatures relative to
surrounding or contralateral tissue (Barash et al., 1973; Blackwéll &
Farrell, 1979; Guillino, 1980). They have indicated that about one
third of the cancers are 142°.C. hotter, another third 2-3°C., and a
final third are over 3° C. hotter than the corresponding contra-
lateral areas, while 10%Z of the cancers are not morée than 1°C. warmer
than the corresponding contralateral area (Barash et al.; 1973). From
a diagnostic‘point of view, the essence of fhermography lies in the
detection of differences in the bilateral thgrmal symmetry, cor-
responding to localized or generalized increaseé in temperature level
since teméerature and thermal conductivity of cancerous tissues are
higher than that of ﬁealthy tissues (Barash et al., 1973; Gautherie,
1980; Guillino, 1980; Isard, 1976; Isard et al., 1972). Thermal
asymmetry may be apparent és'hyperthermia of either thé entire
breast,.a peri-areolar hyperthermia, or focal hot spot (Blackwell &
~Farrell, 1979; Isard, 1980a).
Thermograbhy is not a totally definitivé-procedure, Benign,

‘but biologically active processes, may produce positive thermograms
(Cooperman & Esselsﬁyn,-l978; Dodd, 1977). Thermography is, there-
_fore, nof a specific indicator of cancer, bgt it does alert to the

possibility of the disease. It exploits indirect thermal
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consequences of biological processes and does not provide etiological
information. | |
The initial ernthusiasm for breast fhermography has waned.

Since 1973 data pertinenﬁ to the overall accuracy of thermography have
accumulated from 27 Breast Cancer Detection Demonstration Programs in
the United.Stétes as well as fromrEngland and other European

countries (Isard, 1980b). Reported true—pasitive rates vary from 75%
‘to 85%, and false—positive rates from 15% to 40% depending upon the
.population.studied and cr#teria of the interpreter (Dodd, 1977; Isard,
1980a; Libshitz, 1977). Unfortunately, the false-negative rate, as
high as 49.5% in one.study (Byrd, 1977), has been reported tq be
unacceptably high; and when compared to histological results, indi-
cates that perhaps 157-25% of cancers are thermographically inactive
(Blackwell & Farrell, 1979). Although very small tumors occasionally
will produce a positive thermogram, the thermal response would seem to
be a function of the éiée as well as the.Biological nature of the
tumor. Vafying metaBolic activity of breast cancérs ﬁay account for
variations in their thermographic detectability (Blaékwell & Farrell,
1979; Dodd, 1977; Gautherie, 1980). |

Currently, thérmography is being used as an ancillary technique

in combination with physical examination and maﬁmography to enhance
ylelds in screening proérams for detection of early breast cancer in

healthy, asymptomatic women (Blackwell & Farrell, 1979; Stark & Way,
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1974).. Breast thermography ié not recommended as an isolated tech-
nique for diégnostic pufposes, but may prove useful when physical
findings are questionable and the mammogram is not deqisive (Cooperman
& Esselstyn, 1978; Isard, 1§80a). It is also useful in follow—ub
examinations of patients with primary or recurrent céncer, as an indi-
cator fqr mifror-imgge biopsy, and as a tool for breast examination

of women under 50 years of age if the concern of radiation hazard con-

tinues (Blackwell & Farrell, 1979).

Stress Thermography

Strgss thermogréphy is also known as Graphih Stress Telethermo-
metry (GST). This experimental method can be used in coﬁjugction with
physical e#amination and mammogfaphy as a breast cancer risk indica-
for. It is based on the same biologiéal principles as conveﬁtional
‘thermography, that any ﬁgim'spot in the breést may indiéate the
pfesence of an abnormal condifibn,‘especially cancer. It differs from
cbnventionai Eherhography in  that an image display of the éonverted
~infrared signal is not used. Instead the infrared;detector or probe
is connected directly to a computer for numerical processing.

