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Thermography makes a significant contribution to the evaluation of patients suspected of having breast 
cancer. The obviously abnormal thermogram carries with it a high risk of cancer. This report summa- 
rizes the results of patients with questionable or stage Th 111 thermograms. From approximately 58,000 
patients, most of whom had breast complaints, examined between August 1965 and June 1977, the con- 
ditions of a group of 1,245 women were diagnosed at  initial examination as  either normal or benign dis- 
ease by conventional means, including physical examination, mammography, ultrasonography, and fine 
needle aspiration or biopsy, when indicated, but nevertheless categorized as stage Th 111 indicating a 
questionable thermal anomaly. Within five years, more than a third of the group had histologically con- 
firmed cancers. The more rapidly growing lesions with shorter doubling times usually show progressive 
thermographic abnormalities consistent with the increased metabolic heat production associated with 
such cancers. Thermography is useful not only as a predictor of risk factor for cancer but also to assess the 
more rapidly growing neoplasms. 

Cancer 45:Sl-56, 1980. 

U R I N G  12 YEARS of clinical practice utilizing ther- D mography as one of the techniques for breast 
xamination, we had the opportunity to observe the 
vomen by repeated studies over a long period of time. 
'he patients were usually symptomatic but a small 
lumber were examined because of cancerphobia or a 
amily history that placed them in a high risk category. 
rhere was no mass screening of asymptomatic women 
IS is currently under investigation in the United States. 
lmong the patients who initially had questionable 
hermal anomalies of asymmetry, disordered vascu- 
arity or local hyperthermia, but no physical, mammo- 
:raphic or echographic evidence of malignancy, there 
 ere some who subsequently were proven to have 
lreast cancer. 

Similar observations have been reported by other 
r ~ v e s t i g a t o r s ~ ~ ~ ~ ~ - ' ~  who have suggested that among the 
;o-called "false-positive" thermograms there are pa- 
ients with carcinomas that are not yet palpable or 
{isible on mammography. This report will provide 
some statistical information in these situations. 
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Patients and Methods 

Approximately 58,000 patients were examined in our 
Department of Breast Diseases between August 1965 
and June 1977 (Fig. 1).  Of these, 1,563 women between 
32 and 53 years ofage (approximately 2.5% of the total) 
were initially classified as thermographic stage Th 111. 
In our classification".' thermograms are distributed in 
five stages from Th I to Th V,  according to an in- 
creasing probability of cancer. Each stage is identified 
by thermovascular patterns and areas of hyperthermia, 
either singly or in combination. Stage 'Th 111 represents 
equivocal situations in which the thermal signs are 
suspicious but not conclusive and it was this group that 
was analyzed. 

On the first visit the complaints and history are re- 
corded and the patients undergo physical examination. 
mammography, thermography, and frequently ultra- 
sound examination. If aspiration or needle biopsy is 
performed, a prompt report of cytologic or histologic 
findings is obtained. 

Thirty-six of the women in category Th 111 did not 
return as requested, leaving a total of 1.527 for evalu- 
ation. With the exception of the 282 patients with a 
diagnosis of cancer established on the initial visit, all 
were followed by re-examinations for periods of time of 
up to 12 years. It is worth noting that approximately 
90% of patients presenting with Th I V  and V have a 
diagnosis of cancer established on first visit a s  con- 
trasted with only 18% of the Th I11 group. 

The frequency of re-examinations depends primarily 
upon the clinical impression which is arrived at by 
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FIG. 1 .  Total patient population with thermographic staging and 
diagnosis at initial examination. 

studies other than thermography, and patients with 
benign disease generally have shorter intervals be- 
tween examinations than those patients consklered , 
normal. 

Results 

Of the 1,527 Th 111 patients, 784 (51%) had no ab- 
normal physical, mammographic or echographic find- 
ings; 461 (30%) had conditions diagnosed as benign 
disease, mainly cystic mastopathy; and 282 (18%) had 
conditions promptly confirmed histologically as cancer 
(Fig. 2). From among the 784 apparently normal 
women, malignancy was detected in 177 within the first 
two years following initial examination, and an ad- 
ditional 121 cases were found during the following two 
years. The overall rate was 38% (Fig. 3). The mean 
delay in a histologic diagnosis of cancer is approxi- 
mately 1% years after the initial visit. In most of the 
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FIG. 2. Evolution of cancer in 784 patients with Th I11 thermo- 
grams but considered normal otherwise. Within the first two years 
22% were confirmed malignant and an additional IS% during the 
following two years. 

cases with delay in diagnosis of one year or lefs, I 
thermogrdms demonstrated a change with increase 
both the intensity and extent of hyperthermia result11 
in a progression to stage Th IV or V .  

