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Summary of Optical Biopsy Technology at the IUSL

Optical Biopsy is a novel approach based on optical spectroscopy to diagnose the state of a tissue (in vivo
or ex vivo) without removing the tissue from the body. Dr. Robert Alfano and coworkers at the City College
of New York (CCNY) pioneered the field of Optical Biopsy after its discovery in 1984 by the CCNY group.
Over the years, the CCNY group has laid the foundations for Optical Biopsy by developing technology
based on UV-visible fluorescence, excitation, Raman, time-resolved, diffuse reflectance, and most
recently, Stokes shift spectroscopies. A full list of publications by the CCNY group is attached. Using the
appropriate wavelengths, at this time, Optical Biopsy can determine whether a tissue is malignant,
dysplastic (pre-cancer) or benign, in addition to whether it being invasive cancer. Seminal patents have
been issued over the years for various approaches to Optical Biopsy (a list of relevant patents by the
CCNY group is attached).

The Optical Biopsy program at the IUSL has characterized the fluorescence signatures from normal and
malignant tissue from multiple organ sites and developed algorithms to distinguish malignant tissue from
normal. The onset of carcinogenesis causes molecular and structural changes in tissues. These molecular
and structural changes can be observed in the differences in the fluorescence spectra between benign,
precancerous and cancerous tissues. The important diagnostic fluorophores found in human tissue
include several amino acids, proteins and other biomolecules (i.e. tryptophan, collagen, nicotinamide
adenine dinucleotide [NADH], elastin, flavins and porphyrins). Optical Biopsy offers some significant
improvements over classical methods. It does not require removal of tissue, results are available in real
time, and it is highly sensitive to changes occurring on a sub millimeter size scale. Our instrumentation is
lamp-based. It does not require the use of lasers. The use of broadband UV-visible lamps as an excitation
source extends the capability of the technology by allowing the instrumentation to probe multiple
fluorophores. Our instrumentation permits acquisition of emission, excitation, diffuse reflection, and, the
recently developed, Stokes shift spectra for enhanced diagnostic accuracy.

Ex vivo studies have been performed on breast, cervical, oral cavity, esophageal, colon and lung tissue.
These studies have been performed in collaboration with Memorial Sloan Kettering Cancer Center
(MSKCC) - oral cavity, breast; New York Eye and Ear Infirmary - oral cavity; Weill Medicine College of
Cornell University, New York Hospital and Columbia Presbyterian Hospital (now New York Presbyterian) -
esophageal and digestive tract; St. Vincent's hospital of Staten Island; and Hackensack University Medical
Center. An in vivo study was performed, in collaboration with MSKCC, on oral cancer patients. In the ex
vivo studies, the accuracy (sensitivity) of our fluorescence methods varied from 87% to 97% and the
specificity varied from 87% to 100%. The results of our research are tabulated (Table 1) on the following
page, and have been confirmed by researchers at other universities, who have employed our type of
technology.

In an ex vivo study of the esophagus, fluorescence measurements were able to differentiate between
normal, Barrett's, dysplastic and adenocarcinoma tissue specimens. In similar research, an animal study
performed by CCNY and MSKCC, using a rat esophageal model demonstrated that fluorescence could
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detect precancerous changes in the rat esophagus prior to any visual indication of malignancy.

The in vivo oral cancer study at MSKCC was able to discern differences between normal healthy controls
and “normal” appearing contra lateral sites in oral cancer patients.

A preliminary study performed at the IUSL, which focused on ex vivo breast cancer specimens,
demonstrated that fluorescence spectroscopy could identify different types of cancer. In this study,
spectral differences were observed between invasive carcinoma, mixed invasive and in situ carcinoma,
fibroadenoma and normal breast tissues. In this study is was shown that diffuse reflectance spectra
reflected differences in proteins and DNA from tissues with different disease states. A larger study,
involving a greater number of specimens with a more detailed histopathological analysis should be
implemented to confirm these results.

Currently, three generations of instrumentation have been developed at the IUSL. We currently have
instrumentation, which may probe the following organ sites: oral cavity, cervix, aerodigestive tract and
colon. Use in the aerodigestive tract and colon requires that our instrumentation be coupled to an
endoscope. We have already coupled our instrumentation to a Gl tract endoscope.

Table 1. Optical Biopsy Accuracy Statistics

Tissue Type | Number of | Pathology Sensitivity Specificity Year
Breast 16 Cancer 87.5% 1988
15 Normal 87%
Breast 40 Cancer 92.5% 1988
47 Benign and Normal 98%
GYN 22 Malignant 95% 1992
10 Non-Malignant 100%
GYN 65 Cancer 97% 1994
24 Normal 87.5%
Colon 35 Cancer 94% 1995
39 Normal 92%
Breast 99 Cancer 90% 1995
67 Normal 90%
Breast 97 Cancer 95% 1996
127 Normal 93%

Esophagus 31 Cancer 93% 1998
33 Normal 93%

Breast 103 Cancer 90% 1998
63 Normal 90%

Colon 11 Cancer 95% 1999
11 Normal 95%
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