In 1975 Schwamm of West Gerﬁany_developed a system.for ther-
mography using an infrared probe (Thermophil M202). He coupled this
with a stress tesf to caﬁse'cutanepus vasoconétriction, first using -

injections or topical application of Novocaine and later substituting
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ice water. The rationale for the ice-water stresé procedure is that
certain parts of the body,inamely the volar surfaces of the hands,’
feet, lips, nose and ears,'éerve as sensor regions for afferent sig—
na%s to the thermoregulatory areas in the posterior hypothalmus and
spingl cord (Guyton; 1980). The principal method of regulating heat
loss is by varying the volume of blood flowing to the skin. When a
need for conservation of heat exists, adfenergié (no?ephinepherine)
autonomic stimuli cause cutaneous vasoconstriction and a sharp reduc-
tion to thg blood flow to the surface. This in effect transforms the’
skin and subcutaneous tissue into layers of insulation (Isselbacher
etlal., 1980). The skin is an effective radiator system, and the
flow of blood to the skin is a most effective mechanism of heat
transfer from the body core to the skin. .If blood flow from the
internal struétures to the skin is depressed, internéliy prodqced heat
is loét to the exteriox, more by conduction through ;he insulator
tissues of the skin and subcutaneous areas, and less by circulatory’
convection (Guyton, 1980). The skin cools as a result. Abnormal
areas such as those involved in breast céncer do not show this same
temperature reduction following vasoconstrictive stress, presumably
because the blood vessels in the tumor do not respond to the same
degree as do those in ?ormal tissue’under the same stimulation
(Schwamm, 1975; Snyder et al., 1979). Measurement of inffhred radié-

tion before and after the ice-water stress demonstrates a failure to
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cool around éreas~;hat hérbor a biologically active process such as
canéer. |

Graphic stress telethermomefry was developed by Phillips
(Snyder et al., 1979) as an extension of Schwamm's work. It utilizes
the infrared probe, stress temperature differential, and a computer
pfogram to assign a séore, placing the patient'into a low, intefmed—-
late, or high—risk category (Snyder et al.; 1979). The érocedure‘fol—
lowed is to héve the subject disrpﬂe to the waist and equilibrate
‘with the environmeﬁt for 15 minutes. The infrared probe then is used
to measure the forehead temperature to provide an individualized
refe;ence. fhe probe then is passed ovér'nine_regions of each breast
to'meaéure the éeak temperature emission from ?ach region; After the
baseline thefmographié results are dbtained,‘éhe édbject then places
.thé hands into ice Wate;'for 15 seconds. fhysiologicai reaction to
the stress causes peripheral vaéoconstriction and é subsequent dfopl
in temperature for ali segments of normal breasts. A second éet of
temperature measurements then is obtained in'precisely the same
ﬁanner as performed prior to the induced vasoconstriction stress. - A
éomparisoﬁ of temperatures is made pre- gnd‘post—stress, nbfing those
areaé; éithef cénﬁrdiafe;aily or ipsiléterally, that shoﬁéd no
resﬁonse to.the st?essk .If no response or astmet;y is shown. in any
ségment or segments, an abnofmali;y is suspééted. |

To dafe few published studies have been done regarding this
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detection modality. The resuité from the original study by Snyder,
Watson, and Cruz (1978) at the Memorial Sloan-Kettering Institute
showed that, of 127 patients undergoing biopsy that had stress tele-
thermometry prior to surgery, 667% had biopsy-proven cancer, and
éccording to the-;édring method devised By_these researchers, all had
increased risk scores. .A subsequent publication in 1979 by Snyder’on.
315 symptomatic women with biopsy-proven diagnoses showed that 93% of
the women with céncer were detected (true—ﬁositives), 7% were mnot
(false—negative;). Snyder, Watson, and Cruz.(1979) found, howeﬁer,
that only when scores were greater than 70 (high-risk 627 of the
sample) could it be said that a patient was more likely to have can-
cer than an atypical or benign condition. Size of the tumor seemed to
make little differenée in this study (Snyder et al., 1979).

In 1980 quist and Myers publiéhed a study of 659 subjects
which.included_lQ biopsy-proven cancers. In this study nine out of
10 breasticancers were determihea correctly using an algorithm which
may be adjusted as the number of patients increases. The most sig-
nificant parameter for discriminating cancerous from normal breasts
was the asymmetry-measurement of the bfeasts following the ice-water
stress (Jurist & Myers, 1980). |

.In a follow-up study using the same algorithm, Jurist and
Myers foﬁnd false-negatives in two out of 19 breast cancers with an-l_.

