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Abstract. This work is devoted to a first exploration of Mueller polarimetric imaging for the detection of residual
cancer after neoadjuvant treatment for the rectum. Three samples of colorectal carcinomas treated by radioche-
motherapy together with one untreated sample are analyzed ex vivo before fixation in formalin by using a
multispectral Mueller polarimetric imaging system operated from 500 to 700 nm. The Mueller images, analyzed
using the Lu-Chipmann decomposition, show negligible diattenuation and retardation. The nonirradiated rectum
exhibits a variation of depolarization with cancer evolution stage. At all wavelengths on irradiated samples, the
contrast between the footprint of the initial tumor and surrounding healthy tissue is found to be much smaller for
complete tumor regression than when a residual tumor is present, even at volume fractions of the order of 5%. This
high sensitivity is attributed to the modification of stromal collagen induced by the cancer. The depolarization
contrast between treated cancer and healthy tissue is found to increase monotonously with the volume fraction
of residual cancer in the red part of the spectrum. Polarimetric imaging is a promising technique for detecting
short-time small residual cancers, which is valuable information for pathological diagnosis and patient manage-
ment by clinicians. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0 Unported License. Distribution or reproduction of

this work in whole or in part requires full attribution of the original publication, including its DOI. [DOI: 10.1117/1.JBO.18.4.046014]
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1 Introduction

Gastrointestinal malignancies are among the most important

causes of cancer-related deaths. Colorectal cancer is one of

most commonly diagnosed cancer in the world.1 More than

90% of primitive colorectal malignant tumors are adenocarcino-

mas, originating from glandular colorectal epithelium. Currently

surgery is the most radical treatment of cancer with a curative

purpose, provided that the disease is detected at early stage and

its size is limited.

Locally advanced colorectal adenocarcinomas (correspond-

ing with Liberkühnian adenocarcinomas) diagnosed before sur-

gery as T3 to T4 lesions, with or without regional metastatic

lymph nodes, benefit from neoadjuvant treatment combining

radio- and/or chemotherapy, followed by total excision of

mesorectum.2–5 Application of neoadjuvant treatments before

surgery reduces the probability of local relapse and makes

surgery easier.6 After surgery, the role of pathologist is crucial

to choose the appropriate medical treatment to increase patient

survival. Pathologists are involved in the macroscopic and

microscopic analysis of resected surgery specimens7 for

the ypTNM staging (where y stands for neoadjuvant therapy,

p for pathology and TNM is the usual score for cancers, with

T0 to T4 for the initial tumor, N0 to N2 for lymph nodes

and M0 or M1 for metastases8), the determination of the patient

sensitivity to the treatment, the evaluation of the circumferential

margin9 and of the tumor regression.10 Complete pathological

information is a crucial prognostic parameter to estimate the

efficiency of the treatment and the probability of after-treatment

relapse.

However, histopathological analysis is tedious, difficult, and

time consuming as it involves gross and microscopic examina-

tion of the surgical specimen, with sample cutting and fixing,

followed by preparation and examination of many slides.

Moreover it is often difficult for pathologists to detect residual

cancer when the response to the treatment is good but not

complete. Finally, sometimes they can miss small residual can-

cers while making histopathological cuts. Therefore skillful and

experienced pathologists are needed. Any fast and easy-to-use

method able to provide relevant information on the surgical

specimen such as the localization of the zones, where residual

cancer may be present, or a preliminary mapping of the degree

of cancer penetration can make the pathologist life easier.

Subsequently this would benefit the patient.

Optical methods being fast, inexpensive, and non- or

minimally invasive, have attracted considerable attention

for biomedical diagnostics.11–14 Recent studies show that

polarimetric imaging can provide different and supplementary

information with respect to usual intensity imaging.15–26 In
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this work we present preliminary results showing that multi-

spectral polarimetric imaging can be used after neoadjuvant

treatment of colorectal cancer to detect the presence of residual

tumor and evaluate the degree of cancer regression after

treatment.

In this first study on this topic, we used multispectral

complete Mueller imaging in order to get a complete picture

of the polarimetric behavior of such samples by mapping

their depolarization power, diattenuation, and retardation via

suitable Mueller matrix decomposition. Simpler polarimetric

measurements, such as orthogonal state contrasts, may eventu-

ally be used, but their relevance can be fully assessed only from

complete Mueller studies. Moreover the spectral dependence of

polarimetric images is due to the fact that hemoglobin absorp-

tion is varying with visible wavelength range, resulting in the

different light penetration depth. Hence multispectral polarimet-

ric imaging allows separation of the contributions from different

layers of the sample and may be useful to optimize the optical

diagnostic.

