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Motivation: pathology has remained unchanged for a century 

4. Section 
~10 minutes 

3. Embed 
~10 minutes 

2. Process 
~2.5 hours 

1. Fix 
~30 minutes 

5. Stain 
~40 minutes 

Histology 
Expensive 

Time-consuming 
Destructive 
Hazardous 

Sampling errors 

Disadvantages 

Histology 

or 

1. Freeze 
~2 minutes 

2. Section 
~2 minutes 

3. Stain 
~4 minutes 

Rapid histology: 4 hours Frozen Section: 10 minutes 

Destructive 
Hazardous 

Sampling errors 
Variable histology quality 

Disadvantages 



Goal: non-destructive, slide-free, ‘digital’ pathology 

2. Image 
<10 minutes 

1. Stain 
<1 minute 

Wide-area ‘digital’ histology 

*0. Clear 
~5 minutes to overnight 

Fast 
Digital 

Non-destructive 
Slide-free 
Wide-area 

Advantages 



Overall comparison of microscopy technologies 

3D information from LSM enables easy alignment/surface extraction for 2D 
imaging, and is unrivaled for 3D imaging capabilities. 



Advantages of LSM for imaging human tissues 

Advantage: LSM rapidly images a 3D volume, within which an irregular tissue 
surface may be digitally extracted and imaged over a range of depths 

Shallow  
depth  

of focus 

Deep  
depth  

of focus 

Conventional microscopy Light-sheet microscopy 

Irregular tissue surface 

100 μm 

Tissue 
irregularity 



Challenge: light-sheet microscopy is not well-suited for human tissue 

Designed for imaging small, transparent samples 
Human tissues can be large, and are highly scattering 

Problems 

S
am

ple rotation 

S
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ple translation 

Guide to light-sheet microscopy for adventurous biologists, Nature Methods, 2015  



Light-sheet microscope optimized for clinical pathology 



Light-sheet microscope system demonstration 
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Unmet clinical need #1: Triaging of non-essential tissue 

Unmet clinical need #1: Triaging of non-
essential tissue from prostatectomy 

specimens 



Unmet clinical need #1: Triaging of non-essential tissue 

Radical prostatectomy 

Prostate 
slices  

(3-5 mm 
thick) 

1 cm 



Benefits of increased sampling: Margin detection 

5 micron thick sections 

Cancer is 
at the 

margin 

NO 
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margin 

Cancer 

The surgical 
margin 



Humphrey PA, Am J Surg Pathol 
1993;17:468 

Deeper 
level: cancer 

at margin 

Initial section: 
cancer free of 

margin 

Benefits of increased sampling: Margin detection 



Take home message: Pathology has a sampling problem! 

 
Pathology laboratories encounter a double-edged sword: 

Increased sampling detects more positive margins but increases 
laboratory costs 

Quality Cost 

Margin 
detection 

Tissue 
processing 

Goal:  
Provide a “sneak 

peek” of histology to 
inform decision on 
whether to “triage” 

tissue for full 
pathology work-up 
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Post-operative imaging of human prostate tissue 

2 mm 

Light-sheet microscopy of prostate tissue 

After surface 
extraction 

Before surface 
extraction 

25
0 

µm
 

Tilt, ~2 µm/mm (slope = 
0.2%)  

Tissue surface profile  (irregularities, <200 
µm) 

80 µm 

Normal prostate glands 

100 µm 

Prostate adenocarcinoma 

40 µm 

80 µm 

30 m 30 µm 

40 µm 

15 µm 15 µm 



Multi-scale surface imaging of a fresh prostate slice 

Staining time: 20 sec. 
Imaging time: ~8 min 
Tissue size: ~3.4x3.6 cm 
Resolution: 1.25 
μm/pixel 



Summary of unmet clinical need #1: Triaging 
 

2 mm 
After surface 
extraction 

Before surface 
extraction 

25
0 

µm
 

Tilt, ~2 µm/mm (slope = 
0.2%)  

Tissue surface profile  (irregularities, <200 
µm) 

 
24 tissue samples 
• 12 benign 
• 12 carcinoma 
 
Sensitivity: 0.92 
Specificity: 0.92 
 
*Detected 2 cases of positive margins 
missed on 2D section 
 
Take-away points: 
• Successful technological solution 
• Not an ideal problem-solution fit due to 

cost/benefit ratio 



Unmet clinical need #2: Intraoperative imaging 

Unmet clinical need #2: Intraoperative 
pathology consultation 



• Medical problem: Lumpectomies for breast cancer result 
in positive margins in 20-50% of cases, leading to re-
operations. 
 

• Re-operations are costly to  
the healthcare system, to the  
patient, and cause undue  
stress. 

 
 

• Our solution: Slide-free 3D light-sheet microscopy for 
rapid margin assessment 

Unmet clinical need #2: Intraoperative imaging 



Intra-operative imaging of human breast tissue 

Lumpectomy 

Breast slice 
(3-5 mm thick) 1 cm 

H&E 

Fresh breast 
tissue 

5 mm 

5 mm 

Acridine 
Orange 

Staining time: 20 sec. 
Imaging time: ~5 min 
Tissue size: ~2.1x1.8 cm 
Resolution: 1.25 
μm/pixel 






Intra-operative imaging of human breast tissue 

Invasive ductal carcinoma with adjacent normal breast 
tissue 

100 µm 

100 µm 

20 µm 

20 µm 

Adipose tissue 

150 µm 150 µm 

50 µm 

150 µm 

50 µm 

Light-sheet microscopy 
of fresh breast tissue 

Formalin-fixed 
paraffin- embedded 

section 

Frozen tissue  
section 

50 µm 

60 µm 60 µm 

Benign breast lobules 

100 µm 



Unmet clinical need #3: 3D pathology 

Unmet clinical need #3: 3D pathology of 
prostate core needle biopsies 



Higher grade associated with 
worse prognosis 

Gleason grade = primary pattern + secondary pattern 

Gleason grading system 

The 2014 International Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179  
 



The 2014 International Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179  

Grade 6 
Grade 7 (3+4) 

