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Study of in-vivo breast cancer in a subcutaneous xenograft mouse
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Abstract: Breast cancer (BC) is one of the most common diseases in women. The accurate detection
for BC is very important in clinical practice. In this paper, in-vivo breast cancer in a subcutaneous xe-
nograft mouse was studied with the continuous-wave terahertz (THz) reflection imaging system at
2.52THz. The high reflection region in THz images of in-vivo subcutaneous xenograft mouse corre-
sponded well to the tumor area in visible. The difference value of 15% between tumor and normal tis-
sues was observed. For the gold standard, the tumor areas at different depths from the surface of skin
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in mouse model were obtained by hematoxylin and eosin-stained images. The tumor areas increased

with the increase of depth. In contrast with THz image, it is found that the tumor area in THz image

was similar to that in hematoxylin and eosin-stained images at a depth of 460pum. Therefore, the detec-

tion depth of THz wave to in-vivo breast cancer in subcutaneous xenograft mouse model is about

460um, and THz wave is expected to realize the detection of deep tumors.
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Fig. 1 Schematic diagram of continuous THz wave reflection imaging system
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of THz wave. (a) The white dotted area is the tumor in contact with reflection window and (b) The black dotted area is the normal

tissue in contact with reflection window.
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Fig. 7 The freshly excised breast cancer tissue of mice
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Table 1 Tumor Sizes of Histological Images at different depths from the skin surface

BB (pm) i A (mm?) W (um) JiIE A (mm?) Y (um) i A (mm?)
d=200 1.50 d=400 4.50 d=800 28.50
d=260 2.25 d=460 8.25 d=860 53.25
d=320 2.75 d=520 8.80 d=920 70. 50
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Fig. 8 Staining images of freshly excised breast cancer tissue (NO. 1) at different depths from skin surface

)L T 2L A W W 2R ORI A S5 4 i 3 I AR
/N AR P T LA e R R A AR o P L B
o PRI AR o PR, R 2% S s S B AR A
S LR AR TR i 8 Je A I I AL P ] S A — oA AL
MW T A,

3 &g

MR AR 2. 52T Ha 14 3% B2 K 2% I I
SR R G, 52BN BT PSR A T A A SR A
%o WARGIRFW Kb 2% 07 3 SRR 5 KO 7L
i DI 5L DX A B 5 v T IR 48
M 25 R 2% I8 S SRS AR T 3 2 1 AR LB X
HA5 AR AT UL e DXSRAH AT o 3l 1 S0 ARG~ 2L
(256, UE I PR DX e ) 240 2 R s TR 2L H
it 9 DX S T €0 B T G W (o RUAE SR i A W 4 1
Xt R 2E A v SRR , SR T AR SE B UE W] T K
25 B AT 52 B — s TR 1 Bz T FLIR I 2 1
W o P I AT RI AR T B A 2% S S AR PR
Je— PP S B A Y A ST A AR AT AT HA R 5%
AN T &R A H U R S R

Reference

[1] Jemal A, Siegel R, Xu J, et al. Cancer statistics, 2010
[I]. Ca—a cancer Jjournal for clinicians, 2010, 60 (5) :
277-300.

[2] Feig S A, Hendrick R E. Radiation risk from screening
mammography of women aged 40-49 years [J]. Journal of
the National Cancer Institute Monographs, 1997, 22(22):
119-124.

[3] Brewer N T, Salz T, Lillie S E. Systematic review: the

long—term effects of false—positive mammograms [J]. An-

nals of internal medicine, 2007, 146(7): 502-510.

[4] Joseph C S, Patel R, Neel V A, et al. Imaging of ex vivo
nonmelanoma skin cancers in the optical and terahertz spec-
tral regions optical and terahertz skin cancers imaging [J].
Journal of Biophotonics, 2014, 7(5): 295-303.

[5] Grootendorst M R, Fitzgerald A J, Koning S G, et al. Use
of a handheld terahertz pulsed imaging device to differenti-
ate benign and malignant breast tissue [J]. Biomedical Op-
tics Express, 2017, 8(6): 2932-2945.