The article is organized as follows: in the next section the

experimental setup and the procedure used to analyze the

samples are described. The results of polarimetric imaging are

presented and discussed in the third part of the paper. The last

section summarizes our conclusions and outlines the perspec-

tives of further developments.

2 Methods

2.1 Experimental Setup

The experimental setup used to analyze samples of colon ex vivo

is shown in Fig. 1. A halogen lamp (a source of incoherent white

light) was coupled into a fiber bundle and used to illuminate the

sample. The incident light was modulated by using a polariza-

tion state generator (PSG), comprising a polarizer and two nem-

atic liquid crystals with fixed axes and variable retardations.27–32

The light backscattered by the sample was analyzed with a

polarization state analyzer (PSA), a “mirror image” of the

PSG, composed by the same PSG optical elements but placed

in reverse order. Using a telescopic set of lenses on the illumi-

nation arm, with an iris placed at their common focus, the fiber’s

output is imaged inside the PSG. This experimental configura-

tion allows us to obtain the same distribution of incidences on

the surface of liquid crystals for each point of the beam. In this

way the variation of the liquid crystal birefringence with the

light incidence is eliminated and a spatially uniform polarization

modulation over the field of view is obtained. Thereby all

possible artifacts due to the limited accuracy of the positioning

of the sample are also eliminated.

On the detection arm, the sample was imaged through

the PSA onto a charge-coupled device camera (resolution

256 × 256 pixels) by means of a close-up lens (to optically

“reject” the sample at infinity) followed by a zoom. By changing

the zoom focal length, we could vary the size of the square field

of view from 2 to 5 cm. The wavelengths were varied from 500

to 700 nm in steps of 50 nm using 20 nm wide interference

filters. Sixteen images, corresponding with different input

and output polarization states, were acquired to measure the

Mueller matrix of each sample at each wavelength. The nematic

liquid crystals used to realize PSG and PSA, allowed efficient

polarization modulation with the acquisition of 16 images in

few seconds.

2.2 Procedure for the Acquisition of Polarimetric
Images

The experimental setup described above was used to analyze

several samples of colon ex vivo after surgery and before fixation

in formalin. The excised part of colon tube was opened and

placed on a cork support in order to image the mucosa, as it

is the case in colonoscopy. As a result, our data should be

relevant not only to pathology but also to endoscopic polarimet-

ric imaging in the future, if this technique becomes available.

The procedure used for the analysis of each sample can be

summarized in five steps:

1. The sample was placed in the position shown in Fig. 1,

and a standard photo of the sample was acquired.

2. Polarimetric image was acquired without changing the

position of the sample. In this way polarimetric and

standard image were superimposable.

3. The zones where interesting contrasts were observed

in polarimetric image were marked using different

kinds of colorants.

4. The sample was blocked on a support and fixed in

formalin.

5. The sampling and the analysis by pathologists of the

fixed colon was realized using standard procedure.

Histological cuts were realized in correspondence of

the zones marked with colorant in step 3.

2.3 Analysis of Polarimetric Images

As it is the case for any Mueller matrix data, the experimental

polarimetric images are difficult to interpret directly. The onlyFig. 1 Experimental setup used to analyze colon samples ex vivo.
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samples for which this interpretation is straightforward are the

“canonical” ones, namely

• the diattenuators, or dichroic samples, for which intensity

of the emerging light varies with the incident light

polarization;

• the retarders, or birefringent samples, for which the phase

of the emerging light varies with the incident light

polarization;

• the depolarizers, which convert an incident totally

polarized light into a partially polarized one. This

depolarization process is typically observed when the

interaction between the light and the sample is somehow

“disordered,” as it is the case in thick tissue sample

observed in backscattering geometry; in this case the

photons emerge after many scattering events on randomly

distributed scatterers.

