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Abstract

The diagnostic yield of standard tissue-

sampling modalities of suspected lung

cancers, whether by bronchoscopy or

interventional radiology, can be non-

optimal, varying with the size and location of lesions. What is needed is an

insitu sensor, integrated in the biopsy tool, to objectively distinguish among

tissue types in real time, not to replace biopsy with an optical diagnostic, but

to verify that the sampling tool is properly located within the target lesion. We

investigated the feasibility of elastic scattering spectroscopy (ESS), coupled

with machine learning, to distinguish lung lesions from the various nearby tis-

sue types, in a study with freshly-excised lung tissues from surgical resections.

Optical spectra were recorded with an ESS fiberoptic probe in different areas

of the resected pulmonary tissues, including benign-margin tissue sites as well

as the periphery and core of the lesion. An artificial-intelligence model was

used to analyze, retrospectively, 2032 measurements from excised tissues of

35 patients. With high accuracy, ESS was able to distinguish alveolar tissue

from bronchi, alveolar tissue from lesions, and bronchi from lesions. This

ex vivo study indicates promise for ESS fiberoptic probes to be integrated with

surgical intervention tools, to improve reliability of pulmonary lesion

targeting.
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1 | INTRODUCTION

Lung cancer is the numberone cause of cancer deaths for
both genders worldwide [1]. In the United States, lung
cancer is diagnosed in ~230 000 patients with over
135 000 deaths annually [1]. The choice of modality for
biopsy of lung lesions depends on the location and size of
the lesion. Advanced bronchoscopy and radiologic biopsy
techniques have been shown to be safe, with an overall

high sensitivity and specificity for the diagnosis of lung
cancer [2, 3]. These procedures do come with inherent
risks, however. A non-encompassing list of risk factors
includes infections, bleeding, pneumothorax, respiratory
failure requiring life support. Moreover, in the event of
an inadequate sampling or diagnosis, there can be a need
for additional biopsy procedures. For central tumors, tis-
sue biopsy is typically performed in a single session with
conventional bronchoscopy, with or without
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endobronchial ultrasound (EBUS) for lymph-node sam-
pling. Central lung cancers can present as peribronchial
in nature, causing extrinsic compression, which can be
biopsied blind or with the aid of EBUS. Central tumors
may also present as a visible exophytic lesion or submu-
cosal spread. When combining the modalities of direct
forceps biopsy, washings, brushings, and endobronchial
needle aspiration techniques, the overall sensitivity of
flexible bronchoscopy for diagnosing lung cancer for cen-
tral endobronchial lesions is 88% [3].

Bronchoscopy with EBUS-directed biopsy has emerged
as a commonly used modality for diagnosis and staging of
suspected lung cancers, due to the high accuracy for both
the lung lesion and for mediastinal lymphadenopathy. In
one study looking at peripheral lung lesions and subse-
quently-diagnosed lung cancer, the sensitivity of
endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) was 79% [4]. Under optimal con-
ditions, with appropriate patient selection and adequate
operator experience, the sensitivity of real-time EBUS-
TBNA for establishing a diagnosis of abnormal lymph
nodes in the face of suspected cancer can be up to 94% [5].

For lesions that are smaller or more peripheral, how-
ever, diagnostic yield can be adversely affected by sub-
optimal tool location. Biopsy options include traditional
bronchoscopy, with or without EBUS, electromagnetic navi-
gation bronchoscopy (ENB), or transthoracic needle biopsy
(TTNB). The sensitivity of flexible bronchoscopy for locating
peripheral lesions >2 cm is 63%, and for <2 cm in size is
only 34% [3]. Thus, as lesions become more peripheral, tra-
ditional fiberoptic bronchoscopy or EBUS-TBNA are not
viable options, and this is where ENB shows promise.
Looking at initial 1-year results of the prospective multicen-
ter NAVIGATE study, the 12-month diagnostic sensitivity
for malignancy was 69% and specificity was 100% [6]. Even
with an ENB-guided biopsy, however, up to 13.3% of biopsy
samples can be read as inconclusive [7]. When broncho-
scopic procedures cannot be performed, either due to tech-
nical limitations or patient safety concerns, TTNB may be
an option. TTNB involves passing a percutaneous needle
into lung or lymph node tissue under image guidance. In a
meta-analysis comparing data from several studies up to
2004, pooled sensitivity of TTNB for the diagnosis of periph-
eral bronchogenic carcinoma was 90% [3].

