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Abstract

In this study, we proposed and designed a transmission mode polarized hyperspectral imaging
microscope (PHSIM). The hyperspectral imaging (HSI) component is based on the snapscan with
a hyperspectral camera. The HSI wavelength range is from 467—700 nm. Polarized light imaging
is realized by the integration of two polarizers and two liquid crystal variable retarders (LCVR),
which is capable of full Stokes polarimetric imaging. The new imaging device was tested for the
detection of squamous cell carcinoma (SCC) in H&E stained oral tissue slides of 8 patients. One
normal area and one cancerous area on each slide are selected to make the comparison. The
preliminary results indicated that the spectral curves of the Stokes vector parameters (S0, S1, S2,
S3) of the normal area on the H&E stained oral tissue slides are different from those of SCC in
certain wavelength range. Further work is required to apply the new polarized hyperspectral
imaging microscope to a large number of patient samples and to test the PHSIM system in
different cancer types.
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1. INTRODUCTION

Polarization imaging is an effective optical imaging technique to explore the structure and
morphology of biological tissues through obtaining their polarization characteristics. It can
acquire two-dimensional space polarization information of the tissue, which reflects various
physical properties of the tissue, including surface texture, surface roughness, and surface
morphology information [1, 2, 3, 4, 5]. Hyperspectral imaging, an optical imaging method,
which originally was used in remote sensing, recently has been extended to the application
in several other promising fields, including biomedical applications [6]. Hyperspectral
imaging acquires the spectrum on the pixels of 2D images, then construct the 3D data cube,
where rich spatial and spectral information can be obtained. Polarized hyperspectral imaging
is a combination of polarization measurement, hyperspectral analysis, and space imaging
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technology, which can obtain the polarization, spectral and image information of the object
simultaneously [7, 8, 9]. Our group has developed several algorithms for the head and neck
cancer detection based on hyperspectral imaging methods, which include principle
component analysis (PCA) [10], tensor-based computation and modeling [11], the
incorporation of SVM into a minimum spanning forest [12, 13], non-negative matrix
factorization (NMF) [14], the combination of super pixels, PCA, and SVM [15], and
convolutional neural networks (CNN) [16, 17, 18]. Although polarized light imaging
methods have also been adopted in head and neck cancer detection [19, 20, 21, 22, 23],
polarized hyperspectral imaging has not been reported for cancer applications.

With the development of information processing technology, a single optical characteristic
acquisition method has been unable to satisfy the needs in biomedical imaging for diseases
diagnosis. Therefore, the traditional optical imaging methods are constantly improved, so
that more information of the tissue can be obtained. This study aims at developing a novel
dual-modality microscope, combining polarized light imaging and hyperspectral imaging
techniques, for head and neck cancer detection.

METHODS

2.1 System setup

The home-made polarized hyperspectral microscopy operates in the visible spectral bands
and was developed for histopathologic analysis (Figure 1). Acquisition of hypercube is
realized by a snapscan method. In the snapscan acquisition method, the CCD detectors in the
camera move while the sample stays still. Polarimetric imaging is realized by the two
polarizers and two liquid crystal variable retarders (LCVR). The system is capable of full
Stokes polarimetric imaging, which produces all four components of the Stokes vector.
Thus, the system can completely define the transmitted light regarding the intensity and
polarization properties.

2.2 Data acquisition and processing

Polarized light imaging is realized by the two polarizers and two LCVRs. The system is
capable of full Stokes polarimetric imaging, which produces all four components of the
Stokes vector. Thus, the system can completely define the reflectance regarding the intensity
and polarization properties. The way to calculate the four elements of Stokes vector (SO0, S1,
S2, S3) is expressed in the following equation:

S0=1I,+1,

Sl=1,-1, W
S2=1Ip+1,—1,45

S3=1;.+ 1,

where /5 represent the light intensity measured with a horizontal linear analyzer, in which
the retardations of LCVR 1 and LCVR 2 are both set at 0 rad. /, represents the light
intensity measured with a vertical linear analyzer, in which LCVR 1 is set at O rad
retardation and LCVR 2 is set at 1t rad retardation. /45 represents the light intensity
measured with a +45 degrees oriented linear analyzer, in which LCVR 1 and LCVR 2 are
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both set at /2 rad retardation. /;, represents the light intensity measured with left circular
analyzer, in which LCVR 1 is set at 0 rad retardation and LCVR 2 is set at 1t/2 rad
retardation. /.. represents the light intensity measured with right circular analyzer, in which
LCVR 1is set at e rad retardation and LCVR 2 is set at /2 rad retardation.

Hyperspectral imaging works simultaneously with polarized light imaging which is realized
by snapscan, and the structure of the acquired polarized hyperspectral data cube is shown in
Figure 2.