Therefore the most common procedure used to interpret a

Mueller matrix is to extract its canonical properties by des-

cribing it as a product of canonical matrices, which are then

determined by various decomposition methods.33–35 In this

study we used the Lu-Chipman algorithm,34 which decomposes

the experimentally measured Mueller matrix into a product of

three “canonical” matrices: a diattenuator matrix MD followed

by a retarder matrix MR and then followed by a depolarizer

matrix MΔ [Eq. (1)]:

M ¼ MΔMRMD: (1)

The decomposition of Mueller matrices of the samples char-

acterized in this work resulted in data reduction with both matri-

ces MD and MR close to unit matrix. The values of the

off-diagonal elements did not exceed the level of the measure-

ment accuracy, which was about 2 to 3% while statistical noise

was much lower than 0.5%. Hence we conclude that the studied

samples did not exhibit any significant diattenuation or birefrin-

gence. In the following, we show only the depolarization images

(indicated with Δ) for different wavelengths defined as:

Δ ¼ 1 −
1

3
jtrðMΔÞ − 1j;

where MΔ is the depolarization Mueller matrix. We denote the

spatial average degree of depolarization by Δ ¼ 1
N

P
N
k¼1 Δk

where Δk indicates the degree of depolarization for each

pixel of the image Δ and N the number of pixels of the consid-

ered zone. Of course, once it is known that these samples are

pure depolarizers, Δ can be derived directly from the measured

Mueller matrices. Moreover the essential information would

already be provided by linear or circular orthogonal state

contrasts, which would probably be the best choice for this

specific application.

3 Results

In this section, we first show the polarimetric response of a colo-

rectal adenocarcinoma without any neoadjuvant treatment. Then

the polarimetric images of treated colorectal cancerous samples

with different responses to the treatment (cancer regression) are

shown and discussed. Cancer regression was estimated by path-

ologists, after histological analysis, from the volume fraction of

residual cancer with respect to the fibrosis replacing the original

cancer.

3.1 Colorectal Adenocarcinoma without Treatment

The first analyzed sample (sample #1) comes from a primitive

adenocarcinoma without neoadjuvant treatment. The photo

of the sample is shown in Fig. 2(a). The interface between can-

cerous and healthy zones [the latter being indicated by H in

Fig. 2(a)] is observed. Two macroscopic different zones can

be distinguished in cancerous part: a more external zone present-

ing an exophytic/budding growth with predominantly intralumi-

nal aspect [indicated by B in Fig. 2(a)] and an inner zone

presenting an endophytic/ulcerative growth with predominantly

intramural aspect [indicated by U in Fig. 2(a)].

Polarimetric images of the sample, at different wavelengths,

are shown in Fig. 2(b) to 2(d) where different zones, character-

ized by different degrees of depolarization of incident light, can

be distinguished. These contrasts are not visible in standard

photo of the sample [Fig. 2(a)]. We coded healthy and budding

zones with 1 and 2, respectively [Fig. 2(b)] in polarimetric

images. The degree of depolarization of ulcerated zone was

observed to be spatially nonuniform: two different zones are

indicated with 3 and 4 in Fig. 2(b). We observedΔð1Þ ¼ Δð4Þ >
Δð3Þ > Δð2Þ for all wavelengths. These contrasts decrease with
increasing wavelengths. As shown below (Fig. 3), this hierarchy

can be correlated with the degree of penetration of the tumor.

Finally, we observed a quite general trend: for all different

zones the depolarization increases with increasing wavelengths.

A suitable data merging procedure might be helpful to fully take

into account all the information related to the spectral depend-

ence of the observed depolarization. Future work is planned to

implement and test such a procedure. Moreover, at the bottom of

Fig. 2(b) to 2(d), we observe a strongly depolarizing region

(in brown), which can be identified on the photo 2(a) as pericolic

tissue. This tissue, which is the outermost layer of the colon, is

directly visible at the bottom of the figures as part of the

transversal section of the colon wall close to the edge of the

sample. Therefore we cannot take into account this part of

the images. However, the strong depolarization power character-

istic of the pericolic tissue accounts for the strong depolarization

seen in highly ulcerated tumors at T4 stage, as discussed

in Ref. 21.

