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Recently, some US providers of infrared diagnostic services
received warning letters from the FDA due to the claim that
infrared thermal imaging as ‘stand-alone’ procedure, is it-
self sufficient to diagnose breast cancer [1]. Phil Hoekstra,
past president of the American Academy of Thermology
expressed his consent with the FDA to regulate the activities
of irresponsible users of infrared thermography [2].

However, another statement of Dr Hoekstra “any objective
review must conclude that Diagnostic Infrared Imaging as a screen for
breast cancer is beyond any investigational level of development.” may
raise further discussion as infrared thermal imaging is not
recommendend by any recent guideline for breast cancer
screening . A review discussing supplemental screening me-
thod s for breast cancer, concluded “because of the lack of any
proven efficacy, thermography has no validated role in screening.” [3].
Brodersen et al stated in a critical review on the benefits and
harms of screening “that no randomized trials have been conducted
for screening for breast cancer with thermography, ultrasound or mag-
netic resonance imaging” [4]. The also argue that “observational
studies are notoriously unreliable for estimating the benefits of cancer
screening”. A group of Australian authors could not find “eli-
gible papers for CT scanning, magnetic resonance spectroscopy (MRS),
scintimammography, electrical impedance, infrared spectroscopy, light
scanning, positron emission tomography, or thermography“ [5]. Lee et
al. also mentioned that “no large peer-reviewed studies support the
routine use of other imaging techniques such as thermography, PET,
transilumination, electrical impedance scanning or optical imaging for

breast cancer screening “[6]. None of these imaging modalities
is endorsed by the American College of Radiology or the
Society of Breast Imaging. [6](Table 1)

For understanding the reasons, why thermography is not a
recognised method for breast cancer screening, the termi-
nology and methodology of medical screening is briefly
reviewed.

What is screening ?
Nicholas J Wald gave the following definition in 1994:
“Screening is the systematic application of a test or enquiry to identify
individuals at suffcient risk of a specific disorder to warrant further
investigation or direct preventive action, amongst persons who have
not sought medical attention on account of symptoms of that disor-
der.“[7]. A similar definition ”routine periodical investigation of
large non symptomatic strata of the population” was adapted by
the German epidemiologist N.Becker (8) from Union
Internationale Contre le Cancer (UICC). The screening
procedure results in high probablity of having or not hav-
ing the disease, and must be differentiated from early di-
agnosis of disease usually performed after positive scree-
ning or after an health check based on individual request.
A positive screening result leads to diagnostic mammogra-
phy eventually supplemented by ultrasound or magnetic
resonance imaging. Finally, the diagnosis of cancer has to
be confirmed by histology based on a biopsy from the sus-
pected area of the breast.

The aim of screening for breast cancer is the reduction of
mortality. This can be achieved by detection of the tumour
in the preclinical, non symptomatic phase of the disease.
Other outcomes such as survival time or distribution of
tumour stage should not be used for the evaluation of an
effective screening method. In addition, only prospective
randomised studies which compare different screening
tests, lead to unbiased results. Observational and retro-
spective studies do not allow to conclude on the effective-
ness of a screening test.

Other important screening criteria are sensitivity, specific-
ity and predictive value. While sensitivity is a measure how
many investigated subjects have the suspected disease,
specificity provides a figure of healthy subjects or respec-
tively of subjects who do not carry a marker of the dis-
ease. Sensitivity and specificity are usually calculated from
the distribution of true positive, true negative, false posi-
tive and false negative cases. Predictive values can be de-
rived from true and false case, but they depend also on the
prevalence of the disease in a given sample.
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Table 1
Imaging modalities not recomendend for breast screening

Brodersen
et al 2010

Irwig et al,
2004

Lee et al
2010

ultrasound X

MRI X

thermography X X X

CT scanning, X

magnetic resonance
spectroscopy(MRS) X

scintimammography X

electrical impedance X X

infrared spectroscopy X

light scanning, X X

positron emission
tomography, X X



Risks of screening
Gotzsche and coworkers described the benefits and risks of
mammography screening for breast cancer, as follows [9]

� If 2000 women are screened regularly for 10 years, one will benefit
from the screening, as she will avoid dying from breast cancer

� At the same time, 10 healthy women will, as a consequence, become
cancer patients and will be treated unnecessarily. These women will
have either a part of their breast or the whole breast removed, and
they will often receive radiotherapy and sometimes chemotherapy

� Furthermore, about 200 healthy women will experience a false
alarm. The psychological strain until one knows whether it was
cancer, and even afterwards, can be severe.

A review from 2009 reported estimates of breast cancer
mortality reduction in range between 24 and 48 % after cor-
rection for selection bias [10]. However, the observed reduc-
tion of mortality must not be explained as an effect of
screening only, as adjuvant treatment contribute to mortality
reduction in the same amount as the screening programme.