Despite advances in the diagnosis of lung cancer, lim-
itations remain and imperfect yield of cancer cells still
results in delayed or missed diagnoses of lung cancer.
Additionally, as mentioned above, these procedures do
not come without known potential morbidity. While
rapid onsite cytologic evaluation has helped to maximize
the yield of malignant biopsies, there must be a better
way to improve diagnostic yield while minimizing patient
risk from each individual biopsy modality. What is

needed is a sensor-enabled technology that can objectively
distinguish among tissue types in real time, without chang-
ing the work-flow or familiarity of standard surgical-inter-
vention tools. The primary purpose of such a technology
would not be to replace traditional biopsy with a new
diagnostic method, but to verify that the sampling tool is
properly located within the target lesion to assure an ade-
quate yield of cells. Here we report preliminary studies to
assess the accuracy of elastic scattering spectroscopy
(ESS), coupled with artificial intelligence methods for
classification, for distinguishing tissue types in the lung.

Various types of optical spectroscopy for tissue classi-
fication have been described in the literature as mini-
mally-invasive means to generate optical signatures that
can identify the differences among different types of tis-
sues and conditions, healthy and non-healthy, without
the need to remove the tissue from the body [8]. The
method of ESS for tissue diagnostics has been developed
for over two decades as one such form of “optical biopsy”
and has been demonstrated to provide good diagnostic
accuracy in a number of clinical studies. Clinical studies
of ESS have included: identification of metastatic involve-
ment of breast sentinel lymph nodes during surgery [9–
11]; sensing dysplasia during surveillance of Barrett's
Esophagus [12]; assessment of colon polyps during a
colonoscopy [13]; differentiation of normal colonic
mucosa from chronic colitis and other states of inflam-
matory bowel disease [14]; determination of tumor mar-
gins during oral cancer surgery [15]; and distinguishing
the various types of skin cancer from benign dermatologi-
cal lesions [16].

Of relevance to the long-term goal of the study reported
here, we have previously reported a clinical study of US-
guided percutaneous sampling of thyroid nodules by fine-
needle aspiration (FNA), in which an ESS probe was inte-
grated in the lumen of the 23-gauge FNA tool [17].

Dr. Bigio's group at Boston University (extending ear-
lier work by Bigio and Mourant) developed the method
of ESS [18], and were first to demonstrate the potential
benefits of clinical tissue diagnosis based on the scatter-
ing properties of cellular micromorphology [19]. ESS, as
originally conceived, is a point spectroscopic measure-
ment technique, over a broad wavelength range (320–
900 nm in our current system), which, when performed
using appropriate fiberoptic geometry, is sensitive to the
microscopic morphological differences in tissues at the
cellular and sub-cellular levels. These include nuclear
size and density, hyperchromaticity, DNA condensation
and chromatin granularity, nuclear crowding, and
changes in the size/density of mitochondria and other
cellular organelles, or structural proteins. Thus, ESS spec-
tra derive from the wavelength-dependent optical scatter-
ing efficiency and the effects of changes in the angular
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probability distribution for light scattering (the scattering
“phase-function”) due to the optical-index gradients of
cellular and subcellular structures. Figure 1 shows the

geometry of the optical measurements. With this geome-
try and small source-detector separation (~200 μm), the
reflectance detected is sub-diffuse (rather than diffuse),
resulting in high sensitivity to large-angle backscattered
light, which is spectrally sensitive to variations in micro-
morphology and ultrastructure.

As a result of such ultrastructural changes, normal and
abnormal tissues generate different scattering spectral sig-
natures, representing the optical-spectroscopy equivalent of
histological appearances. The ESS method senses those
morphology changes in a quantitative (objective) manner,
without actually imaging the microscopic structure. Bigio's
group and others have performed translational clinical stud-
ies (including those listed above) to ascertain the efficacy of
ESS-based optical biopsy to distinguish between disease
states in a variety of organ sites [20–24], some with large
patient accruals [13, 22].

