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Hans Hinselmann
1884-1959

Reduction in Mortality attributed to early
Screening and Diagnosis

Screening Diagnosis

Treatment




Cervical Cancer Mortality
Source: IARC (2012)

At the health centre

Health Center.

VIA/HPV
TIL 1 ?.|

At the district hospital

Colposcopy
Cryo/LEEP

Cancer
Treatment

Visual Inspection with
Acetic Acid (VIA)
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http://pinccorg.blogspot.com/2010_08_01_archive.html

Challenge
Quiality Control and Teleconnectivity

Mobile Screening in Tamil Nadu, India

Challenge
Health Worker Shortage

Majengo Clinic, Moshi Tanzania
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Reimagining the
Colposcope

Colposcopy/Cervicography

Canon SX50HS
@ 3.75, 7.5, and 15 X @ 2.75X
US$ 20,000 and >150 Ibs US$ 500 and 1.5 Ibs

Portable Colposcopes
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Can we put the Light Source and
Camera on a Tampon?

POCKkeT (Point Of Care Tampon)

CoI oscope
IO4 ¢ p

cﬁm

5

Smartphone /
Probe Tablet
5.0 MP

Camera
USB Hub
LED << Arduino
drivers p-controller
.

“1\
’ /» Diameter — 18 mm
L

Lam et al., Plos One, accepted, 2015

Colposcopy/Cervicography

POCkeT Colposcope Leisegang Opti'k p)
USs 500 US$ 20,000
7 - 27 wm resolution 5 - 35 um resolution




Illumination Characteristics

Illumination

System type

White LED
5000k
SP Red Filter
White LED
5000k
Green LEDs

Leisegang
Optik

POCkeT
Colposcope

Electrical Optical
Power Power
W)  (mw)

18

18

Irradiance
(mW/cm?)

793 183.9
32.1 77:3

p 1.07 2.36

1.2

0.95

Detector Characteristics

Detector
System
Type
Leisegang 18 MP
Optik CcMos

POCkeT

5 MP CMOS
Colposcope

Resolution Diagnnal

(MP) FOV

35pm

35pum

Resolution — 35 um or 14 Ip/mm

* Leisegang Optik 2
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High-end
Digital
Colposcope

Raw-POCkeT
Colposcope

Color
Corrected-
POCkeT
Colposcope

s
NORMAL LSIL/CIN1 HSIL/CIN2+

Concordance between the
Leisegang Optik and the POCkeT

Colposcope

Clinical Study Protocol (DUMC)

Speculum Placement + Vinegar (5% Acetic Acid)

Leisegang Optik 2
35 Image Pairs
POCkeT Colposcope

Standard of Care Biopsy

Blinded Image Interpretation — Ob./Gyn.

(3 Duke & 3 International) .
Reid Index

Lesion Margin, Color,

Vessels
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Physician Readers

India
# Kenya

Anthony Wanyoro  Gino Venegas 15 Malliga John Schmitt  LisaMuasher  Peyton Taylor
Kenyatta La Liga Peruana de WIACancer  Duke Ob/Gyn, DukeOb/Gyn  Duke Ob/Gyn,
University  Lucha Contra el Cancer Institute Keme (NC, UsA) KeMC
(Nairobi, Kenya) (Lima, Peru) (Chennai, India)

Concordance Testing across 6 Physicians

mAll = Normal+HSIL
100
90
— 80
£
= 70
g
£ 60
g
5 50
5 40
T 30
k1
= 20
10
0
Total
M——l-“—n
All (kappa) 0.971 04913 05019 04380 0.5360 0.6256

Normal+HSIL (kappa) 0.3739  0.9592  0.5455 0.6139 0.3777 0.6014  0.6319

Comparison of Physician Reading to
Gold Standard Pathology

W LO2-Normal+HSIL ¥ POCket Colpo-Normal+HSIL
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Clinicians
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Improving Specificity

Imaging Blood Vessels with

a Green Filter

Leisegang Optik POCkeT Colposcope

Can we use Neovascularization
to Detect CIN 2+?

L Vg W }::,‘"',.
Normal: MVD=7.0=+14 125221
[Total Hb] =32 +0.2 yM [Total Hb] = 6.9 0.5 M

=+= Nomal | i —CIN1 .

F]
&
2
®

Extracted

450 500 550
Wavelength, 2. nm) Wavelength, 2 (m)

Wavelength, A (nm)

Chang et al., JBO, 2009
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High Resolution Vascular Imaging

llluminating light
—— Scattered light

lens1

Reject specular reflection

8/3/2016

d1>d2 for dark field imaging
Stop Iris

d1 d2
Stop (A1) 1P 1ris (d2) O @

— K.
LED ™ HI Beam lluminating light ~ Scattered light
source U splitter ﬂ
u [

Optical
fiber
Filter wheel

"l
! .
0

Dysplasia(14) SCC(8)

(440, 540, 580, 600 nm) 4051‘30“"5 %
Sample

Resolution = 3.1 ym

High-Resolution Vascular Imaging

Ratio
Normal

DIV ENE]

High-Resolution Vascular Imaging

540/600

Gold standard Gabor mask
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Diagnostic Vessel Characteristics

Large vessels
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*:p<0.05 **:p<0.01

Classification results

Normal vs. SCC Normal vs. Dysplasia

5 0
02 04 06 08 1 0 02 04 06 08
1-Specificity 1-Specificity

Features used: tortuosity, diameter, area fraction

Summary

* Rethinking the implementation of the traditional
colposcope to a tampon configuration enables
low cost innovation with comparable
performance

Vascular contrast decoupled from scattering is
enhanced in severe dysplasia

Multi wavelength dark field microscopy unravels
vessel contrast at different depths in
precancerous lesions
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Funding

NIH R21 Quick Trials — 2012-2015

NIH RO1 2015-2020

NIH RO1 Quick Trials 2015-2018

NIH STTR Phase Il grant 2014-2016

Duke School of Medicine Grant 2014-2015
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