A recent analysis of the intention-to-treat results found an
overall relative reduction in breast cancer mortality of 19%
[11]. However, ther authors stated that benefits and harms,
particularly over-diagnosis, need to be balanced as they dif-
fer by age-groups.

The guidelines of United States Preventive Services Task
Force for breast cancer screeing, first published in 2002,
have been revised in2009, when some important changes in
recommendations have been made (table 2). A survey
among gynecologic care providers.on their knowledge of
and adherence to the revised cancer screening guidelines
reported relatively low awareness of the revised guide-
line[12].

Screening with thermography
A health technology asssement report, published 2004 in
New Zealand investigated two objectives: Firstly, what is
the international evidence on the effectiveness, benefits,
harms and costs of using infrared thermography as a
screening tool for breast cancer and secondly, what is the
international evidence on the effectiveness, benefits, harms
and costs of using infrared thermography as an adjunctive

diagnostic tool for breast cancer? [13].The report accepted
only one study for the screening topic [14] and two others
for the topic adjunctive diagnosis [15,16].

Although several authors reported large samples of pa-
tients investigated with infrared thermography for breast
cancer, none of these studies was conducted in a systematic
way and with a proper study design.

Gautherie & Gros reported the course of disease of 1,245
women with stage III thermograms at the initial examina-
tion. These cases were selected from approximately 58 000
women examined between 1965 and 1977. It is not de-
scribed if the women were recruited through a systematic
screening programme or were collected from individual re-
quests for breast health checkings “Of the 1,527 Th III pa-
tients, 784 (51%) had no abnormal physical, mammographic or
echographic findings; 461 (30%) had conditions diagnosed as benign
disease, mainly cystic mastopathy; and 282 (18%) had conditions
promptly confirmed histologically as cancer From among the 784 ap-
parently normal women, malignancy was detected in 177 within the
first two years following initial examination, and an additional 121
cases were found during the following two years.” [17] Unfortu-
nately, details how the follow up was conducted, especially
which finding resulted in a request for biopsy, are not pro-
vided. It remains unclear whether the mammography or
the ultrasound image changed from normal to abnormal
and how many of these suspicious findings have been con-
firmed by histology.

Agnes Stark and Stanley Way reported a large retrospective
study in which 4621 women who deliberately asked for
breast cancer screening were investigated by thermography
and clinical breast examination[18]. Abnormal thermo-
grams have been recorded in 628 women and these women
were further investigated by mammography. Of these 628
mammograms 198 were considered negative, 326 abnor-
mal but negative for malignancy, representing a false posi-
tive rate of 524/4621 = 11,3%. 42 mammograms were
positive for malignancy and biopsy was performed result-
ing in 27 cases of cancer. 62 mammograms were consid-
ered suspicious of malignancy. During follow up.of the
suspicious casese 9 other breast cancers have been de-
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Table 2
Comparison of 2002 and 2009 USPSTF (=United States Preventive Services Task Force)breast cancer screening recommendations
(modified from Hinz et al [12])

2002 USPSTF guidelines 2009 USPSTF guidelines

Age to begin mammograms 40 years 50 years

Frequency of mammograms Annually Every 2 years

Age to end regular mammogram screening No recommended age to stop screening
Insufficient evidence to assess benefits
and harms of screening mammography

in women aged ��� years

Clinical breast examination (CBE)
Insufficient evidence to recommend for
or against routine CBE alone to screen

for breast cancer

Insufficient evidence to assess additional
benefits and harms of CBE beyond
screening mammography in women

aged � 40 years

Self breast examination (SBE) Insufficient evidence to suggest for or
against either CBE or SBE Recommends against SBE



tected. The true positive rate of thermography for histolo-
gically confirmed breast cancer was 36/4621 or 0.8%., the
corrected false positive rate was 12.8%. 7 women without
pathological findings in thermography and clinical exami-
nation developed breast cancer within 12 month after
screening, therefore the false negative rate was equal to
0.015% and true negative rate was 86.1%.

An analysis of 16000 self-referred women found thermo-
graphy less effective than mammography in the detection
of small preclinical breast malignancies [19]. Biopsy was
performed in 406 patients, 139 of them had histologically
confirmed breast cancer. Although 17.9% (2864 patients)
of all women had a positive thermogram, only 39% (54
cases) of all the proven cancer cases had a pathological
thermogram. Mammography was positive in 91% of all de-
tected malignancies.

