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ABSTRACT

EUS-FNA can be used for pathological confirmation of a suspicious pancreatic mass. However, performance depends on
an on-site cytologist and time between punction and final pathology results can be long. SFR spectroscopy is capable of
extracting biologically relevant parameters (e.g. oxygenation and blood volume) in real-time from a very small tissue
volume at difficult locations. In this study we determined feasibility of the integration of SFR spectroscopy during EUS-
FNA procedures in pancreatic masses.

Patients with benign and malignant pancreatic masses who were scheduled for an EUS-FNA were included. The working
guide wire inside the 19 gauge endoscopic biopsy needle was removed and the sterile single fiber (300 um core and 700
um outer diameter, wide-angle beam, NA 0.22) inserted through the needle. Spectroscopy measurements in the visible-
near infrared wavelength region (400-900 nm) and autofluorescence measurements (excitation at 405 nm) were taken
three times, and subsequently cytology was obtained. Wavelength dependent optical properties were compared to
cytology results.

We took measurements in 13 patients with corresponding cytology results (including mucinous tumor, ductal
adenocarcinoma, neuroendocrine tumor, and pancreatitis). In this paper we show the first analyzed results comparing
normal pancreatic tissue with cancerous tissue in the same patient. We found a large difference in blood volume fraction,
and blood oxygenation was higher in normal tissue.

Integration of SFR spectroscopy is feasible in EUS-FNA procedures, the workflow hardly requires changes and it takes
little time. The first results differentiating normal from tumor tissue are promising.
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1. INTRODUCTION

Pancreatic cancer is the fourth leading cause of cancer deaths, leading to 330,000 deaths worldwide yearly, and the
incidence is still increasing in developed coutries.!,? The five year survival rate is less than 5%.% A big contributor to the
low five year survival rate is the late detection of pancreatic cancer: early-stage disease is usually clinically silent, and
when the presentation of symptoms occur (such as abdominal pain, weight loss and jaundice), the tumor is already
locally too involved or metastasized.

For the diagnosis and staging of pancreatic cancer, a contrast enhanced computed tomography (CT) scan is the imaging
modality of choice.” Endoscopic ultrasound fine needle aspiration (EUS-FNA) is also used to diagnose pancreatic
lesions; it combines ultrasound imaging with cytological findings. It is useful when nothing is seen on CT, but pancreatic
cancer is suspected, and it is also required when tissue diagnosis is needed before the start of radiation or chemotherapy.®
The sensitivity and accuracy for malignancy range from 75-92% and from 79-92%, respectively.”> However, the
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sensitivity drops to 54% in patients with chronic pancreatitis®, and the negative predictive value was estimated at 60-70%
in a systematic review’.

A novel alternative method to assess pancreatic tumors is EUS-FNA with an incorporated fiber optical reflectance
device, Single Fiber Reflectance (SFR) spectroscopy.®® SFR spectroscopy is a spectroscopic technique, capable of
extracting biologically relevant parameters from a very small tissue volume. Reflectance spectra obtained by SFR
spectroscopy contain information about tissue absorption and scattering properties. This fiberoptic technique, is able to
determine the local microvascular saturation, the amount of blood present, the average vascular diameter and a parameter
related to the scattering properties of tissue in real-time. These parameters are believed to be relevant for cancer
diagnosis. To facilitate measurements of these parameters during endoscopic ultrasound guided fine needle aspiration
procedures, we will use a fiberoptic probe that fits through the needle of a standard EUS-FNA device.

The aim of this feasibility study is to evaluate the SFR spectroscopy incorporated into the EUS-FNA procedure to
differentiate benign from malignant pancreatic tumors. The second aim is to measure the wavelength dependent optical
properties to distinguish between malignant and benign pancreatic tissue.

2. MATERIALS & METHODS
2.1 Subjects

This study was approved by the Medical Ethics Committee of the Leiden University Medical Center (Leiden, the
Netherlands). Patients who were scheduled for an EUS-FNA for a suspected pancreatic mass were eligible to participate
in this study. Informed consent was obtained from all patients prior to the procedure.