Earlier studies by other groups have explored various
types of “optical biopsy” for detecting lung cancer and to
aid in bronchoscopy or TTNB. Some of those publications
reported utilizing a combination of fluorescence spectros-
copy and diffuse reflectance spectroscopy (DRS) [25, 26],
and other reports were focused on variations of DRS [27–
29], with commendable statistics to distinguish between
malignant tumors and “normal lung tissue.” In comparison,
our study was aimed at assessing the ability of ESS to clas-
sify and distinguish among a larger number of tissue clas-
ses: different “normal” lung tissues, as well as lesions that
are distinct from normal tissues. This was to address the
future feasibility to use ESS as an aide in guiding fine-nee-
dle assay to more remote pulmonary lesions, especially for
“blind” robotically-guided biopsies, and to validate proper
needle placement in a lesion, regardless of its pathology.
Additionally, in the earlier studies, more fibers and larger
source-detector separations for DRS were used (compared
with our fiberoptic geometry for ESS), which required large
needles of 13 to 16 gauge, whereas the fibers of our ESS
geometry would fit in a 23 to 25 G fine needle [30].

FIGURE 1 Diagram of the optical geometry for the elastic

scattering spectroscopy (ESS) fiber-optic tissue measurements. A

200-μm core diameter fiber conveys light from a pulsed xenon arc

lamp to the tissue surface. An adjacent fiber, with core diameter

100 μm, collects scattered light and transmits it to the spectrometer

for recording and analysis. The probe tip is in contact with the

tissue, avoiding specular reflection

FIGURE 2 The outer tubing of the probe tool is 2.5-mm in diameter, for ease of handling with gloves, while the optical fibers are

centered in the tubing with the polished fiber tips flush with the end of the probe. A, The tip of the handheld elastic scattering spectroscopy

(ESS) fiberoptic probe is in contact with a bisected lesion, the measurement being made near the periphery of the lesion; B, the probe is in

contact with alveolar tissue
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For studies conducted in various organs, including
this study, a typical ESS probe consists of two optical
fibers (in this case, 100 and 200 μm), adjacent to each
other. Due to the small separation of the source and
detector fibers, the collected light predominantly samples
a tissue volume of <0.1 mm3. In addition, given the small
source-detector separation and the consequent short
average photon pathlength, in most solid tissues the
method is more sensitive to scattering properties than to
absorption [31]. Nonetheless, strong absorbers such as
oxy- and deoxy-hemoglobin can be quantified. Specifi-
cally in this study, as can be seen in Figure 3, absorption
by Hb actually dominates the spectra from alveoli, in
which the air pockets exhibit much lower scattering than
would be the case for solid tissue, resulting in less scatter-
ing and spectral domination by the Hb absorption. On
the other hand, even though the HB absorption bands
are still seen, the spectra for bronchi and tumor are dif-
ferentiated by variations in the spectral shapes of the
scattering component.

2 | PATIENTS AND METHODS

2.1 | Patient accrual and informed
consent

The study was carried out at the Providence Mission
Hospital (Mission Viejo, California), and the protocol
was approved by the Mission Hospital Institutional
Review Board (IRB). Only patients who were scheduled
for a surgical lung resection for suspicious lesions as

part of their standard of care at Mission Hospital were
considered. Prior to surgery, potential subjects were
contacted and informed of the objectives, procedures
and possible risks/benefits of this research. The study
was voluntary and was emphasized as such to potential
participants, who read and confirmed understanding
before signing the Informed Consent Form. Participa-
tion in the study protocol did not require alteration of a
participant's surgical procedure, nor did it affect the
histopathological study of the tissue specimens, the
physician's decision-making or clinical management of
the participants.

2.2 | Instrumentation

The ESS system used in this study consisted of a broad-
band pulsed xenon short-arc lamp (Hamamatsu Corpora-
tion, Bridgewater, New Jersey), a spectrometer with
microcontroller board (Avantes Inc., Louisville, Colo-
rado), power supplies, and built-in computer with custom
software, housed in a clinically-friendly, compact enclo-
sure. ESS measurements invoke short (~10 microseconds)
pulses of light, with wavelength spanning from the near-
ultraviolet spectral region (~320 nm) through the visible
to the near-infrared spectral region (~900 nm), transmit-
ted to the tissue via the illumination fiber. The adjacent
collection fiber conveys backscattered light from the tis-
sue to the spectrometer, with its linear detector array
incorporating a fast electronic shutter. The combination
of short pulses and time-gated detection reduces effects of
ambient light, allowing measurements to be acquired
irrespective of lighting conditions.