_associated false-positive rate of 30% in 140 normal women (Jurist &
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Myers, 1981). Théir data then were evaluated blindly with an algo-
rithm developed at another facility. 'This.algorithm yielded a false—
positive rate of 17.3% with a false-negatjve rate of ‘11%Z (Jurist &
Myers,1981). Both Jurist and Myers (1980) and Snyder et al. (1979)
concluded that stress thermograﬁhy was worthy of further investiga-
tion. |

Two studies havé been pﬁblished recently which describe clini-
cal application of the test (Brooks, 1979; Morese, Su;1ivan, Dugan,
& Gaudio, 1979). Both studies are preliminary, with low biopsy con-
firmation (Brooks, 1% and Morese et al., 2%), but both studies
enthusiastically support the use of the GST tool énd recommend addi-
tional study of the inétfument. One additional study by Brooks
(Brooks, Gaft,.Heldford, Margolin, & Allen, 1981) utilizes the stress
‘thermography procedure in evaluating the effect of gafféine restric-
tion on_fibrocystic breast disease. The gtudy is sigﬁificant as i£ is
- a 16ngitudina1 stu&y oﬁer'a six-month period objectively monitoring

changes in the subjects' scores with the prescribed treatment regime.

Purpose of the Study

The review of*current literature about mammography, stress
thermography, and conventional thermography reveals that mammography

is the most accurate and reliable method of detecting breast cancer as
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proven by biopsy. 'The use 6f conventional thermography is on the
decline bécause of ité high falsg—positive and falsejnegative rates.
Stress thermome£r§ is a new procedure, and its usefuiness has been
established tentatively by liﬁited research., This study is inteﬁded
to answer the followiﬁg question? Is there a difference in accuracy
in differentiating benign from malignant breast disease in stptd-
matic women between stress thérmbmetry and mammography as determined‘
by breast biopsy? It is assumed that stress thermomeéry uitimately
will prove to be at least as accurate as mammography in detedting
malignént breast disease given the constancy and symmetr§ of each
indi%idual's.thermographic pattern and the employment:of objective
numerical scores rather than the subjective c;iteria:used for mammo-

graphic interpretation.




. Chapter 2

MATERIAL AND METHODS

-Subjects

l Thé subjects in this investigation were selgcted from 780
women who had partiqipated in stress thermography studies which were
conducted in Jurist's laboratory in Billings, Montana. The subjects
were included in the investigation if they had experienced a biopsy
for breast pathology within a year of the stress thermogrém and mam-
mogram studies. This group of women was a purposive sample seiected
because the experiment wés to test not only the sensitivity but also
the specificity of the stress telethermometry tool and mammogram for
the presence of cancer in symptomatic.women; All of the Wémen who
participated in the study had demonstrated-symptomatic Breast‘diseasé;
however, not all of the women had experienced both of. the diagnostic
modalities.

The subjects were ‘selected withéut reference to age, to race,
oﬁ to ethnic background but solely on the fact that they had under-
gone biopsy confirmation of their disease. The range was from 17
..years of age to 86 years of age. The mean age ﬁor the group was 48
years. The total‘ﬁuﬁbgr of participants in the inygstigation was 72,

The breakdown'by'age group is noted in Table 1.
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Table 1

Age Distribution of Subjects

Biopsy Proven

Subjects

Malignant - Benign Total
Under 40 years 2 22 24
40-60 years - 10 24 34
Over 60 years 12 2 ‘ 14
Mean age 61 | 42 . 48
Total 72 -
Proce&ufe

The charts of the 780 women who had the stress thermography
. procedurg between June, 1978, and June, 1981, were reviewed for
indication of‘mammography procedure and breast biopsy. From this
group, éubjécts who had bioﬁsy éoﬁfirmation of their breast disease
were selédted.' As a féllowéup,,letters in which ﬁermissibn was
reqﬁested to investigate their medical records were sent to two Bil-
lings hospitals (see Appendix A and Appendix B). .Wi£hin a wéek
permission was granted‘(see Appendix C and Appendix D).

The mammography procedure néeded to have been performed

within one year of the stress thermography procedure and both needed
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to be performed within one year prior to biopsy. The biopsy results
were reviewed for each subject, and the diagnosis of bepign or malig-
nant disease was established. Followiﬁg this, the mammography results
were reviewed. A diagﬁosis of benign disease included such diagnoses
as mammary dysplasia, benign adenoma, fibrocystic disease, and no
evidence of malignant disease. If the mammogram was interpreted as
slightly suspicious with recbmmendation for follow-up mammogram in
3-6 months and no fecommendation for biopsy, or interpreted as no
"evidence of malignant disease, it was considered negative. If the
mammogram was iﬁterpreted as suspicious or included a recommendation
for biopsy, or a positivé diagnosis of malignancy, it was considered
.to be positive. |
The algorithm devised by Jurist and Myers (1980), which is
adjusted as the numbers of patients change, was used to discriminate
malignant from nonmalignant scores. Zero (0) is‘deSignated as the
discriminapt.threshold'between malignant and normal'thermograms.
Those women having scores above zero were considered to have positive
stress‘thermogram and those having scores below zero were considered
to be negative. |
The two diagnostic modalities of stress thermography and

mammqgraphy weré evélﬁa;ed by detection sensitivity, specificity, gnd
overall accuracy. They are:

