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Abstract

also crystalline materials, using low energy X-ray.

Background: Using hair samples to analyze the trace element concentrations is of interest among many researchers. X-ray fluorescence
(XRF) and X-ray diffraction (XRD) are the most common methods in studying the structure and concentration of elements of tissues and

Objectives: In the present study, the detection ability of Wave Length X-ray Fluorescence (WLXRF) of breast cancer at early stages was
evaluated and the results were compared with other routine modalities such as mammography.

Materials and Methods: Hair samples of 54 women (including 27 healthy and 27 patients) with average age of 52.03 + 11.44 years were
analyzed. All the sample donors were Iranian women. For the measurements Wave Length X-ray Fluorescence (WLXRF) method was used.
Results: Trace elements in healthy individuals were higher than those in cancer patients. In addition, sensitivity of the used method
(WLXRF) was 96% compared to mammography (77%) as a gold standard for breast cancer detection.

Conclusions: Trace elements in healthy individuals were higher than cancer patients and it seems that WLXRF may be used as a safe, low
cost and reliable method with sensitivity higher than those of the other two relevant methods, XRD and mammography.

Keywords: Wave Length X-Ray Fluorescence (WLXRF), Breast Tissue, Human Hair, Non-Invasive

1. Background

Breast cancer is the most widespread neoplasm in wom-
en worldwide (1, 2). So, early detection of this type of neo-
plasm is vital and helps the medical staff for choosing the
best treatment strategy and planning (3, 4). Nowadays,
mammography is the gold standard and best modality
for diagnose or screening the breast cancer, which helps
the physician for early detection of this type of cancer (2).
Many studies have noted that, in addition to patient dis-
comfort and the imposed radiation hazards, false nega-
tive reports of mammography may lead to misdiagnosis
of breast cancer (5).

Trace element analysis is a common method for evaluat-
ing health state in living tissues (6, 7). As most of exertion
and also toxic materials which lead to disorders are accu-
mulated in body tissues such as hair. It seems that measur-
ing the concentrations of these elements can be a useful
method for diagnosis of such disease (6). Many studies
have reported that this type of analysis can be helpful for di-
agnosis of neoplasms and cancers (8-10). In this regard, the

trace element concentrations in epithelial (8), esophageal
(9), prostate (10) cancers have been studied and in most of
them, there was a significant relation between changes of
health state and amount of trace elements (10).

Using hair samples to analyze the trace element concen-
trations is of interest among many researchers (6, 10). X-
ray fluorescence (XRF) and X-ray diffraction (XRD) are the
most common methods in studying the structure and
concentration of elements of tissues and also crystalline
materials, using low energy X-ray (3).

For breast tissue, because of the importance of disor-
ders, researchers have published a considerable num-
ber of papers on using trace element analysis with the
above mentioned modalities (11-13). There are various
methods for analyzing trace elements and all of them
have their own advantages and disadvantages. There-
fore, comparative study between different methods
has been done and consequently concentration levels
in healthy individuals and cancer patients have been
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reported (14). Using Synchrotron Radiation X-ray Fluo-
rescence (SRXFA), researchers reported that Selenium
(Se) concentration in breast cancer patients is less than
those suffering hyperplasia; however, concentration of
Chrome (Cr) was higher than that in normal people (15).
When comparing trace elements in male and female
with Energy Dispersive X-ray Fluorescence (EDXRF),
studies have revealed that Cr, Cu and Mo concentration
in females is considerably higher than these elements in
males, but for Mn, Ni and Zn the concentration is higher
in males (16).

According to the literature, several published papers re-
ported using X-ray Diffraction (XRD) analysis of healthy
and also cancerous breast tissue (3,17-21).

2. Objectives

In the present study, comparing the mean concen-
tration ratio of Ca/Zn, Ca/Mg, Ca/P elements between
healthy women and those with breast cancer patients
was the main goal. In addition, the detection ability of
tube based X-ray fluorescence method in the presence
of early stages breast cancer was also evaluated and the
results were compared with mammography. Finally, the
sensitivity of tube based X-ray fluorescence method in
distinguishing normal and abnormal breast tissues was
also evaluated.