Comparable results were found in the group of 41 
Th I11 patients considered to have benign disease N i  

a 44% rate of cancer diagnosis (Figs. 4 and 5 ) .  

Case Reports 

Case 1 

A 40-year-old woman was first examined in Septemb 
1974 because of bilateral mastodynia and cancerphohi 
While results of physical, x-ray and echotomographic exar 
inations were negative, the thermogram was classified T h  1 
because of hyperthermia overlying the left breast (Fig. 6 )  

The patient was instructed to return in three months 5 
re-examination but delayed her visit until July 1975. a I 
month interval. Thermography disclosed intense hylpe 
thermia of the entire left breast and was reclassified as  Th ' 
Both physical examination and mammography were iio 

abnormal and malignancy was confirmed by cytology <ir 

histology. 

Case 2 

A 45-year-old woman was first examined in May 1974 hm 
cause ofbilateral breast pain which was accentuated in the ie 
breast. A diagnosis of Reclus disease (bilateral cystic masiol 
athy) was made following physical examination, mammq 
raphy and echography. However, the thermogram was cia 
sified Th 111 because of questionable hyperthermia over11 i r  

the left breast (Fig. 7). 
Repeat thermographic examinations were performed . 

six-month intervals with no apparent changes until Augu 
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FIG. 3 .  Evolution ofcancer  with stable Th 111 vs. increase in hyi  #:I 

thermia. Mean delay in the histologic diagnosi\ of cancer i h  apprc \I 

rnately I %  years. When the diagnosis was established in l es \  t 
one year progressive thermal abnormality was observed in rnw 1 '  

the case5. 
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1976 when an increase in nipple and peri-areolar heat was 
, ~ ~ t r d  with some alteration of the thermovascular pattern. 
.rsulting in a reclassification to Th IV.  Additional studies, 
pLu.ticularly ultrasound, revealed a nonpaipable I . k m  mass 
In the subareolar area which was confirmed histologically 

cancer. 

Discussion 

In our experience, the rate of cancer detection on re- 
=,\amination of women who initially were considered 
tither healthy or having benign mastopathy by methods 
other than thermography is significantly higher for 
those with Th 111, 38 and 44% respectively, than for 
those with Th I or Th I1 with a rate of only 0.4.92 Need- 
less to say, technical skill and expertise in interpre- 
tation of the images are required. This is emphasized 
p:u-ticularly in view of the criticism that thermography 
has a high rate of "false-positives," in the range of 10- 
30%, depending upon classification of abnormalities 
and the technique used, whether by infrared scanner 
or liquid crystals. More than one-third of the doubtcul 
or stage Th I11 thermograms found in association with 
noimal breasts or those with benign disease on the 
occasion of the initial examination correspond to 
clinically occult or  mammographically negative carci- 
noinas. The remaining cases may be reasonably 
accepted as false positives provided the thermal 
anomalies have no explainable basis. Most of these 
persist over the years and some spontaneously improve. 

Fundamental data on thermography of mammary 
carcinomas have been described previously.'," An 
unequivocal relationship exists between growth rate 
and metabolic heat production, and, for the cancers 
with a rapid growth rate or  short doubling time, the 
heat production is very high (Fig. 8). The heat gener- 
ated by the cancerous tissue with a very short doubling 
time of less than 50 days is intense, about 70 mWicm", 
which is more than that recorded for the most thermo- 
genic normal tissue,' and much more than the maximum 
value of 12 mWicm" that we have found in normal 
glandular breast tissues. The relative percentages of 
cancers associated with progressive thermal anomalies 
versus a stable Th 111, as shown in Figs. 3 and 5 ,  
suggest that the earlier detection of malignancy is re- 
lated to a more rapid tumor growth rate. 

We wish to emphasize that in no case is the diagnosis 
of cancer made on the basis of thermography alone but 
i t  does serve as an alarm signal drawing attention to a 
Possible cancer at an early stage. Patients with ap- 
Pal-ently healthy breasts and a questionable thermo- 
gram are kept under observation by routine follow-up 
eWninations, and each year between 35 and 50 cancers 
representing approximately 10% of our total are 
theltby detected at an earlier stage. Since the shortest 
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FIG. 4 .  Evolution of cancer in 461 patient\ considei-ed t o  hk1v.e 
benign mastopathy with Th I11 thermograms. Within the first t h o  
,years 9% were confirmed as cancer histologically and  a n  additional 
34% during the following two years. 

measured doubling time is about 45 days. consideration 
should be given to more frequent follow-up examina- 
tions by thermography, particularly in view of its com- 
plete safety, but the possible adverse psychological 
ieffects in certain selected instances should not be 
ignored. 