1. ‘Detection sensitivity (true-positive rate) refers to the
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pfobability of a test being called positive when malig-
nancy is present. In this study it rep%esentssfhe per-
centage éf éoéitive test results when malignancy is proven
by biopsy. |

Detection speecificity (true-negative rate) is the probabil-

ity of a test being called normal or benign given. the

absence of malignaney. It represents the percentage of
negative test results when biopsy revealed a benign

lesion.

‘Overall accuracy represents the probability of obtaining a

correct test result. It is the sum of true-positives and
true—ﬁegatiVes divided by the total*number'of biopsy-proven
qases.‘ Detection error rates, false—pqsitive'and false; |
nggative? are correlate& also with histological_diagnosis.

Appendix E shows the table of formulas used.




Chapter 3
RESULTS

A review of 780 streés thermograms done in Jurist's 1aborato£y'
revealed that 82 women had breast biopsies within a year of'their
stress thermograms. One subject had two stress thermography-proced—
ures with corresponding biopsies for a total of 83 procedures. Niﬁe
5u£jects had no record of biopsy. Eight stress thermograms were eli-
minated for techmical errors, and éb subjects'had no ﬁammogram. A
total of 66 subjects were in the stress thermography group while_54’
s;£jects were in the ﬁammography group. Table 2 identifies the number

of subjects having each procedure.

Table 2

" Procedure Distribution of Subjects

Procedure Number of Subjécts
-Thermogram and Mammogram ' 48
Thefmogrém only ' 18
Mammogram only - : 6

Total 72 -

Twenty-four malignancies in this study represented 33% of the
total subjects.

The overall detection sensitivity, the "true positive'" rate of
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correct maligﬁant diégnosis in patients with malignant disease, was
75% for. mammography and 88% for stress thermggraphy.- There were
insufficient qumbers for chi-square analysis. Binomial eipansion
failed to establish a significant differgnce in detecting cancer
(true-positive) between the two procedures at the .05 level of con~
fidence. Figure 4 demonstrates these figures in comparison with -
biopsy results. Table 3 indicates the age—rélated detection sensi-
tivity éf both procedures. The percentages in Table 3 refer to cor-
rect diagnoses of malignéncy in the defined group. One cancer was
missed'ﬂy both the stress thermography and mammography procedures.

Table 3

Age-Related Detection Sensitivity
of Both Procedures

Age Mhmmogr&phy  Stress Thermography
17-40 ©0/1 (0%) 2/2  (100%)
41-60 _ 6/8 (75%) 9/10 ( 90%)
61-86 = | - 6/7  (86%) 10/12 ( 83%)

The detection specificity, the "true negative" rate of correct
benign diagnosis in patients with benign disease, was 877% for mammo-
graphy and 52% for thermography. Chi-square analysis indicates a

significant difference in the specificity (true-negative) between the
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two procedures at the .00l level of confidence. Figure 5 demonstrates

the biopsy-proven true negatives. Table 4 indicates the detection

specificity by age.

Table 4

Age-Related Detection Specificity for Mammography
and Stress Thermography

Age Mammography Stress Thermography
19-40 13/16 (81%) 9/20  (45%)
41-60" 20/22 (91%) 12/20 (60%)
61-86 ! no subjects 1/2 (50%)

' : in this

category had
negative mammograms

n=54 . n=66

Detection error rates éfe indicated in Figure 6, page 43.

False-positives were obtained in five out‘of'3é subjects who
were examined by mammography, and 20 out of 42 subjects who were
examined by stress tﬁermography. The false-negative rate was four
out of 16 for mammogréphy and three out gf 24 for thermography.