3. Materials and Methods

In this study, hair samples of 54 women (including
27 healthy and 27 cancer patients) who stayed in four
cancer treatment centers in Tehran, Iran was analyzed.
Healthy individuals were women who reported as
healthy in physical examinations and mammogra-
phy and cancer cases were among those patients that
showed positive mammography and pathology reports.
All of the donors were Iranian women aged between 33
- 79 years old (average 52.03 * 11.44 years). The hair sam-
ples were obtained from women who had no colored
hair for 6 weeks or more and hair samples of cancer
cases were collected from patients who had not under-
take chemotherapy and medicine therapy. Hair strands
were cut from occipital and parietal region of skull and
taken through sample preparation method introduced
by International Atomic Energy Agency (22). For clean-
ing the samples from any kind of external contamina-
tion, coded samples were washed with ethanol and dis-
tilled water for three times and then dried in an oven
for about 30 minutes at 80°C temperature. All samples
were cut with surgical stainless steel scissors into fine
pieces of about 2 mm and using a mortar, the samples
became powdered and dried in the oven for about 10
hours at an 80°C temperature (23). Then, the amount of
0.8 g of each powdered sample had pressed on a boric
acid (H;BO,, Merck Analysis grade, Germany) pellet with
4 cm diameter and 5 mm thickness using an automatic
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hydraulic press with 10,000 kg pressure (Herzog, Ger-
many). Figure 1 shows hair sample mounted on boric
acid.

For the measurements, Wave Length X-ray Fluorescence
(WLXRF) method was used. Sample holder pellets were
exposed to a PANalytical (formerly Philips), PW 2404
(PANalytical Inc., The Netherlands) with Rhodium anode
X-ray tube. Each sample was filled in special sample hold-
ers of XRF spectrometer with a circular exposure window
of 27 mm in diameter and exposed for 20 minutes.

Results of element concentration of healthy individuals
and breast cancer patients were proceed and statistical
parameters such as mean and standard deviation values
of Ca,Zn, Mg, and P elements were analyzed with IBM SPSS
(version 22.0, 2013) software. The Ca/Zn, Ca/Mg, and Ca/P
ratios were also compared in healthy and patient groups.

The WLXRF results of coded hair samples were analyzed
by XRF experts. Then, these results were matched with
donors’ health state data. The results of healthy indi-
viduals and cancer patient groups were compared with
mammography and pathology reports and based on the
results, the sensitivity of the method versus mammogra-
phy were also evaluated.

4.Results

Results of WLXRF analysis of hair samples belong to
healthy individuals and breast cancer patients including
the trace element concentration, range, mean, and stan-
dard deviation values of Ca, Zn, Mg and P for healthy indi-
viduals and patients are shown in Table 1. Superimposed
WLXREF curves (plots) of normal and patient related sam-
ples are also shown in Figure 2.

Figure 1. Hair Sample Mounted on Boric Acid
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Table 1. Element Concentration in Hair Samples of Healthy and Cancer Patients

Mean Concentration % Range + SD Mean Healthy/Mean Cancer Concentration
Ca 2.430
Healthy 4340 9.230 £1.948
Cancer 1.763 5.756 £1.197
n 1.514
Healthy 0.212 0.372+0.105
Cancer 0.140 0.818 + 0.151
Mg 1.430
Healthy 0.259 0.341+0.097
Cancer 0.181 0.371£0.102
P 1.249
Healthy 0.220 0.884 £ 0.158
Cancer 0.177 0.146 + 0.042
Means of Elements
keps 6621 -6 662-11 -6 45| 428
CaKA < 3"51
4.0 T 3
'r% 2.5
S 1
10  o0s 0.210.14 0.260.18 0.19 0.18
° Ca Zn Mg P
03 Elements
WW”WW NQWW%W&WMWWW Figure 3. Comparison Chart of Healthy Individuals and Breast Cancer
0.07— 110 ' 120 Patients for Mean Element Concentration
2Theta (*)
Table 2. Comparison Among Different Groups for WLXRF, in
keps66izl__c4 602114 Mammography and Pathology
Number of WLXRF Mammography Pathology
2.3 Patients p H P H P H
Healthy 27 2 25 4 23 NA 27
101 Cancer 27 26 1 21 6 27 NA
Sensitivity, % 9% 92 77 85 100 100
Abbreviations: H; Healthy, NA; not available, P; Patient.
0.3
Figure 3 demonstrates the comparison of mean ele-
ment concentration chart related to healthy individuals
00 50 60 and cancer patients. In addition, in each group, the re-
2Theta (") sults were compared with mammography and pathology
C e , report of each individual, which are shown in Table 2.
0.8451@62-1 -10 662-11_-10
5. Discussion
036) The results showed that the concentrations of all ele-
ments in the scalp hair samples of healthy individuals
0.161 were higher than cancer patients, indicated by the ratio
of mean healthy to mean tumor concentrations (Figure
0.04 L s 3). This result was compatible with previous studies that
o T have been performed using synchrotron X-ray fluores-
0.00L__ , . ' . cence (15). It seems that this evidence can be due to ele-
20 ZThzeia o 24 mental increase in the tumor site, so there is less accumu-

Philips PW2404 spectrometer

Figure 2. WLXRF Plots of Ca (a), Zn (b) and Mg (c) Related to Healthy (Red)
and Cancer (Blue) Individuals
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lation of elements far from the tumor (12).