Lloyd Williams conducted a study on breast screening
com- paring thermography and clinical examination [14],
Sus- picius cases have been referred to mammography . Pa-
tients were examined again after a period of 5 years, A pos-
itive thermogram was found in 2681 (26.2%) of 10229
women at their screening visit. For thermography true pos-
itive rate was 0.35 %, false positive rate was 26.0%, false
negative rate0.25% and true negative rate was 74:0%.

None of these studies hat a randomised design, but all con-
cluded that differentiation of breast diseases is not possi-
ble by thermography. Originaly included in all breast cancer
screening programmes conducted in the seventies of the
20th century, infrared thermal imaging was abandoned due
to its low diagnostic sensitivity {14].

No systematic screening with modern focal plane thermal
imagers was performed yet [13]. However, a number of re-
cent publication proposed infrared thermal imaging as ap-
propriate technique for breast cancer screening, but in
their arguments the authors confused screening with early
diagnosis [20,21,22]

Adjunctive diagnosis by thermography
Keyserlingk et al reported a retrospective chart review se-
lecting 100 women with either ductal carcinoma in situ (4
patients), invasive breast cancer stage 1 (42 patients) or
stage 2 cancer (54 patients). All selected patients had re-
ceived clinical breast examination, infrared thermography
and mammography [15]. 61% of all patients had a suspi-
cious palpable abnormality, 34% had an equivocal finding
at palpation and only 5 women hand a non specific exam.
Mammography was considered suspicious for cancer in
66%, while 19% were contributory but equivocal and 15%
were considered nonspecific. Minor variations in infrared
imaging were observed in 17% and 83% presented with 1
(34%, 2 (37%) or 3 (12%) thermal abnorrmalities. In addi-
tion, a sample of 100 women with benign histology were
incompletely reported. Only 19 patients had normal find-
ings in infrared thermography prior to biopsy. While only
30 % had preoperatively abnormal mammography, the in-
dications for surgery in these 100 patients with benign
breast disease remains unclear.

The frequently cited stud by Pariski used mammograms for
the definition of regions of interest in infrared images [16].
The thermograms were evaluated by a software program-
me generating and index of suspicion of malignant disease.
Information on the decision structure of the used algo-
rithm is not provided. As 40% of recruited patients have
been excluded from analysis, sensitivity of infrared imaging
might have been overestimated. Details on mammography,
clinical examination or ultrasound (in 45% of recruited pa-
tients) have not been provided.

Arora et al. applied infrared thermal imaging in a prospec-
tive clinical trial in 92 patients for whom a breast biopsy was
recommended based on prior mammogram or ultrasound
[23]. Based on thermal features, which are not described in
the study, three scores were generated: an overall risk score
ranging from 0 to 7 (screening mode) , a clinical score based
on patient information, and a third assessment by artificial
neural network. Sixty of 94 biopsies were malignant and 34
were benign. Thermography identified 58 of 60 malignan-
cies with 90 to 97% sensitivity and 12 to 44% specificity de-
pending on the mode used. The low specificity of thermal
imaging is due to high numbers of false positive cases.

Wishart et al. reported also a study in which patients were
investigated by thermal imaging prior to breast biopsy [24].
100 women with a mean age of 57 (33 to 87) years had in to-
tal 106 biopsies, comprising 65 malignant and 41 benign
findings. Analysis of the infrared scans was performed,
blinded to biopsy results, in four different ways: screening
report, artificial intelligence (neural network) expert man-
ual review and a novel artificial intelligence programme.
The screening report achieved a diagnostic sensitivity of
53% and specificity of 41 %. The neural network evalua-
tion had with 48% a lower sensitivity than the screening
programme but a much better specificity of 78%. Both the
expert review and the modified artificial intelligence pro-
gramme found a specificity of 48% and sensitivity of 78%
and 79% respectively. Infrared imaging performed better in
women younger than 50 years (21 patients) than in patients
between 50 and 70 years (74 women)as in the latter group
specificity was best in the modified artificial intelligence
programme with 37%. However, due to the low number of
younger patients the diagnostic power might be overesti-
mated.

The most recent publication on the diagnostic value of
thermal imaging for malignant biopsy findings was con-
ducted in England [25]. Infrared thermograms were re-
corded prior to indicated breast biopsy, the thermograms
were evaluated by an experienced physician and the results
were compared with the histological findings. Thermo-
graphy had 90 true-negative, 16 false-positive, 15 false-neg-
ative and 5 true-positive results. The sensitivity was 25%,
specificity 85%, positive predictive value 24%, and negative
predictive value 86%. The authors concluded that thermo-
graphy "is not indicated for the primary evaluation of symptomatic

patients nor should it be used on a routine basis as a screening test for

breast cancer ".
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Conclusion
Despite numerous publications on breast thermography,
the available evidence does not allow to recommend ther-
mal imaging for neither screening nor adjunct diagnosis of
early breast cancer.
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