The records were reviewed on those subjects with false-
positive or faléeQnegative resu;ts. Nineteen subjects Who‘had posi-

tive stress thermograms but negative biopsieés were below the age of
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60, with ten below the age of 40. Three of the subjects in the 41-60

- group had conditions which are known to be associated with abnormal

thermographic activity. Inflammation, fibroadenoma, and some horm-
onal influences may have contributed to the thermographic activity,
though this is just supposition sinéé‘stage-in—ovulatory cycle is not‘
incorporated into the current scoring system. One falsg—positive
with negative biopsy was in aﬁ79—year—o;d subject whose stress ther-
mogram three years 1éter with éubsequent biopsy revealed a diagnosis’
of pipillary intraductadl carcinoma. Those subjects with cancer who
had thermographically negative scores were reviewed. Two subjects
had infiltréting ductél carcinoma with metastasis to no&es, indica-
ting these may have been advanced cancers. The remaining subject
also had an infiltrating ductal carcinoma, but with no metastasis.
Gautherie (1980) offers an explanation of this phenémenon. He sug-
gests that certain cancers, althqﬁgh markedly_heat p;oducing, do not-

produce an appreciable increase in the skin temperature due to poor

" conditions for heat transfer between the tumor and the skin.

The false-positives that were noted on mammography were éon—
sidered suspicious due to‘calcifigatidn pattern (three), breast asym-
metry (onej, and a mass which on biopsy was a fibroédenoma (one).

Two of these false-pbsitives were also false-positives with the

stress thermogram. Four false-negatives were on mammography, two with

'metastasis at time of mastectomy. Three of the subjects were below
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the age of 45 years; when mammographic’ evidence of cancer may be
obscured by dense breast tissue. Tﬂe fourth was 71 years of age; no
obvious reason can be offered why this subject was missed;

Evaluation of the usefulness of these two procedures in dif-
ferentiating cancers from benign diseases was determined by the appli-
cation of the chi-square test. This established significance ;t the
.001 level of confidence.for mammography and at the .005 level of.
confidence for sffess thermography. The usefulness of mammography
was, &f = 1 with‘a calculated X2 at ;9.962; the usefulness of stress
thermography was, df = 1 with a.célculated X2 at 10.323. The overall
biopsy-proven accuracy rate in Figufé 7 indicates'mammograéhy with
accuracy of 83% and stress thermography 65%. Chi-square analysié
shows a éignificant difference exists in the overall accuracy beﬁween
procedures at the .05 level of confidence. Table 5 summarizes the

age-related accuracy of detection.

Table 5

Overall Accuracy of Detection by Age

Age Mammography - Stress Thermography

19-40 13/17 - (77%) 11/20  (55%)
41-60 : 26/30 (87%) 21/32  (66%)

61-86 6/7 (86%) . 11/14 (79%)
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OVERALL ACCURACY

% o L] mammoarapuy

\‘Q; [::] STRESS THERMOGRAPHY
65%

X

l43/60|

3.841
5.020

5 Critical x2
20D Calculated x

df

Figure 7. Overall accuracy.
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That age of the subject influences diagnostic accuracy is shown

in Table 5 and in Table 6. Both the mammogram and the stress thermo-

gram demonstrated improved accuracy in cancer patients with advancing

age of the patient. Analysis of benign patients incorrectly diag-

nosed (that is, false-positives) was similar.

Table 6

Correct Diagnoéis by Age

Procedure

Malignant Benign

(by age) (true-positive) (false~-positive)
Mammogram

17-49 3/6  (50%) 4129 (142)

50-86 9/10 (902) 1/9 (11%)
Thermogram

17-49 6/7 (86%) 16/33 (48%)

50-86 4/9 (447)

15/17 (88%)

In an attempt to discriminate cancer from benign disease with

the stress thérmography procedure, the iﬁvestigator’reviewed the 'scores

of the 24 subjects with diagnosed cancer. When the discriminate

threshold of zero was used to differentiate cancer from benign

disease, the results showed three subjects with negative scores.

A

The first negative number was -0.170 with the next two at
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~4.760 -and ~4.950. The score of ~0.170 then was used as the number
to discriminate benign from malignant:diséase. The use of this
score also includeé 19 subjects with diagnosed benign disease.
Using this megative score increased the number of_ca;cers detected
by omne for'92% sensitivity, decféased'the false-negative rate to
8%, increased the faisé—pqsitive rate to 55%, and decreased the
specificity to 45%. -The overall éccuracy of the procedure which
used the negativé score decreased from 65% to 62%. Clearly,
no beﬁefit.existé in this study in altering the threshold which

discriminates benign from malignant disease.