Grade 7 (4+3) 

Grade 8 

Grade 9 or 10 

Gleason score is prognostic 



Active surveillance: Periodic monitoring and biopsies 
Intent-to-Cure therapy: Surgery vs. Radiation (Seed implants/brachytherapy or External 
beam radiation therapy) 
Neoadjuvant therapy: Chemotherapy prior to Intent-to-Cure therapy 

Grade 6 

Grade 7 
(3+4) 

Grade 7 
(4+3) 

Grade 8 

Grade 9 or 
10 

Active surveillance 
Either active surveillance 
or Intent-to-Cure Therapy 

Intent-to-Cure Therapy 
Intent-to-Cure Therapy + 

Neoadjuvant Therapy 
Neoadjuvant Therapy 

Gleason score is clinically relevant 



Problematic aspect 
of grading 

Distinguishing 
tangential sections 
of pattern 3 glands 
from poorly formed 
glands (pattern 4 

glands) 

Difficulties in Gleason grading 

The 2014 International Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179  
 



Gleason grade 
7 (4+3) 

Poorly-
formed 
gland 

(pattern 4) 

Well-
formed 
gland 

(pattern 3) 

Pattern 4 
cribriform 

variant 

Pattern 4 
Poorly-

formed gland 
 variant 

Well-formed 
glands 

(pattern 3) 

Difficulties in Gleason grading 



Consensus Gleason pattern 3 



Are the small glands Gleason pattern 4 
(poorly formed gland variant) or tangential 

sections of pattern 3 glands?  

Expert panel disagreement on Gleason pattern 3 vs pattern 4 



Tangentially sectioned glands 



Prostate core needle biopsy (fresh) 

1 mm 

2 cm 



Tissue clarification for 3D pathology 

For core needle 
biopsies, clearing 

achieved in ~5 
minutes 

TDE 



Prostate core needle biopsy procedure 

Before  
clearing 

1 mm 

2 cm 

After 
clearing 

100 μm  

G
leason 3+4 

1 mm 

2D traditional H&E 



DRAQ5 

Eosin 

Merged 

DRAQ5 and Eosin dual-channel fluorescent staining and imaging of human prostate core-
needle biopsy 

1 mm 

False-colored 

1 mm 

False-color H&E imaging 



Example false-colored H&E result 

Nuclear stain (DRAQ5, 𝜆𝜆𝑒𝑒𝑥𝑥 = 660 nm, 𝜆𝜆𝑒𝑒𝑚𝑚 = 680 nm)   

Cytoplasmic stain (Eosin, 𝜆𝜆𝑒𝑒𝑥𝑥 = 488 nm, 𝜆𝜆𝑒𝑒𝑚𝑚 = 500 nm) 

‘Digital’ histology 



Volumetric imaging of human prostate core-needle biopsy 

1 mm 

Glaser & Reder et al, Nature Biomedical Engineering (in press)  



3D pathology of a prostate core needle biopsy 
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Clinical applications of light-sheet microscopy 

 
 
 
Post-operative digital pathology - “Triaging” 
• Improve efficiency and costs  

 
Real-time intraoperative guidance 
• Breast, prostate, skin, lymph nodes… 

 
Diagnostic and prognostic 3D pathology of biopsies 
• Reduced sampling errors 
• Non-destructive comprehensive 3D imaging 
• 3D Immunofluorescence 
 
 
Advantages over conventional pathology: 
1. Speed and cost (fresh unprocessed tissue) 
2. Comprehensive 3D pathology with reduced sampling errors 
3. Non-destructive (allows downstream molecular diagnostics of tissue) 

 
 
 

 
 

High impact 
Slow adoption 



Challenges of wide-area fresh tissue LSM 

 
1. Image processing 

• Mosaicing 
• Segmentation 
• Deconvolution  

 
2. Image presentation 

• Data storage 
• Compression 
• Visualization 

 
3. Image interpretation 

• Computer-aided diagnosis (CAD) 
• Machine learning / automated interpretation 

 
4. Clinical acceptance, FDA approval, and reimbursement 



How to get involved – Pathology Residents 

 
1. Attend Meetings 

• CAP 
• Pathology Visions - resident travel award 
• USCAP 
• SPIE Photonics West  

 
2. Contact an engineer at your institution 

• You do not have to be an expert in optics 
• Image interpretation 
• Specimen acquisition 

 
3. Background knowledge 

• CAP in-vivo microscopy resource guide is a good start 
• Journal publications (check lab websites) 

 
 



How to get involved - Academic Pathologists 

 
1. Contact an engineer at your institution 

• You do not have to be an expert in optics 
• Image interpretation 
• Specimen acquisition  

 
2. Hands-on feedback 

• Key to our collaboration 
• Bidirectional working relationship, mutually beneficial 

 
3. Background knowledge 

• CAP in-vivo microscopy resource guide is a good start 
• Journal publications (check lab websites) 

 
 



How to get involved – Community Pathologists 

 
1. We need your help the most! 

• Essential for translation 
• Ex vivo microscopy will not succeed without clinical adoption 

by community pathologists  
 
2. Contact an engineer working on a project that interests you 

• You do not have to be an expert in optics 
• Image interpretation 
• Ease-of-use / practical feedback 

 
3. Background knowledge 

• CAP in-vivo microscopy resource guide is a good start 
• Journal publications (check lab websites) 
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