2.3 Experimental Design

Before collecting the full-polarization hyperspectral imaging data cube of the tissue slides,
validation of the imaging system is a necessary step. We took a quarter wave plate and
validated our polarized hyperspectral imaging microscope according to the method proposed
in [25]. In the validation experiment, we rotated the quarter wave plate from 0 to 180
degrees at 10 degrees increment, and acquired one polarized hyperspectral data cube under
each orientation. As is described in [24], fresh surgical tissue samples were obtained from
patients who underwent surgical resection of head and neck cancer. Of each patient, a
sample of the tumor, a normal tissue sample, and a sample at the tumor-normal interface
were collected. There are totally 192 tissue specimens obtained from 84 patients. Fresh ex-
vivotissues are fixed, paraffin embedded, sectioned, stained with haemotoxylin and eosin
(H&E), and digitized using whole-slide scanning. A boardcertified pathologist with
expertise in H&N pathology outlined the cancer margin on the digital slides using Aperio
ImageScope (Leica Biosystems Inc, Buffalo Grove, IL, USA).

We chose 8 slides from 8 patients in this preliminary experiment, in which one normal area
and one cancerous area are selected on each slide to be imaged under the polarized
hyperspectral imaging microscope. The spectral curves of the Stokes vector parameters (SO,
S1, S2, S3) are extracted from the images of normal and cancerous areas to make the
comparison.

3. RESULTS

In order to validate the polarized hyperspectral imaging microscope, we measured the
Stokes vector of a quarter wave plate (Thorlabs, AQWP05M-600), and compared our results
to the standard result in [25]. As shown in Figure 3, the results demonstrated that the
polarized hyperspectral imaging microscope is capable for measuring the Stokes vector of
sample under different wavelengths.

We first acquire images of /4, /., /+45, /- and then derive Stokes vector parameters S0, S1,
S2, S3. Figure 4 demonstrates the synthetic RGB images based on three wavelengths (486
nm, 552 nm, 700 nm) of SO, S1, S2, S3 from a normal area and a cancerous area on the same
oral tissue slide. Figure 5 demonstrates the average spectral curves with standard deviations
of SO, S1, S2, S3 from 8 different slides of 8 different patients. The spectral curves of SO,
S1, S2, S3 are plotted by averaging a random selected ROI of 100 x100 pixels. The curves
for SO, S1, S2, and S3 all have their own peak values, which should be caused by the
absorption of hemoglobin and the variance of scattering effect due to the change of nuclei to
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cytoplasm ratio. Two sample two tailed T test is applied to the values of SO, S1, S2, S3 at the
wavelength of 486 — 700 nm for the normal and cancer tissue. As shown in Figure 6, there is
a significant difference of SO (P<0.05) between normal and cancer tissue at the wavelength
range of 486 — 700 nm. There is also a significant difference of S1 and S2 (P<0.05) at the
wavelength range of 550 — 700 nm. Finally, there exists a significant difference of S3 at the
wavelength of 550 — 650 nm.

4. CONCLUSIONS AND DISCUSSIONS

We proposed and developed a polarized hyperspectral imaging microscope system. This is
the first polarized hyperspectral microscope based on snapscan with the capability of full
Stokes imaging. This is also the first study to use polarized hyperspectral imaging for
detection of head and neck cancer.

We tested the imaging system in H&E stained tissue slides of oral cancer patients. The
spectral curves (486 — 700 nm) of the Stokes vector parameters (S0, S1, S2, S3) of the
normal area on the oral tissue slides are significantly different (P<0.05) from those of the
area with squamous cell carcinoma (SCC) at certain wavelength range based on the T test
results (486—700 nm for SO, 550-700nm for S1 and S2, 550-650 nm for S3). More work
need to be performed on the statistical analysis of Stokes vector parameters on more samples
and cancer types. It is also worthy to apply machine learning methods in the classification
task based on the polarized hyperspectral data cube.
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Fig 1.
The setup of the polarized hyperspectral microscope.
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Fig 2.
Diagram of full-polarization hyperspectral imaging data cube.
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Fig. 3.
The measured Stokes vectors of a quarter wave plate from 0 to 180 degrees orientation at 10

degrees increment at 467 nm, 567 nm, and 667 nm.
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Fig. 4.
The synthetic RGB images of S0, S1, S2, S3 (left to right) of a normal tissue area (top) and a

cancerous tissue area (bottom) on the same oral tissue slide.
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Fig. 5.
The average spectral curves of S0, S1, S2, S3 with standard deviations from the normal and
cancerous areas on eight slides from eight patients.
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The T test result between normal and cancer tissue for SO, S1, S2, and S3 at 486 — 700 nm.
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