Chapter 4
DISCUSSION

As far as is known, no case of breast cancer was missed in
‘this study. Local referring physiéians have been conscientious in
reporting back those patients who have positive diagnosis of cancer.

Considering the highly selected population sample of sympto-
matic women either referred by a physician or by self—reférral
because of a breast problem, the detection results of 75% by mammo-
graphy are less than expected, though in concert with other studies
(Niloff & Sheiner, 1981; Stark & Way, 1974). Tﬁis is in view of the
fact that a broad definition of accuracy was used: any opinion from
slightly suspicious to définite cancer was included as true~positive-
in'malignant cases. The false-negative rate means that one out of
every four women with a proven carcinoma of the bfeast had no mam-
mographic evidence of malignant disease. This fesult suggests that a
negative mammogram may give a false sense of assurance to both the
physician and the subject and could delay appropriate treatment, even
though this did not occur with subjects in this study.

This study alsé confirms the findings of others that mam-
mography is less accurate when performed on young women. The denser,
more glandular breasts that are found generally in young women make
mammographic interpretation of carcinomas less accurate than in the

fatty breasts found in older women. Three of the four subjects with
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false-negative mammogramé had positive stress thermograms. The fourth.
-subject with é negative mammogram alsa had a negaéive stress thermo-
gram and no nodal metastasis. This cancer was not an early one.

It is important with any diagnostic procedure to exhibit some
clinical judgment so as not to be all-inclusive, and as with mammo-
grams, to expose the patient to additional expensive and hazardous
procedures. In this study, the faise—positivé rate of 137 seems
justifiéd in view.of the fact that all five subjects exhibited one of
the primary signs of malignancy on the mammogram. A detection speci- _
ficity of 87% iS'compafable to the other research studies.

The.sensitivity of the stress thermographic procedure at'88%'
in this study compares favorably with published data for mammography
and convéntional thermography. The high false-positive rate may be
too "all-inclusive" at this time to make the instrument medically
acceptable without further refinement of the scoring system. The fact
that 15 out of 20 subjects with positive scores were age 50 or less
could imply that hormongl levels associated with the menstrual cycle,
which are known to affect thermographic results, may have influenced
the scores in this study. A review of the biopsy reports of the.
subjects with positive stress thermogram scores revealed that 13
scores Wére clean misses. The remaining seven subjects had biopsy
diagnosis of conditions that are repbrted in the literature to be qf

significant risk for breast cancer or are premalignant conditions.
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Two of the subjects had biopsy diagnoses of papilloma, a
breast disease which was cited by Moskowitz, Pemmaraju, Russel, Gar-
della, Gartside, and De Groot (1977) and Azzopardi (1979) as.having
an increased risk for malignancy, 3.51 per thousand. In fact one of
the subjects in the investigation'subsequently had a repeat thermo-
gram and biopsy diagnosis two years later of papillary intraductal
carcinoma. The assumption is reasongble that this originél false-
positive may have been a prevalent cancer rather than an incident can-
cer which Was.discovered two years later. .Thé other subject with
papilloma also was a false~positive on mamqography. Three of these
subjects had moderate to severe hyperplasia while two subjects had "~
severe fibrocystic disease. Both diseases are considered bf some
investigatorsﬂtq carry an increased risk of cancer (Azzopardi, 1978;
Moskowitz et al., 1977).

The overall accuracy of the stress thermography procedure of
65% is affected adverseiy by the high rate oﬁ félse-positivé in ‘this
study. Several inveétigations have sﬁown that the efficacy of thé
thermogram and the mammogram procedures is increased Qhen they are
used in combingtion with each other or with clinical examination.
This study corroborates those findings. Table 7 demonstrates speci-
ficity to cancér Whgn‘resﬁlts of both the stress thermogram and the

mammogram procedures are combined.
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Table 7

'Combined Mammogram and Stress Thermogram Results

Results | Cancer Benign
Both tests positive ' 10 (63%) 2 (67)
Negative stress thermogram/ 2 (13%) ' 2 (6%)

Positive Mammogram

Positive stress thermogram/ i 3 (1972) 15 (47%)
Negative Mammogram-

Both tests negative 1 (672) . 13 (41%)

When one or both procedures were positive, there was a 947
specificity for cancer and a 6% false-negative rate. When both.
tests were negative, there is a 417 specificity rate with a cor-
responding false-positive rate of 59%. Hicks et al. (1979) indicate
that the predictive value of a test, the percentage of positive.
results that are true-positive, is a useful parameter when inter-
preting an abnormal finding. They state that,
screening‘tests‘should ideally detect all persons with
disease, i.e., 100% sensitivity or no false negative results.
Therefore, sensitivity is the most important parameter to
evaluate a test. This implies that lower degrees of specificity
may be acceptable (Hicks et al., 1979, p. 2083).