2.2 Measurement setup

Individual SF reflectance and fluorescence spectra were measured sequentially, at the same tissue location using a
custom-made instrument illustrated schematically in Figure 1. The SF probe consisted of a single optical fiber for both
light delivery and light collection, with a core diameter (300 um) small enough to be fed through the 19 gauge
endoscopic biopsy needle channel. The proximal end of the single fiber probe connects to a quadfurcated fiber, with one
arm leading to a tungsten-halogen lamp (HL-2000-FHSA; Ocean Optics; Duiven, NL); one arm leading to a
spectrophotometer (SD 2000; Ocean Optics; Duiven, NL); one arm to a 405 nm laser light source and the final arm to a
second spectrograph (QE-65000, Ocean Optics; Duiven, NL) that is filtered using a 450 nm long pass filter to block 405
nm excitation light. The distal end of the single fiber probe, which is in contact with the tissue during measurement, is
polished at an angle of 15° to minimize the collection of specular reflection that is caused by refractive index mismatch
between the fiber and tissue. During reflectance measurements, light in the VIS-NIR wavelength range (400-900 nm)
travels from the lamp to the single fiber probe tip, exits the fiber and scatters throughout the tissue. Light that is remitted
from the tissue and is collected by the fiber returns a wavelength-dependent reflectance intensity (Rsg). During
fluorescence measurements tissue autofluorescence was collected under 405 nm excitation. A calibration procedure,
described in detail previously in a paper by Hoy et al.’®, was used to account for internal reflections and for variability in
lamp- and laser-specific output and fiber-specific transmission characteristics.

2.3 Examination procedure

The EUS-FNA procedure was performed as standard, and the gastroenterologist decided whether a 19 gauge endoscopic
biopsy needle would be used. If so, the guide wire of that needle was removed before introduction into the endoscope,
and a sterilized single-use fiber was introduced into the 19 gauge needle. Before FNA, at least 3 reflectance and
fluorescence measurements were acquired.

2.4 Mathematical analysis of spectra

SF reflectance spectra (Rsy) were analyzed using a mathematical model, published previously', that describes the
wavelength-dependent effects of scattering and absorption on the reflectance intensity collected by the SF device in
tissue. The model is given by
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where the term in square brackets is a background scattering model that follows a Mie theory wavelength dependence;
here fitted parameters describing the Mie amplitude (a;) and Mie slope (a,). The model describes attenuation due to
absorption via a modified Beer-Lambert law which includes the product of the absorption coefficient within the tissue,
Wa, Tiss and <L> the effective photon path length, given by

(L) 1.54

(e, ) " @oa )

The absorption coefficient of tissue is expressed as the sum of the absorption of blood papeeq @nd the absorption of
bilirubin pg’":
il
pa,ﬁss(j’)=pa,ﬂood(;{‘)+ﬂa (’1)
The absorption coefficient of blood can be described as the product of the specific blood absorption coefficients and
blood volume fraction:
Foit{A) = Cir () x bM| SO 275(2) 1 (1- R0,)7( 1)

where StO, is the blood oxygen saturation, bvf is blood volume fraction assuming the concentration of hemoglobin in
whole blood to be 150 g/L, and ;;:'mwand p:"’*x are the specific absorption coefficients of oxygenized and

deoxygenized blood, respectively. C., is the correction factor that accounts for flattening of spectral features resulting
from the inhomogeneous distribution of blood in tissue and the confinement of blood in vessels. For whole blood, the

correction factor is given by:
Ccor = %‘_ exp[:ua,blood (/I)DV ]}/[lua,blood (ﬁ’)DV]

which is related to the average vessel diameter D,. The total tissue absorption p,iss Can then be described as the
absorption of blood 1, pi00d, dependend on blood volume fraction, and the absorption of bilirubin, which is the product of

the specific absorption coefficient p:""”‘ and the bilirubin concentration cy;:

ﬂa,ﬁs('l) = Hapood (}') +Cyhly ”w(ﬂ)

Fitting the measured data to equation 1 yields estimate for the micro-vascular saturation, (StO2), blood volume fraction
(p) the average vessel diameter (D,) the bilibrubin concentration, the Mie slope and the scattering amplitude.