The ESS fiberoptic probe used in this study consists of
two adjacent fibers with 200- and 100-μm cores for illumi-
nation and detection, respectively, both with a numerical
aperture of 0.22 in air. The center-to-center separation
between the fibers is �200 μm. With this probe configura-
tion, a tissue volume of ≤0.1 mm3 is interrogated, to a depth
of ~300 μm. This average sensing depth has been deter-
mined in various prior studies by our group, and others,
with Monte Carlo simulations and phantoms [32, 33] and
also in an animal skin model [34]. As is well-known, the
average penetration depth (for this geometry) varies with
wavelength, with longer (red) wavelengths exploring some-
what deeper than the short wavelengths, due to the lower
scattering coefficient in the red/NIR.

Before each procedure, a white-reference measure-
ment was recorded by shining the light from the
fiberoptic probe onto the surface a spectrally-flat, diffuse-
reflectance standard (Spectralon, Labsphere Inc., North
Sutton, New Hampshire) and recording the reflected
spectrum as a reference. This reference measurement

FIGURE 3 Representative elastic scattering spectroscopy (ESS)

spectra of alveolar tissue, bronchi, and lesion. Standard deviations

for each class are shown with dashed lines
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was used to calibrate the system response for subsequent
tissue measurements, which takes into account spectral
variations of the light source, spectrometer, fiber trans-
mission and fiber coupling.

2.3 | Data collection

Freshly excised lung tissues, from patients scheduled for
surgical resection as part of the standard of care, were
examined in the pathology department. Spectral readings
were taken on these ex vivo tissues following surgical resec-
tion. Samples were rinsed with saline to remove excessive
surface blood, the tip of the fiberoptic probe was placed in
gentle contact with the exposed surface at a variety of loca-
tions of tissue, and optical spectra were recorded by the ESS
system (see Figure 2). Each measurement takes less than
50 ms. A variety of tissue types was sampled, including the
lesions, to provide a total of 2032 spectra for comparison of
the tissue types in the excised tissue. Healthy-margin tissue
sites were sampled first; then the pathological sample (the
lesion) was bisected, so that ESS measurements could be
recorded from various locations at both the periphery and
core of the lesion, mimicking a range of needle placements
interstitially in the tissue. The normal tissue types for the
measurements were identified by the pathologist, and histo-
pathology reports of lesion sites were correlated with ESS
spectra. After completion of the spectral measurements, the
samples were transferred to pathology for standard histopa-
thology assessment. The extra time required for the ESS
measurements, a total of a few minutes, did not have any
detrimental effect on the excised tissues for purposes of his-
topathology analysis.

2.4 | Data analysis

The recorded ESS spectra were pre-processed prior to
analysis. Raw ESS spectra consisted of 1347 bands,
corresponding to the pixel-density of the detector in the
spectrometer, covering the wavelength range of 300 to
900 nm. Spectral bands were averaged to the nearest inte-
ger wavelength value, resulting in 601 bands in that
range. Dimensionality was further reduced by smoothing
and down-sampling the resulting measurements by aver-
aging blocks of five bands and by limiting the spectral
range used in subsequent analyses to the wavelength
range of 330 to 800 nm. The resulting spectral measure-
ments consisted of 95 bands. These preprocessing steps
were performed to reduce high-frequency spectral noise
due to pixelation and to remove the regions of the spectra
with low signal-to-noise ratio arising from low detector
sensitivity and lower source light intensity at the

extremes of its output spectrum. Each spectrum was then
normalized to the intensity at 650 nm to enable compari-
son based purely on spectral shape, independent of rela-
tive intensities. We have frequently used 650 nm as the
normalization wavelength, since it is located in a rela-
tively featureless region of the ESS spectra. Figure 3
shows average ESS spectra for different tissue types mea-
sured in the study. Dichotomous classifiers were designed
using random forests [35]. Random forests is an ensemble
classifier that trains a number of decision trees, with each
tree trained on different subsets generated by randomly
sampling with replacement of the training set, in con-
junction with a randomly sampled subset of features. The
normalized ESS spectra served as inputs to the classifica-
tion models, thus in our approach these models are built
based on relative changes in the measured spectra at
individual wavelengths. Leave-one-patient-out (LOPO)
cross-validation was used to obtain diagnostic perfor-
mance estimates. This approach trains a classification
model using data from all but one patient, using data
from the excluded patient for testing. The process is
repeated until each patient has been excluded from the
training process. Unlike the commonly used leave-one-
out (LOO) cross-validation, LOPO strives to reduce the
bias in performance estimates caused by the correlation
between measurements in the same patient.