In this study the combination of the two procedures allows for

a high degree of predictability for cancer when both tests are

positive. Since it has been established that both procedures are
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useful in differentiating cancer- from benign breast disease, the
high false—positive rate could be acceptable for establishing a high
risk grbup. The true-positive rates are goodf and when combined with
clinical examination and judgment, they could perhaps eliminate |

biopsy in selected cases of symptomatic women.




Chapter 5
CONCLUSION

From this study the conciusiop might be drawn that neithe¥ the
mammography nor the stress thermography procedure is currently at a
state of the art Wherg either could be used as a sole diagnostic
modality. The results of this study certainly correlate with other
érevious studies and indicate that thesé pfocedures are an adjunct to
clinical examination and biopsy.

" The sensitivity of the mammographic procedure may have been
affected adversely by the small sample size of 16 cancers in this
stud& but did show a high rate of specificity for the disease. This
study also reconfirms the limitation of mammography in diagnosing
clinically palpable breast masses in young women and should not be
used as a substit#te for.physical examination of biopsy in subjécts
with clinically suspicious lesions of the breast. On the other.
hand,'mammographyvdoes have a use in the older woman with a clin-
ically palpable breast mass and shoﬁld be used to search for an
occult carcinoma in the "ipsilateral or contraiaterél breast.

The sensitivity of thg stress thermographic test was certainly
much better than expected but does nofhdemonstrate any difference
over mammography. Interestingly in conventional thermogfgphy an
" abnormal thermogram is considered a high risk factof, and those sub-

jects afe followed up who exhibit an abmormal thermogram. Gautherie
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(1980) reéorts 38% of the squects who had an abnormél thermogram sub-
' sequently developed breast cancer within a four-year retrospective
study. Gautherie (1981) also maintains that an abnormal thermogram
is a "ten times better marker" (p. 4) than a family history for the
risk of breast cancer.

Sincé the sensitivity of stress thermography to cancer ?s
~ greater than mammography in the young woman, a possibie use for the
stress thermography procedure would be”to establish baseline studies
in the young woman; and changes in the established thermal pattern
could serve as indicators for further diagnostic tests. This could
eliminate the use of mammography in these subjects and the atten&ant
exposure to radiation. "Stability of the thermal pattern may be an
adequate substitute for mammography" (Dodd, 1977, p.‘2797). The
falsé—positive rate is excessive but could be acceptable for estab-
lishing a high-risk group whéﬁ the true-positive,raées aré improved.
For now, the use of gtres;‘the;mograﬁhy should be.as an adjunct and
not the sole modality. | |

One of the limitations of the stﬁdy was the small sample size
and the fact that it was limited to symptomatic Womep. The results
are not applicable to the population at risk for bfeast cancer as a
whole. Another limitatién was in the interp?etation of mammographic
results. It is believed that if a similar future study were con-

ducted, a clinician outside of the study would be employed to
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evaluate the'mamﬁographic findings.

The purpose of this study was to determine if ﬁhere was a dif-
ferenqe in accuracy between mammograbhy and stress thermography pro-
" cedures. It is clear that thermography showed a greater .sensitivity
for the disease, but mammography showed a greater specificity and
overall accuracy. The infqrmatioﬁ revealed in this study is encour-
aging, and by no means precludeg further study of the stress thermo-
graphy.procedure. It would be advan;ageous to develop_a more effec~
tive discriminant algorithm to differentiate benign from malignant
disease. This possibly could be done by incorporating into the
scoring system some factors which adversely affect the thermogram
such as stage in ovulatory cycle, medicétions, anq circadian rhythm.'
The fact that the results of the stress thermogrgﬁhy pfocedure are
totally objectivé‘is a desirable factor in future use as a screening

tool.
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APPENDIX A

COPY OF LETTER SENT TO SAINT VINCENT HOSPITAL
May 15, 1981

Sr. Therese Zimmerman, RN
Director of Nursing Service
Saint Vincent Hospital
Billings, Montana 59101

Dear Sr. Therese:

As a requirement for a Master's Degree in Nursing, I am investigating
the diagnostic accuracy of mammography and stress thermography as
Proven by breast biopsy. I would appreciate your permission to review
the records of a selected group of patients who had mammography or
breast biopsy at your facility. '

You have my assurance that at no time will the confidentiality of the
patient be .violated and only the age and the results of the procedure
will be used. No other person will have access to the raw data and
only summarized data will be published in the thesis..