Microscopic analysis of the sample (Fig. 3) shows that in

zone 1 all layers of colon (mucosa, submucosa, muscularis prop-

ria, and subserosa) are intact. A tumoral proliferation, character-

ized by a strong cellular density and little concentration of

tumoral stroma, is observed in zone 2 where cancerous cells

spread in the submucosa (stage T1). Zone 3 is characterized

by a microscopic structure similar to that of zone 2. The ulcer-

ation on the surface decreases the cancerous wall thickness with

respect to zone 2. In zone 3 cancerous cells spread in muscular

tissue (stage T2). Zone 4 is characterized by a moderate cellular

density and a strong concentration of tumoral stroma. In spite of

superficial ulceration, the total thickness of cancerous wall in

this zone is larger than in zone 2 because abnormal cells

reach the subserosa (stage T3). Mucosa, submucosa, and mus-

cularis propria are completely destroyed in zone 4.

Correlation between polarimetric images and histological

parameters shows that different degrees of light depolariza-

tion can reveal different degrees of infiltration of cancer into

the colon wall. Being T1, T2, and T3 the increasing degrees

of cancer spreading in the deeper layers of colon (TNM
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classification8), regions at stage T3 [zone 4 in Fig. 2(b) to 2(d)]

result in more depolarizing than regions at stage T2 [zone 3 in

Fig. 2(b) and 2(d)], which result in more depolarizing than

regions at stage T1 [zone 2 in Fig. 2(b) and 2(d)]. Further-

more the thickness and the microscopic structure of cancerous

zone determine the specific polarimetric response of each zone.

In agreement with previous investigations,21 we observed the

lowest depolarization in the exophytic regions at stage T1 [zone

2 in Fig. 2(b) and 2(d)].

The observed decreasing of contrasts between different zones

with increasing wavelength is due to the increasing of the

scattering events that the photons suffer before emerging and

to the increasing of contribution by deeper layers (in particular

by the strongly depolarizing pericolic tissue) to the total back-

scattered light for longer (more penetrating) wavelengths. This

can also explain the general increasing of depolarization with

increasing wavelength.

3.2 Colorectal Adenocarcinoma after Treatment:
Total Cancer Regression

The second analyzed sample (sample #2) was a treated

colorectal adenocarcinoma featuring a total regression of cancer

after treatment. Macroscopic analysis of the sample shows a

reduction of the tumoral mass. In Fig. 4(a) the photo of the

sample is shown. Two macroscopic different zones are observ-

able: the healthy zone (indicated by H) and the residual

ulceration of the original cancer (indicated by U).

Polarimetric images of the sample for different wavelengths

are shown in Fig. 4(b) to 4(d), where two different zones can be

distinguished: the healthy zone marked by 1 and the second

zone around the ulceration marked by 2. A contrast of 10%

in the degree of depolarization between zones 1 and 2 was

observed at 500 nm [Fig. 4(b)], zone 2 being less depolarizing

than zone 1. This contrast is no longer visible at 600 and 700 nm

[Fig. 4(c) to 4(d)].

Microscopic analysis of the sample shows that all layers of

colon wall are intact in zone 1. In zone 2 the mucosa, muscularis

mucosae, and submucosa are destroyed by the ulceration, and

Fig. 2 (a) Photo of the first sample, a colon coming from a patient who had not been treated by radiochemotherapy. H: healthy tissue; B and U: budding
and ulcerated tumoral regions, respectively. (b) to (d) Polarimetric image (total depolarization Δ) at different wavelengths: 1. healthy tissue; 2. budding
region; 3 and 4. two different areas in the region ulcerated by cancer.

Fig. 3 Microscopic structure of the first sample: M ¼ mucosa;
SM ¼ submucosa; MP ¼ muscularis propria; P ¼ pericolic tissue;
S ¼ tumoral stroma; C ¼ cancerous cells. H is the healthy zone corre-
sponding to zone 1 in polarimetric images; B is the budding zone cor-
responding to zone 2 in polarimetric images; U is the ulcerate zone
where two zones with different microscopic structures (corresponding
with zones 3 and 4 in polarimetric images) can be distinguished. T1, T2,
and T3 are the different degrees of cancer spreading in deeper layers of
colon (TNM classification) for different zones.
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tumoral proliferation is completely removed by fibrosis: fibrous

scratches spread until the fat layer [Fig. 5(a) to 5(b)].

Correlation between polarimetric images and histological

parameters shows that the difference observed at 500 nm in

the degree of depolarization between zones 1 and 2 can be attrib-

uted to the different microscopic structure of these zones and in

particular to the presence of fibrosis in zone 2. Decreasing of

contrast for 600 and 700 nm (more penetrating wavelengths)

can be attributed to the increasing of the scattering events

and to the contribution from deeper layers whose structures

are almost the same for zones 1 and 2.

