O

BiolVled Central

Research article

Temperature differences are associated with malignancy on lung
lesions: a clinical study

Christodoulos Stefanadis*!, Christina Chrysohooul,

Demosthenes B Panagiotakos!, Elisabeth Passalidou?, Vasiliki Katsi!,
Vlassios Polychronopoulos? and Pavlos K Toutouzas!

BIVIC Cancer

Address: 'Hippokration Hospital, School of Medicine, University of Athens, Athens, Greece and 2Department of Pneumonology, Sismanoglio
General Hospital, Athens, Greece

Email: Christodoulos Stefanadis* - cstefan@cc.uoa.gr; Christina Chrysohoou - chrysohoou@usa.net;
Demosthenes B Panagiotakos - d.b.panagiotakos@usa.net; Elisabeth Passalidou - chrysohoou@usa.net; Vasiliki Katsi - chrysohoou@usa.net;
Vlassios Polychronopoulos - chrysohoou@usa.net; Pavlos K Toutouzas - chrysohoou@usa.net

* Corresponding author

Received: 17 October 2002
Accepted: 6 January 2003

Published: 6 January 2003
BMC Cancer 2003, 3:1
This article is available from: http://www.biomedcentral.com/1471-2407/3/1

© 2003 Stefanadis et al; licensee BioMed Central Ltd. This is an Open Access article: verbatim copying and redistribution of this article are permitted in all
media for any purpose, provided this notice is preserved along with the article's original URL.

Abstract

Background: Although new endoscopic techniques can enhance the ability to detect a suspicious
lung lesion, the primary diagnosis still depends on subjective visual assessment. We evaluated
whether thermal heterogeneity of solid tumors, in bronchial epithelium, constitutes an additional
marker for the diagnosis of benign and malignant lesions.

Methods: A new method, developed in our institute, is introduced in order to detect temperature
in human pulmonary epithelium, in vivo. This method is based on a thermography catheter, which
passes the biopsy channel of the fiber optic bronchoscope. We calculated the temperature
differences (AT) between the lesion and a normal bronchial epithelium area on 22 lesions of 20
subjects, 50 — 65 years old.

Results: Eleven lesions were benign and || were malignant, according to the biopsy histology
followed the thermography procedure. We found significant differences of AT between patients
with benign and malignant tumor (0.71 £ 0.6 vs. 1.23 £ 0.4°C, p < 0.05). Logistic regression analysis
showed that |-Celsius degree differences between normal tissue and suspicious lesion six-fold the
probability of malignancy (odds ratio = 6.18, 95% CI 0.89 — 42.7). Also, AT values greater than
1.05°C, constitutes a crucial point for the discrimination of malignancy, in bronchial epithelium,
with sensitivity (64%) and specificity (91%).

Conclusion: These findings suggest that the calculated AT between normal tissue and a neoplastic
area could be a useful criterion for the diagnosis of malignancy in tumors of lung lesions.

Background

Each year, primary carcinoma of the lung affects more
than 150,000 persons in the United States, making it a
major health problem and the leading cause of cancer [1].
Usually the clinical diagnosis of the type of lesion (in-
flammatory, malignancy) is made, with direct fiberoptic
bronchoscopic examination and the suspicious tissue
evaluation through histological biopsy. Although new en-

doscopic techniques, including chromoscopy, fluores-
cence, scattering and Raman spectroscopies, optical
coherence tomography, ultrasound and isotope scanning
can enhance the clinical endoscopist's ability to detect a
suspicious lung lesion, the primary diagnosis still depends
on subjective visual assessment [2]. Some investigators
have reported temperature measurement of a suspicious
area and even a balloon catheter technique has been intro-
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Figure |

The steerable thermography catheter. The proximal edge of the catheter with the connector and the distal part of the catheter

with the polyamide thermistor (Th)

duced for mediastinal temperature in the azygos vein dur-
ing hyperthermic cancer treatment with rather accurate
results [3]. However, till today there has not been intro-
duced an easy, safe technique that can increase the diag-
nostic ability of the bronchoscopic procedure.

The purpose of this study is to investigate the existence of
thermal heterogeneity in bronchial lesions, in vivo, and to
test the hypothesis whether there is any thermal distinc-
tion between benign, and malignant lung lesions.