This study hopefully will contribute to the knowledge of the most
effective noninvasive procedure to diagnosing breast cancer in women.
It will serve as a foundation study in the continuing effort to
provide improvement in health care delivery to the consumer.

Sincerely,

Sue Bradshaw
Graduate Student in Nursing
Montana State University
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APPENDIX B

COPY OF LETTER SENT TO DEACONESS HOSPITAL

May 15, 1981

Ms. Joanne Dodd

Director of Nursing
Billings Deaconess Hospital
Billings, Montana 59101

Dear Ms. Dodd:
As a requirement for a Master's Degree in Nursing, I am investigating

the diagnostic accuracy of mammography and stress thermography as
proven by breast biopsy. I would appreciate your permission to review

- the records of a selected group of patients who had mammography or

breast biopsy at your facility.

You have my assurance that at no time will the confidentiality of the
patient be violated and only the age and the results of the procedure
will be used. No other person will have access to the raw data and
only summarized data will be published in the thesis.

This study hopefully will contribute to the knowledge of the most
effective non-invasive procedure to diagnosing breast cancer in women.
It will serve as a foundation study in the continuing effort to provide
improvement in health care delivery to the consumer.

Sincerely,

Sue Bradshaw
Graduate Student in Nursing
Montana State University
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APPENDIX C

LETTER OF PERMISSION TO USE MEDICAL RECORDS
; AT SAINT VINCENT HOSPITAL

Saint Vinc:ent HRospital
1233 North 30th Street
Billingo, Montana 59103

TO: Sue Bradshaw
FROM:  Sister Therese, DNS_Z
:* Use of patients' medical records in Master' 8 Thesis

DATE:  May 15, 1981

In reply to your letter requesting permission to review

. mammographic and biopsy reports, the policy of St. Vincent
Hospital is to ensure total confidentiality of patients'
medical records. Providing that this ‘policy is maintained
by you, you may use data from the medical records of patients
you select for 1nc1u81on in your Master's Thesis in Nursing.
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APPENDIX D

LETTER OF PERMISSION TO USE MEDICAL RECORDS
AT DEACONESS HOSPITAL

GILLINGS DEACOMESS HOSPITAL th
May 22, 1981

Sue Bradshaw

802 Clark

Billings, Mt. 59102

Dear Sue,

Permission is granted for you to review a selected group

of patient's laboratory and radiology records, for the purpose
of your thesis.

We trust that the rule of confidentiality will be followed
by you with this information.

Sincerely,
Dodd
ice President for Nursing Service

ch
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APPENDIY E

TABLE OF FORMULAS -

Demonstration of Method‘torEvaluate the Accuracy

of Stress Telethermometry and Mammography:

Sensitivity and Specificity

Test or Examination Disease Present
Positive A
(indicating disease is (true-positive)

probably present)

Disease Absent

B

(false-positive)

" Negative D ) c i
(indicating disease is (false-negative) (true-negative)
probably absent) :

Totals - A+D B+C

crsonn.. True Positive (A)

Sensitivity: True Positive (A) + False Negative (D) - x 100
Specificity: True Negative (C) x 100
" True Negative (C) + False Positive (B)

Accuracy: True Positive + True Negative x 100

True Positive + False Positive +

- True

A, True positive:

Negative + False Negative

indicates mammogram interpretation of malignant
or suspicious or a stress thermogram score above

zero (0) with biopsy-proven cancer.

B. False positive: -indicates mammogram interpretation of

suspicious or malignant or a stress thermogram
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APPENDIX E (continued)

score above zero (0) With biopsy-proven benign
disease. |

C. True pegative: indicates mammogram interpretation'of benign

| disease or no .evidence of mélignancy or stress

thermogram score below zero (0) with biopsy-
proven benign disease.

D. False negative: indicates mammogram iﬁterpretation of benign or
no evidence of malignancy or a stress thermogram
score below zero (O)uwith biopsy-proven cancer.

False positive: test indicated positive/Biopsy negative
total number of negatives

False negative: test indicated negative/biopsy positive
total number of positives
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