3 | RESULTS

A total of 2032 independent ESS measurements collected
from the excised tissues of 35 patients were analyzed in
the study. The measurements were acquired from a vari-
ety of locations on alveolar tissue, bronchi and lesions
encountered in the excised lung tissue. Lesion patholo-
gies, confirmed by histopathology, included adenocarci-
noma, carcinoid tumor, metastatic tumors, pulmonary
infarction, squamous cell carcinoma (SCC) and small-cell
carcinoma. Other pathologies encountered in a few
lesions were scar tissue, fungal infection and inflamma-
tory nodules. Dichotomous classifiers were built based on
the pairwise combinations of the three main tissue types
measured: alveolar tissue, bronchi and lesions. When
training these models, no distinctions were made among
the individual lesion pathologies; all lesion pathologies
were treated as a single “lesion” class. Table 1 summa-
rizes the distribution of measured ESS spectra based on
tissue types and pathologies.

First, we investigated the capability of ESS to differen-
tiate alveolar tissue from bronchi. Analysis of 437 mea-
surements of different sites on alveolar tissues and
171 measurements of bronchi resulted in a sensitivity of
0.93, specificity of 0.91, and overall accuracy of 0.92,
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assuming bronchi as the positive class. Next, we assessed
the performance of ESS in distinguishing alveolar tissue
from lesions. We analyzed 437 measurements of alveolar
tissue and 712 measurements of different lesions. This
analysis resulted in a sensitivity of 0.91, specificity of
0.88, and accuracy of 0.90. A sub-analysis of these mea-
surements based on their location showed that the speci-
ficity of alveolar tissue away from the lesion to be 0.90,
with a specificity of 0.86 for alveolar tissue adjacent to
lesion. Similarly, the sensitivity of lesion measurements
made at the lesion core was 0.92, and the sensitivity of
lesion measurements made at the periphery of lesions
was 0.88. In addition, in a sub-analysis based on the indi-
vidual lesion pathologies, we observed a sensitivity of 0.89
for measurements made on lesions found to be

adenocarcinoma based on histopathology, a sensitivity of
0.96 for measurements of metastatic tumors, and 0.91 for
SCCs. Table 2 summarizes the performance obtained when
distinguishing alveolar tissue from various lesions. Finally,
we examined the use of ESS to differentiate bronchi from
lesions. Analyzing 171 measurements of bronchi with
712 measurements from lesions resulted in a sensitivity of
0.86, specificity of 0.82, and accuracy of 0.85. Similar perfor-
mance levels were achieved, whether the measurements
were made at the lesion's core, 0.86, or at the lesion's
periphery, 0.85. Table 3 shows the performance achieved in
differentiating bronchi from lesions, including results for
sub-analysis of different types of lesion pathologies. The
sensitivity was found to be 0.83 in adenocarcinomas, 0.93 in
metastatic tumors, and 0.89 in SCCs.

TABLE 1 Breakdown of tissue types examined in the study

Tissue type Pathology Number of specimens Number of spectra

Alveolar 437

Bronchi 171

Lesion/tumor 712

Adenocarcinoma 21 349

Carcinoid 1 17

Fungus 1 23

Inflammation 1 20

Metastatic tumor 10 178

Pulmonary infarction 1 20

Squamous cell carcinoma (SCC) 4 87

Scar tissue 1 6

Small cell carcinoma 1 12

TABLE 2 Performance in distinguishing alveolar tissue from lesions

Tissue type Pathology Number of spectra Performance

Alveolar 437 Specificity: 0.88

Sensitivities:

Lesion/tumor 712 0.91

Adenocarcinoma 349 0.89

Carcinoid 17 0.71

Fungus 23 1

Inflammation 20 1

Metastatic tumor 178 0.96

Pulmonary infarction 20 0.85

Squamous cell carcinoma (SCC) 87 0.91

Scar tissue 6 0.5

Small cell carcinoma 12 1
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4 | COMMENT