3.3 Colorectal Adenocarcinoma after Treatment:
Good but Nontotal Cancer Regression

The third sample (sample #3) was a treated colorectal carcinoma

where a small density of residual cancer was observed.

Macroscopic analysis of the sample showed a macroscopic

reduction of tumoral mass. The photo of the sample is shown

in Fig. 6(a). Healthy zone and residual ulceration of the original

cancer are indicated by H and U, respectively. We did not con-

sider for the analysis the zone N, which corresponds with the

transverse section of the colon wall.

In polarimetric images [Fig. 6(b) to 6(d)], three principal

zones with different degrees of depolarization can be distin-

guished [Fig. 6(b)]: zone 1 corresponds with the healthy zone,

whereas zones 2 and 3 correspond with two different areas in

ulcerated zone. For 500 nm, we observed Δð1Þ > Δð2Þ >

Δð3Þ. Again, the contrasts between selected zones change for

600 and 700 nm, with an overall increase of depolarization

with increasing wavelengths.

Microscopic analysis of this sample (Fig. 7) shows that in

zones 2 and 3 a strong ulceration of the surface is present,

Fig. 4 (a) Photo of the second sample, a rectum resected after treating the patient by radio-chemotherapy. The “footprint” of the tumor appears as the
ulcerated zone U. (b) to (d) Polarimetric images (total depolarization Δ) at different wavelengths.

Fig. 5 Microscopic structure of the second sample: M ¼ mucosa; SM ¼ submucosa; P ¼ pericolic tissue; F ¼ fibrosis. H is the healthy zone corre-
sponding with zone 1 in polarimetric images; U is the ulcerate zone corresponding with zone 2 in polarimetric images.
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and fibrosis replaces the original cancer. In addition, in zone 3 a

residual cancer, with a volume fraction equal to 5% of the origi-

nal cancer, was observed. This figure denotes a good but non-

total response of the tumor to the treatment. Fibrosis is estimated

to occupy 95% of original cancer volume. Tumoral stroma is

present in the zones surrounding abnormal cells.

Correlation between polarimetric images and histological

parameters shows that the fibrosis accounts for the 15%

difference in the depolarization between zones 2 and 1 (as in

the sample #2) while the presence of residual cancer accounts

for the 30% difference in the depolarization powers between

the zones 3 and 1 at 500 nm. Also for this sample decreasing

of contrast for 600 and 700 nm (more penetrating wave-

lengths) can be attributed to the increasing of the scattering

events and to the contribution from deeper layers untouched

by cancer and in particular to the strongly depolarizing pericolic

tissue.

3.4 Colorectal Adenocarcinoma after Treatment:
Little Cancer Regression

The fourth and last sample (sample #4) was a treated colorectal

adenocarcinoma with a significant density of residual cancerous

cells. The photo is shown in Fig. 8(a) where two macroscopic

Fig. 6 (a) Photo of the third sample, a rectum resected after treating the patient by radio-chemotherapy. The footprint of the tumor appears as the
ulcerated zone U. (b) to (d) Polarimetric image (total depolarization Δ) at different wavelengths.

Fig. 7 Microscopic structure of the second type of analyzed sample after radio-chemotherapy treatment: P ¼ pericolic tissue; F ¼ fibrosis;
C ¼ residual cancer after treatment. U is the ulcerate zone corresponding with zone 2 and 3 in polarimetric images.
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zones can be distinguished: the healthy zone indicated by H and

the zone indicated by UB, where both ulceration and small

budding zones are present. We did not consider for the analysis

the zone N, which corresponds with the transverse section of the

colon wall. In polarimetric images [Fig. 8(b) to 8(d)], we can

distinguish two zones with different degrees of depolarization:

zones 1 and 2, respectively, corresponding with the healthy

tissue and the area of the ulcero-budding zone. For 500 nm,

we found Δð1Þ > Δð2Þ. Also in this case contrast changes

with increasing wavelength, with the same overall trends as pre-

vious analyzed samples.