[6]JiYB, OhS]J, Kang S G, et al. Terahertz reflectometry
imaging for low and high grade gliomas [J]. Scientific Re-
ports 6, 2016: 36040.

[7]Sim Y C, Park ] Y, Ahn K M, et al. Terahertz imaging of
excised oral cancer at frozen temperature [J]. Biomedical
Optics Express, 2013, 4(8): 1413-1421.

[8] Png M G, Choi W], Nge HW B, et al. The impact of hydra-
tion changes in fresh bio—tissue on THz spectroscopic mea-
surements [ J]. Physics in Medicine and Biology, 2008, 53
(13): 3501-3517.

[9] Wesseling P, Kros M J, Jeuken J. The pathological diagno-
sis of diffuse gliomas: towards a smart synthesis of micro-
scopic and molecular information in a multidisciplinary con-
text [J]. Diagnostic Histopathology, 2011, 17 (11) -
486-494.

[10] Meng K, Chen T N, Chen T, et al. Terahertz pulsed spec-

troscopy of paraffin—embedded brain glioma [J]. Journal
of Biomedical Optics, 2014, 19(7): 077001.

[11] Yamaguchi S, Fukushi Y, Kubota O, et al. Origin and
quantification of differences between normal and tumor tis-
sues observed by terahertz spectroscopy [J]. Physics in
Medicine & Biology, 2016, 61(18): 6808-6820.

[12] G. Bindu, S. J. Abraham, A. Lonappan, et al. Detection
of dielectric contrast of breast tissues using confocal micro-
wave technique [J]. Microwave and Optical Technology
Letters, 2006, 48(6): 1187-1190.

[13] Ashworth P C, Pickwell-MacPherson E, Pinder S E, et
al. Terahertz Spectroscopy of Breast Tumors [ C]. Interna-

tional Conference on Joint International Conference on In-



560 AP/ NI Qb A 39 &

frared & Millimeter Waves, 2007.

[14] Bowman T, Shenaweea M E, Campbellb L. Regional spec-
troscopy of paraffin-embedded breast cancer tissue using
pulsed terahertz transmission imaging [ C]. Conference on
Optical Interactions with Tissue and Cells XXVII, 2016.

[15] Hassan A M, Hufnagle D C, Shenawee M E, et al. Tera-
hertz imaging for margin assessment of breast cancer tu-
mors [C]J. International Microwave Symposium Digest
IEEE Mit S International Microwave Symposium, 2012.

[16] Bowman T, Shenawee M E, Campbell L K. Terahertz
transmission vs reflection imaging and model-based char-
acterization for excised breast carcinomas []J]. Biomedical
Optics Express, 2016, 7(9): 375-3783.

[17] Bowman T, Walter A, El-Shenawee M. Margin assess-
ment of three—dimensional breast cancer phantoms using

terahertz imaging [ C]. Conference on Design and Quality

for Biomedical Technologies IX, 2016.

[18] Chen H, Chen T, Tseng T, et al. High—sensitivity in vivo
THz transmission imaging of early human breast cancer in
a subcutaneous xenograft mouse model [J]. Optics Ex-
press, 2011, 19(22): 1-2.

[19] Rahman A, Rahman K A, Rao B. Early detection of skin
cancer via terahertz spectral profiling and 3D imaging [ J].
Biosensors and Bioelectronics, 2016, 82: 64-70.

[20] Wallace V P, Fitzgerald A J, Shankar S, et al. Terahertz
pulsed imaging of basal cell carcinoma ex vivo and in vivo
[J]. British Journal of Dermatology, 2004, 151: 424

-432.

[21] Shenawee M E, Vohra N, Bowman T, et al. Cancer detec-
tion in excised breast tumors using terahertz imaging and
spectroscopy [J]. Biomedical Spectroscopy and Imaging ,

2019, 8: 1-9.