In screening for breast cancer a n  ahnormal thermo- 
gram should be regarded as a high risk factor requiring 
regular follow-up examinations. We are currently in the 
process of investigating possible correlation o f  ;in ab-  
normal thermogram with other high risk factors. How- 
ever, both medical and economic limitations must he 
taken into consideration when planning programs for  
early detection of breast cancer. Utilizing thermog- 
raphy in conjunction with accepted high risk factors 
and medical history may be a reliable way of sorting 
women into two groups. a larger one with the likeli- 
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FIG. 5.  Evolution of cancer in benign ma\topathy with stahle f h  
111 vc. progression to Th IV  and Th V.  Within the first three > e , m  
cancer was established in about 25% ofthe case\ and  within five \ e L m  
44% were confirmed a s  malignant. 
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FIG. 6. Case 1. Frontal and ohliqut 
(left vertical row) of 9/74 compared with 
views (right vertical row) of 7/75, Light 
represent warmer areas. Left nipple and 
hyperthermia. Th 111. progressing to 
hyperthermia of the entire left breast. 7 

hood of normal breasts and a small one in need of im- 
mediate investigation by other modalities and sequential 
follow up. This approach has proved to be effective by 
others,g and although we have not had the opportunity 
to engage in such a study it does seem reasonable. 

Based upon our experience and statistical findings in 
patients with Th I11 thermograms the following sug- 
gestions for their supervision are made: 

1. The thermographic interpreter should indicate the 
significance of the anomalies. Some of the abnormal- 
ities may be explained by anatomical differences; 
superficial veins may be responsible for vascular hyper- 
thermia; a hot spot may correspond to a scar or  skin 
lesion. Some benign diseases such as rapidly growing 
fibroadenomata or  cysts associated with inflammation 
may give rise to relative hyperthermia. Evaluation of 
the thermal anomalies in conjunction with simple 
physical data is important. 

2. Have appropriate complementary examinations 
performed. A diagnosis may be established by mam- 
mography, ultrasonography or  fine needle biopsy. One 

interesting technique consists of the following thermt 
dynamic test: 1) local cooling of the hyperthermic as e 
under standard conditions; and 2 )  measurement of t h  
subsequent re-warming rate. The latter variec c> 
ponentially with the heat supply from underlyin 
tissues and proved to be very high in cases of f a ,  
growing tumors. 

3. The recommendation for follow-up examinatior!: 
If all of the routine investigations remain negati't,c 
periodic re-examination is established. The first c0ntC.c 
examination should take place after one to thic 
months, depending on the clinical findings. Both !;I  

chronology and modalities of future examinatio~l 
should depend on the thermographic clinical pic 
gression. 

Our present findings corroborate conclusions ,J 
previous authors, especially those of Isard ci (11.. M 11 

state that "Thermography is an innocuous examinati ) I  

that can be utilized for preliminary screening of asyn- c: 
tomatic women to focus attention upon those w 1' 

should be examined more intensively because J 
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FIG. 7 .  Case 2. Frontal view of 5/74 (top) and 
mparable view of 8/76 (bottom). Irregular 
scular hyperthermia of the left breast, Th 111, 
ogressing to Th IV with nipple and areolar 
,perthermia. 

reater risk of breast cancer."" However, this com- 
lent can be amplified by noting that thermography 
ot only serves as a risk factor for cancer but also for a 
lore accurate estimation of neoplasms with a rapid 
rowth rate. Since doubling time of mammary carci- 
omas ranges from about 50-700 days, early effective 
reatment may be particularly important for the more 
apidly progressing lesions. 

Summary 

From approximately 58,000 patients, a group of 1,245 
vomen between the ages of 3 2  and 53 years was care- 

fully followed during a twelve year period because of 
a questionable thermogram, stage Th 111. and the re- 
sults are presented. 

Following initial physical and x-ray examinations. a\  
well as ultrasonic studies when indicated, a diagnosi\ 
of normal breasts was established in 784 women and 
benign mastopathy in 461. Subsequently malignancb 
was confirmed histologically in 38% of the normal 
group and 44% of the women with benign mastopathy. 
This remarkably high rate of cancer development in 
women with abnormal thermograms emphasizes the 
risk associated with thermal abnormality. 

Breast cancer can produce alterations in the mam- 
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FIG. 8. Metabolic heat production and growth rate of breast carci- 
nomas. The  data  was obtained by observing the progression of small 
cancers in patients who initially refused treatment and in whom a 
histological diagnosis was confirmed. Doubling time was evaluated 
by measurements of tumor sizes on successive mammograms, and 
heat production was computed by measurements of temperature and 
blood flow carried out  iti , i f i t  with fine needle probes. 

mary thermal pattern prior to clinical and mammo- 
graphic changes, and lesions with a rapid growth rate 
and less favorable prognosis can be detected earlier if 

thermographic studies are used in conjunction w 
classical physical and x-ray examinations. 

111 thermograms is suggested 
A program for the management of patients with 
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