Methods

A clinical study was conducted for the purposes described
above. A thermography catheter was applied in 20 consec-
utive subjects who underwent bronchoscopy to identify
the type of a suspicious lung lesion detected in other par-

aclinical tests (X-ray, CT). The endoscopic procedure was
accomplished with a direct vision flexible fiber optic
bronchoscope (model Karl Storz). In order to measure the
local temperature of bronchial epithelium, we applied a
thermography catheter (Figure 1), which has been devel-
oped in our institute. According to previous experience
with a special thermography catheter for the detection of
thermal heterogeneity within human atherosclerotic cor-
onary arteries in vivo [4,5] and in urinary bladder [6], we
designed a modified thermography catheter, compatible
with the bronchoscope. The polyurethane catheter is 4
French (1 French = 0.33 mm) in diameter and has the
thermistor probe (Microchip NTC Thermistor, model
100K6 MCD368, BetaTHERM, Ireland), 0.457 mm in di-
ameter attached to its distal part. The gold-plated lead
wires of the thermistor pass through the shaft and end in
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Table I: Temperature differences and histopathological characteristics of the investigated lesions

Malignant tumors

Benign tumors

AT (°C) Histopathology AT (°C) Histopathology
Case | 0.80 NSCLC 0.3 Inflammation
Case 2 0.70 NSCLC 1.20 Inflammation
Case 3 1.19 SCLC 1.70 Inflammation
Case 4 0.76 NSCLC 0.70 Inflammation
Case 5 1.55 SCLC 0.09 Inflammation
Case 6 1.40 SCLC 0.30 Inflammation
Case 7 2.10 SCLC 0.18 Inflammation
Case 8 1.09 NSCLC 0.15 Inflammation
Case 9 1.50 NSCLC 1.40 Inflammation
Case 10 1.4 SCLC 0.21 Inflammation
Case || 0.80 NSCLC 1.60 Inflammation

NSCLC = non-small cells lung cancer, SCLC = small cells lung cancer

a connector at the distal part of the thermography cathe-
ter. The technical characteristics of the polyamide thermis-
tor, according to the manufacturer BetaTHERM Industry,
include:

- temperature accuracy of 0.05°C, measured for whole
system,

- a time constant of 300 msec, measured for whole system
- spatial resolution of 0.5 mm, and

- linear correlation of resistance vs. temperature over the
range of 33-43°C.

The thermistor leads are connected to a digital multimeter
(Protek 506) with an RS232C interface. The multimeter is
connected to a personal computer (200 MHz Intel Pen-
tium) and the resistance is displayed on real time. Resist-
ance changes are correlated with temperature changes
according to the Steinhart-Hart equation [7]. Finally, after
the conversion of resistance values to temperature values
the temperature variations are demonstrated on the screen
of a personal computer, in which all data are stored.

The catheter was inserted through the biopsy channel of
the bronchoscope and its distal part with the attached
thermistor was guided to come in touch with the bronchi-
al epithelium. The contact of the thermistor probe was at
two sites of any suspicious lesion and also at four sites of
the normal epithelium. We also scanned with the thermis-
tor probe an area of 3 to 5 cm beyond the limit of any sus-
picious area. In each patient approximately 200
temperature measurements were obtained and recorded.
Afterwards, we calculated the temperature difference be-

tween the sites of the normal tissue, and every suspicious
gastric lesion, as the histopathology evaluation confirmed
it. This temperature difference is referred as AT for every le-
sion.

Bronchial epithelium biopsies were routinely obtained in
every lesion with increased temperature or abnormal en-
doscopic image. Also, bioptic specimens were collected
for histopathological evaluation from the seemingly nor-
mal epithelium, where temperature was measured, in or-
der to exclude the existence of carcinoma in situ or
inflammation lesion. The evaluation was performed by
two separate pathologoanatomists who were unaware of
the results of the temperature measurement. Malignant
tumors were graded according to the World Health Or-
ganization classification [8].

