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Pancreatic neuroendocrine tumors (PNETs) are 
a rare but increasingly more prevalent cancer, 
with diagnoses increasing six-fold over the last 
two decades. Surgery is the preferred method 
of treatment for the majority of PNETs, yet 
existing surgical localization methods provide 
poor contrast and resolution (Fig. 1), resulting 
in incomplete resections and pushing surgeons 
to perform more demolitive surgeries than 
necessary [1]. Better intraoperative localization 
techniques are needed to improve survival and 
quality of life.

Multiphoton 
microscopy (MPM) is 
a fast-growing optical 
imaging technique 
that provides label-
Free tissue contrast at
cellular-level 
resolutions. However, MPM is limited to small, 
sub-mm fields of view, and necessarily would 
require a secondary imaging technique capable 
of macroscopic surveillance to direct sampling 

over a large area
[2]. Notably, 
somatostatin 
receptor type 2 
(SSTR2) is 

``  overexpressed in 
>80% of PNETs [1], 
indicating 
fluorescently-

tagged SSTR2 imaging (Fig. 2) could be used for
wide-field localization to complement the 
inherent small field of view of MPM. 

We imaged 12 fixed frozen patient samples with MPM and 
fluorescence imaging. Six samples were tumor and six 
normal pancreatic tissue. Five wavelength channels were 
obtained using MPM, selected to probe four endogenous 
fluorophores that are common biomarkers of disease (FAD, 
NADH, lipofuscin, and porphyrin) and second harmonic 
generation (SHG), a light scattering event exhibited by non-
centrosymmetric molecules, predominantly collagen. Fig. 3 
shows selected excitation and detection wavelengths.

Ultimately, we demonstrate that wide-field fluorescence imaging is a valuable tool for 
monitoring whole-organ expression of labeled markers. This technique could potentially be 

applied in vivo for longitudinal assessment of a single animal, further increasing the 
translation and impact of lineage tracing.
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Results

Conclusions

Our work tests the suitability of combined 
SSTR2 imaging and MPM for localizing PNETs, 
combining the labeled technique of SSTR2 
fluorescence imaging with the label-free 
technique of MPM for enhanced contrast.

We demonstrate that 4 features are sufficient 
to classify tumor and normal tissue with 100% 
accuracy using both MPM and SSTR2 images. 
Using only MPM images, we can obtain the 
same accuracy with the same number of 
features, indicating MPM could be used to 
determine surgical margins with high 
sensitivity and specificity. Using only SSTR2 
images and 1 feature, we obtain an accuracy 
of 66.6%, indicating that SSTR2 provides 
sensitivity to disease, but the addition of MPM 
can improve sensitivity and specificity (Fig. 6).
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Fig 6. (A) Bar chart of average SSTR2 average intensity for tumor and normal 
tissue. (B) Receiver operator characteristic (ROC) curve for classifiers developed 
using only the SSTR2 feature. (C) LDA projection for n=4 features for classifiers 
developed using both MPM and SSTR2 features. (D) ROC curve for classifiers 
developed using both MPM and SSTR2 features.

Texture features were extracted using Haralick’s method for 
all five MPM images. For the SSTR2 images, 10 regions of 
interest were selected and a simple average intensity was 
calculated. Images were classified using linear discriminant 
analysis (LDA), and a leave-one-out approach used to 
determine LDA classifier accuracy [5].
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Fig 3. Emission spectra for the four endogenous fluorophores that dominate four of the five MPM 
channels for an excitation wavelength of 344 nm [4]. Actual excitation wavelengths used for all five MPM 
channels are listed in the legend. Colored overlays correspond to detection wavelength ranges for each 
channel.
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Fig 1. A PNET located in the body of 
the pancreas using intraoperative 
ultrasound [3]. 

Fig 5. Selected MPM and SSTR2 images for one tumor (A) and normal (B) sample. Note the SSTR2 images are one region of interest chosen from the set of 10 used for analysis. Hematoxylin and eosin (H&E) images were 
obtained for all samples for ground truth validation. Images were brightened for viewing.
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Fig 4. Visualization of features and correlation between imaging channels. (A) Z-scores of features for each 
sample, and (B) heat matrices showing average correlation between imaging channels for all samples.
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Fig 2. Example fluorescence images of SSTR2-
labeled (A,B) PNET and (C,D) normal tissue. 
Red is high concentration, blue is low.

B

A C

D

tumor

normal

100 μm1000 μm 1000 μm1000 μm


	Slide Number 1