More people die of lung cancer than any other form of
cancer, and it is acknowledged that earlier identification
and treatment of small lesions (including hard-to-target
distal lesions) would help for extension of life expectancy.
One of the challenges, however, to the proper identifica-
tion and treatment of peripheral lesions (and involved
lymph nodes) relates to a significant percentage of misses
in directing the sampling tool into the suspect lesion, fol-
lowing “blind” guidance of the tool to the lesion, even
with electromagnetic navigation or radiological imaging.
Thus, in the rapidly evolving areas of robotically-enabled
interventional radiology, electro-magnetically guided
robotic or manual bronchoscopy and traditional percuta-
neous needle interventions, there is great potential bene-
fit from sensor-integrated surgical tools that provide real-
time identification of tissue types at the tip of the tool.
Given the potential for ESS fiberoptic probes to be very
small, fitting within, say, a 23-gauge (0.6 mm OD) or
smaller needle, we sought to explore the potential for
ESS to instantaneously identify tissue types in the lung,
with the goal of demonstrating the promise for future
development of image-guided robotic and traditional
biopsy tools that integrate ESS fiberoptic probes. This is a
platform technology, with a myriad of potential applica-
tions in other guided-biopsy tissue sites, and in this study,
we begin with the typing of lung tissues, motivated by
the large disease numbers and the potential impact of
any improvement in diagnostic accuracy.

Existing image-guided interventions, either manual
or robotically enabled, exhibit target-accuracy limitations.
Tools that are tracked manually, electro-magnetically or
with optical guidance, are registered over a live or saved

image (MRI/CT/Xray/Ultrasound or video); but there is
no direct feedback mechanism indicating that the tip of
the tool is actually in the targeted tissue. The tool loca-
tion is estimated computationally and displayed to the
user in virtual maps. The ESS platform allows any surgi-
cal tool, whether manually or robotically guided, to pro-
vide real-time feedback to confirm targeted tissue type.
The benefits of such feedback would be especially valu-
able when diagnostic cell-yield is problematic under cur-
rent practice, or in locations where there may be risk of
injury to, say, critical nerves or blood vessels. Given the
clinically-friendly fundamental design of ESS-based tis-
sue classification, mediated by fine fiberoptic probes, it
will be possible to integrate the technology cost-effec-
tively into various surgical-intervention devices, includ-
ing tissue-sampling tools. In the management of lung
cancer, those tools include the range of advanced bron-
choscopy tools and specialized percutaneous needles
designed for interventional-radiology methods.

4.1 | Limitations

The modest number of patients in this preliminary study
limited the statistical analysis to a retrospective estimate
of classifier performance, which is classically optimistic.
In a larger study, separate training and testing sets would
be used to more reliably assess prospective accuracy.
Nonetheless, despite the fact that prospective studies are
typically less optimistic than retrospective analysis, a
larger dataset would also enable training of more-sophis-
ticated classification algorithms, potentially leading to
even higher diagnostic accuracies. Another limitation is
that these preliminary studies were based on

TABLE 3 Performance in distinguishing bronchi from lesions

Tissue type Pathology Number of spectra Performance

Bronchi 171 Specificity: 0.83

Sensitivities:

Lesion/tumor 712 0.86

Adenocarcinoma 349 0.83

Carcinoid 17 0.71

Fungus 23 0.61

Inflammation 20 0.95

Metastatic tumor 178 0.93

Pulmonary infarction 20 0.95

Squamous cell carcinoma (SCC) 87 0.89

Scar tissue 6 0.67

Small cell carcinoma 12 0.83
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measurements in ex-vivo tissue samples, lacking active
perfusion. Still, since the ESS spectral signatures are
based more on the scattering (hence, microstructural)
properties of the tissue, and less on the hemodynamic
properties, differences between ex-vivo and in-vivo mea-
surements are typically modest, and ex-vivo data can be
predictive of clinical translational potential.

In summary, we have presented ESS as a viable plat-
form for differentiating tissue types in the lung. Going
forward, we plan to develop a needle-lumen ESS probe,
which can be inserted through the needle during an
image-guided percutaneous (transthoracic) lung biopsy.
ESS spectra will be compared with the resulting histopa-
thology reports of the correlated tissue samples to assess
the potential for reducing the incidence of nondiagnostic
yield in real-world clinical use. The fact that small
fiberoptic probes can readily be interfaced with tissue-
samplings tools, and that ESS has the potential to accu-
rately discriminate different tissue types in the lung,
makes ESS a promising technology for improved reliabil-
ity of biopsy and tissue targeting.
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