The values of temperature differences presented as mean
+ one standard deviation (SD). According to the applied
power analysis 12 lesions in each group are needed in or-
der to evaluate temperature differences > 0.5 oC (SD 0.1)
at 5% probability level and with statistical power equal to
70%. Due the small number of cases the analysis was
based on the calculation of the non-parametric criterion
of Mann-Whitney [9]. Simple logistic regression analysis
was applied in order to evaluate temperature differences
on the probability (i.e. odds ratio, OR) of the detection of
malignancy. Finally, cut-off point analysis was used in or-
der to determine the optimal value of the AT that differen-
tiate malignant from benign lesions. In particular, the
crucial point defined by the largest distance from the diag-
onal line of the receiver operating characteristic curve
(ROC) (sensitivity x {1 - specificity}) [10]. All reported p-
values are from exact two sided tests. STATA release 6
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Box — Whisker plots showing the median, the interquartile range and the 2.5th — 97.5th percentile of the temperature differ-

ences, between the groups of the participants.

(STATA Corp. College Station, Texas, USA) was used for
the statistical calculations.

Results

We studied 20 patients, 14 males (50 - 65 years old) and
6 females (50 - 65 years old) and we measured tempera-
ture differences in 22 lesions. None of the patients was un-
der chemotherapeutic or other immunosuppressive
medication and all of them had normal body temperature
during the bronchoscopic examination. The procedure
was brief and uncomplicated for all the patients who had
signed an informed consent, according to bio-ethical prin-
ciples in medical research and the declaration of Helsinki
(Revised 1983). Based on the histopathology findings that

followed the thermography procedure (see Table 1), 11 le-
sions were benign showing chronic inflammation and 11
were malignant infiltrated tumors (6 of them had non-
small cells lung cancer).

According to our measurements in benign (chronic in-
flammation) lesions the mean temperature differences
was 0.71 + 0.6°C, while in malignant tumors AT was
found 1.23 + 0.4°C (p < 0.05) (Figure 2). Moreover, AT
was a significant marker for the discrimination of the type
of malignant or benign lesion. In particular, one-Celsius
degree difference between normal tissue and suspicious
lesion six fold the probability of malignancy (OR = 6.180,
95% CI 0.89 - 42.7). Finally, the cut-off point analysis
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showed that AT greater than 1.05°C constitutes a crucial
point that discriminates with accuracy (sensitivity = 64%,
specificity = 91%, area under the ROC curve = 0.851, p <
0.001) a malignant from a benign lesion. It seems that the
percentage of individuals without malignancy that are
correctly classified (specificity) by the suggested proce-
dure is high, while the percentage of individuals with ma-
lignancy who are correctly classified (sensitivity) seems
smaller.

Discussion

Here, we measured thermal heterogeneity in malignant
and benign bronchial epithelium lesions, in vivo, through
a catheter-based technique. The analysis showed that in-
creased temperature is significantly associated with the
presence of malignancy. It is worth noting that, changes of
temperature between normal tissue and the lesion of in-
terest greater than 1.05-degree, increases the risk of having
malignant lesion.

Other investigators have also revealed thermographic
findings in the diagnosis of cancer [11-14]. However,
submucosae preneoplastic or dysplastic lesions still re-
main, in some cases, difficult to be diagnosed by the en-
doscopic examination in clinical practice. Regional
hyperthermia of a lesion seems to reflect the degree of an-
giogenesis and several investigators have featured ultra-
sound or other methods to prove the increased blood flow
[15]. Even more, thermographic findings have been noted
in inflammatory cases [16], mostly in complicated forms
of the disease or in aggravation of the inflammatory pro-
cedure.

In this study we revealed that thermal heterogeneity in-
creases from benign lesions to malignancy, supporting the
involvement of temperature rise. Even more, the high spe-
cificity of this technique reflects its ability to distinguish a
non-malignant bronchial lesion, during conventional
bronchoscopy. Furthermore, the use of steerable thermog-
raphy catheter gives the ability to measure the tempera-
ture of lesions that are difficult to detect during
conventional endoscopy. Unfortunately, we did not have
among the malignant lesions preneoplastic or submu-
cosae cases, so we could not reveal the diagnostic ability
of the suggested procedure in these conditions.

Conclusion

In conclusion, thermographic techniques that can localize
the thermal heterogeneity of bronchial epithelium, in vi-
vo, may prove useful in clinical practice, in revealing in-
flammatory or neoplastic alterations and even in guiding
the extraction of biopsy specimens in suspicious high
temperature lesions.
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