As reported in Table 1, the mean concentration percentage
level for each element in healthy group is higher than that
of cancer group. The increase rate was the least for Pand the
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highest for Ca. For each element, using T-test for comparing 5. Theberge I, Chang SL, Vandal N, Daigle JM, Guertin MH, Pelletier E,
the mean concentration percentage level between he althy etal. Radi_ologist intgrpretive yolume anq breast cancer screening
o . accuracy in a Canadian organized screening program. | Natl Cancer
and cancer groups, the results showed significant differenc- Inst. 2014;106(3)djt461. doi:10.1093/jnci/djt461. [PubMed: 24598715]
es for Ca, Zn, Mg, except for Pwith no signiﬁcant difference. 6.  Czerny B, Krupka K, Ozarowski M, Seremak-Mrozikiewicz A. Screen-
When comparing the element accumulation in hair sam- ing of trace elements.m h;?lr of the female. population w1th'd1f.fer-
. . . ent types of cancers in Wielkopolska region of Poland. Scientific-
ples, as it can be seen from Figure 3, the highest amount of WorldJournal. 2014;2014:953181. doi: 10.1155/2014/953181. [PubMed:
element concentration, which revealed accumulation, was ;ﬁSi%‘lel]G hrouet D, Abdolahi M.Th | b hioh
. 7. ahbazi-Gahrouei D, Abdolahi M. The correlation between hi;
related to .Ca’ Mg.‘ Zn, and P, respectively. . background radiation and blood level of the trace elemer%ts
Comparing with XRD procedures which have been (copper, zing, iron and magnesium) in workers of Mahallat's hot
previously done on the mentioned hair Samples (3)' the [Spl‘LngS.dAdV Bil)meld Res. 2012;1:64. doi: 10.4103/2277-9175.100190.
DA o . R PubMed: 23326795
sensitivity of XRF (966) was hlgher than the sensitivity 8. Gumulec J, Masarik M, Adam V, Eckschlager T, Provaznik I, Kizek
of XRD (86%). But, from examination time point of view R. Serum and tissue zinc in epithelial malignancies: a meta-anal-
and the curve interpretation of the results, the method {;istﬁog 0"6-2014i9(6)3e99790'doii10~1371/1'0umalvpone-0099790~
. ubMed: 24941118
used here has longer time than that of XRD method. The 9. Keshavarzi B, Moore F, Najmeddin A, Rahmani E The role of sele-
sensitivity of the studied method is presented for both nium and selected trace elements in the etiology of esophageal
healthy and patient groups in Table 2. The sensitivity of cancer in high risk Golestan province of Iran. Sci Total Environ.
WLXRF method was also higher than that of COl‘anl‘lly ;;);3&236]89—97 doi: 10.1016(j.scitotenv.2012.04.033.  [PubMed:
used diagnosis method of mammography. 10.  Karimi G, Shahar S, Homayouni N, Rajikan R, Abu Bakar NF, Oth-
Therefore, in healthy state of breast tissue, XRF tech- {naI} MSBASSOCEMOI]I belt:/veen trace element and hzavy metal
. . . . evels in hair and nail with prostate cancer. Asian Pac | Cancer Prev.
nique may I?e used as an alternative non-invasive and 2012:13(9):4249-53, [PubMed: 23167323]
more sensitive method compared to other methods. It 1. Farquharson MJ, Geraki K, Falkenberg G, Leek R, Harris A. The locali-
should be noted that mammography has discomfort and IS)atiOH and micro-mapping (})1f copper and C;E;r trace E}{\emle;ts in
sogs . . . reast tumours using a synchrotron micro- system. adiat
radiation hazard, compared with the mOdahty used in Isot.2007;65(2):183—8Agdoi}:’101016/j.apradiso.20OgOS.OB.fII’)ubMed:
the present study, but mammography has better detec- 17052909]
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