In an analogous manner fluorescence spectra were analyzed to recover an estimate of the fluorescence intensity corrected
for the measured average absorption coefficient at the excitation and emission wavelength using a modified form of the
Beer-Lambert law;

FSF — F;: é‘f‘ﬂ.ﬂvg<"ﬂfﬂ>)

Here, Waag IS the average Y, at the excitation and emission wavelength and the fluorescence photon path length Lgeg is
defined as

(- @ o)

where U, g iS the average 1sa,q at excitation and emission wavelength, d; is the fiber diameter and « represents a single
fitted parameter which has a value of k=1.81+0.01. Z is the effective sampling depth defined as;
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In this equation, A,and A; are determined empirically to be 0.71+0.01 and 0.36+0.01 respectively. We have previously
developed a model to relate Fs:° to the intrinsic fluorescence spectrum panf

F;a_%m(%)y;@<¢:><nz><v>

In this equation, <V>, <pu,”> and <H,,”"> are the effective sampling volume, excitation fluence and escape probability
respectively. It is important to note that this approach, previously described in detail'? relies on an accurate determination
of Wsavg. Since this is unknown in the present implementation of SFF spectroscopy and we have assumed that that the
Mie scattering parameters a; and a, are equal to 1 at 800 nm. In this way the autofluorescence we report correctly
accounts for differences in p, but does not account for differences in .

3. RESULTS

Figures 1 and 2 display representative SFR spectra collected from tissue of measurements in the same patient. On
endoscopic examination an irregular hypo-echogenic, heterogeneous, low-vascular mass was seen in the pancreatic head
with a size of 25 mm. Acquired cytology indicated a malignancy. In follow-up this was confirmed by histology of a
hepatic lesion: a adenocarcinoma of pancreatic biliary origin.

The measurement corresponding to Figure 1 was taken at a location in close proximity to the suspected mass. This was
indicated by the gastroenterologist and supported by ultrasound images, but no cytology was taken at this location.
Cytology was acquired at the spectrum corresponding to Figure 2, which indicated a malignancy.
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Figure 1. SFR spectrum of normal pancreatic tissue, the actual (red) and fitted (black) spectrum. The residual showed underneath
represents the difference between measured and fitted spectrum.
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Figure 2. SFR spectrum of pancreatic tumor tissue, the actual (red) and fitted (black) spectrum. The residual showed underneath
represents the difference between measured and fitted spectrum.

Table 1. Mean physiological and morphological parameters extracted from SFR measurements. (Data is displayed as mean + SD).

Parameter Normal Malignant
Blood volume fraction (%) 45+0.22 0.087 £ 0.07
Hemoglobin saturation (%) 64.9+ 3.9 45.8 + 20.5
Average vessel diameter (um) 29+05 0.01+6

Table 1 displays the extracted biologically relevant parameters for measurements taken at both locations. As the blood
volume fraction at the malignant side is so low, the average vessel diameter is not meaningful here.

4. DISCUSSION AND CONCLUSION

These preliminary results of in-vivo pancreatic measurements show that not only taking SFR spectroscopy measurements
during an EUS-FNA procedure is feasible, but also that based on the biological parameters extracted, a distinction can be
made between normal and malignant tissue.

SFR Spectroscopy measurements only added approximately 5-10 minutes to the standard procedure, as the fiber could be
pre-loaded into the needle. With more experience and omitting fluorescence measurements, this time could be shortened.

We found a higher blood volume fraction and higher hemoglobin saturation at the normal site. These results are in line
with studies previously performed. Using the same technique, Kanick et al. **, found a significantly higher hemoglobin
saturation and blood volume fraction in normal compared to metastatic mediastinal lymph nodes. To our knowledge no
spectroscopic measurements have been performed in-vivo on pancreatic tissue, but pancreatic cancer is characterized by
abundant fibrous stroma and hypovascularity™, which is consistent with our findings.

In conclusion, this study showed the feasibility of the incorporation of SFR spectroscopy measurements during EUS-
FNA. This could be of use clinically to guide the gastroenterologist to the location of interest, where a biopsy can then be
taken. The first results look promising, but only consist of few measurements, so no firm conclusions can yet be drawn.
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