Microscopic analysis (Fig. 9) shows that for zone 1 all layers

of colon are intact. In zone 2 a residual cancer after treatment is

present. In this case a little tumoral regression after treatment is

observed. The residual cancer, characterized by a strong cellular

density and a non-negligible percentage of tumoral stroma

(microscopic structure similar to the zone 4 for the first non-

treated sample) is estimated to occupy 70% of the initial volume

of the cancer.

Correlation between polarimetric images and histological

parameters shows that the different degree of depolarization

between zones 1 and 2 can be explained by high density

of residual cancerous cells, non-negligible presence of tumoral

stroma after treatment, and small percentage of fibrotic areas

(observed principally in the pericolic tissue) in the zone 2.

The reason for the lower contrast at 600 and 700 nm is the

same as discussed earlier for the above two samples (sample #2

and sample #3).

Fig. 8 (a) Photo of the fourth sample, a rectum resected after treating the patient by radio-chemotherapy. (b) to (d) Polarimetric images (total
depolarization Δ) at different wavelengths.

Fig. 9 Microscopic structure of the fourth sample: M ¼ mucosa; SM ¼ submucosa; LM ¼ longitudinal muscular tissue; F ¼ fibrosis;
C ¼ residual cancerous cells after treatment; S ¼ tumoral stroma. Zone 2 corresponds with ulcero-budding zone (UB) in the photo of the sample;
zone 1 corresponds with healthy zone (H) in the photo of the sample.
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4 Discussion

4.1 Colorectal Carcinomas after Treatment: Summary

Finally, to compare the experimental results for different treated

samples, we normalized the average depolarization of the zones

corresponding to the fibrosis and/or residual cancer (zone 2 for

samples #2 and #4, zone 3 for sample #3) by the average degree

of depolarization of the healthy zone (named zone 1 for all ana-

lyzed samples) of the same sample. The results are shown

in Fig. 10.

At 500 to 550 nm, the normalized total depolarization does

not vary monotonically with the degree of cancer regression.

This effect is likely to be related to the lower depth of penetra-

tion of the green light that increases sensitivity of measurements

to features of the most superficial layers. For these wavelengths,

polarized light is more sensitive to microscopic differences

among different analyzed samples. This trend is due to different

densities of abnormal cells and tumoral stroma with respect to

the fibrosis and to the different morphological properties of

tumoral stroma of each sample also witnessed by different

responses to the treatment. Biochemical and morphological

properties of stroma and the interactions between abnormal

cells and extracellular matrix are crucial for cancer develop-

ment36 and for the response of patient to the treatment. At

600, 650, and 700 nm, the contrasts vary monotonically with

the degree of cancer regression, which is of course an interesting

trend for diagnostics. On the other hand, for larger wavelengths

all tissues become more depolarizing due to larger penetration

depths, leading to smaller absolute contrasts in depolarization

images than those observed in the green part of the spectrum.

It is therefore difficult at this point to make a definitive choice of

the optimal wavelength for residual cancer diagnostic.

Suitable combinations of images taken at various wave-

lengths are more likely to eventually optimize the diagnostic

performance. Of course, for this to be done efficiently it

would be necessary to better identify the histological parameters

affecting the polarimetric response of the tissue. Surely the

microscopic structure (cellular density, stroma, blood concentra-

tion, fibrosis) and thickness of cancerous wall influence the pen-

etration of light and the polarimetric response for different

wavelengths for both nontreated and treated (with different

degrees of cancer regression) colorectal adenocarcinomas.

The relative weights of these contributions will be investigated

in more detail in future work on larger sample collections.

5 Conclusion

In this work we show that polarimetric imaging exhibits

interesting contrasts between the footprints of cancerous parts

and surrounding tissue on rectum samples taken on patients

after neaodjuvant treatment. The general trends are similar to

those seen on untreated colon samples: these samples are pure

depolarizers, with depolarization increasing with increasing

wavelengths. When a residual tumor is present, the footprints

of initial tumoral zones are less depolarizing than the surround-

ing healthy tissues, this contrast being sensitive enough to allow

easy detection of residual tumors with volume fractions as small

as a few percent.

These results, though still preliminary, show that multispec-

tral polarimetric imaging is a promising tool to detect residual

cancer and provide a first evaluation of cancer regression in

colorectal carcinomas after neoadjuvant treatment.

In the future this technique might also be used in vivo, if

polarimetric endoscopy becomes available to guide biopsies

and help pathologists in the determination/improvement of

prognostic and predictive markers to orient presurgery strategy.
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