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“Remember this: You had time to absorb the change.

Now you’re introducing it to your colleagues, and 

although you might be fully on board, they need 

the time and space to absorb it as well.

You might be comfortable with the change because

you helped craft it. Give them that same grace and 

sense of control – and they’ll come along, just as

you did.”

- Jason Fiefer

Philosophy



ImPartial (github.com/nadeemlab/ImPartial)Spatial Profiling Toolbox (oncopathtk.org)

HTCNetDeepLIIF (deepliif.org)

Pathology



DeepLIIF Virtual Multiplex Restaining (deepliif.org)

High-Dimensional Imaging
7-30 markers:  CellDive, Codex, Vectra

Immunohistochemistry (IHC)
(single or double chromogen)

Hematoxylin-Eosin (H&E)
standard

Diagnostic pathology Diagnostic pathology NextGen IHC: R&D



DeepLIIF Virtual Multiplex Restaining (deepliif.org)



DeepLIIF Progress (https://deepliif.org)

Nature Machine Intelligence’22, CVPR’22, MICCAI’23, Histopathology’23

Launched Jan 2022

1,700 sessions every day (17-Oct’23)

Support IHC Ki67, ER, PR, CD3, and CD8

Future support: HER2, PD-L1

DeepLIIF Whole-Slide Image Viewer

Integration with Pathology Dashboard/Worklist

Official launch Sep 1st



DeepLIIF Validations and Downstream Studies

Analytical/Clinical Validation studies

Multi-institution Thyroid Ki67 (Bin Xu and Ronald Ghossein) – Histopathology’23

Breast Ki67 [independent] – Diagnostic Pathology’23, Diagnostics’23

Neuroendocrine Ki67 [independent] – International Journal of General Medicine’23

TNBC, NSCLC, HNSCC, GC IHC CD3/CD8 [independent] – Histopathology’23

Breast ER/PR/Ki67 (Matthew Hanna, Rachel Han) – USCAP’24

Cytology Thyroid/Neuroendocrine Ki67 (Dianna Ng and Ifeyinwa Asuzu) – USCAP’24

Neuroendocrine Ki67 (Laura Tang and Jinru Shia) – USCAP’24

Neuropath Ki67 (Marc Rosenblum and Tejus Bale) – USCAP’24

…

Downstream studies

Nakhli et al. CVPR’23, ICCV’23 (UBC - independent)

Huang et al. TMI’23 (Zhejiang - independent)

Nakkireddy et al biorxiv’23 (Mayo - independent)

…

“DeepLIIF out-of-the-box (without being fine-

tuned or retrained) outperformed all the 

models trained on the same samples 

(DeepLIIF had an average precision of 0.85 

on Gastric Cancer [GC], 0.82 Head and Neck 

Squamous Cell Carcinoma [HNSCC], 0.77 

Non small-cell lung cancer [NSCLC], and 

0.84 Triple-Negative Breast Cancer [TNBC] 

vs the best RetinaNet model trained on same 

samples of 0.72 GC, 0.74 HNSCC, 0.74 

NSCLC, and 0.73 TNBC).”

Talat et al. Histopathology’23 [Accepted]



DeepLIIF Clinical Validation

104 breast cancer patients selected spanning all breast tumor subtypes

IHC Ki67 slides were stained and scanned using 2 FDA-approved 

clones, MIB (used clinically) and 30-9

Pathologist (P1) manually counted Ki67+/- tumor cells for the baseline 

score while pathologists (P2 and P3) performed visual estimation (no 

manual direct count). Three established commercial tools (Mindpeak, 

Leica Aperio, 3DHISTECH) and DeepLIIF were run on the same slides.

Breast IHC Ki67 companion diagnostic assay with tumor classified high 

for ≥ 20% and low for < 20% Ki67 expression

Hanna et al. USCAP’24

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8989635/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8989635/


DeepLIIF Clinical Validation

Courtesy Matthew Hanna

MIB ≥ 20 < 20

≥ 20 32 2

< 20 0 23D
e
e
p

L
II

F
30-9 ≥ 20 < 20

≥ 20 22 0

< 20 0 35D
e
e
p

L
II

F

Pathologist (P1)

Kappa = 1.000

SE of Kappa = 0.000

95% Confidence Interval: 1.000 to 1.000

Kappa = 0.928

SE of Kappa = 0.050

95% Confidence Interval: 0.831 to 1.000

Pathologist (P1)



DeepLIIF Clinical Validation

Courtesy Matthew Hanna

P2 P3 IA1 IA2 IA3 IA4

MIB

P1 0.89 0.89 0.856 0.792 0.82 0.928

P2 X 0.81 0.712 0.856 0.854 0.964

P3 X X 0.787 0.755 0.714 0.822

IA1 X X X 0.831 0.709 0.74

IA2 X X X X 0.662 0.737

IA3 X X X X X 0.887

IA4 X X X X X X

30-9

P1 0.778 0.82 0.813 0.761 0.816 1

P2 X 0.73 0.96 0.741 0.63 0.778

P3 X X 0.759 0.781 0.725 0.725

IA1 X X X 0.798 0.664 0.881

IA2 X X X X 0.681 0.758

IA3 X X X X X 0.85

IA4 X X X X X X

DeeplIIF is Image 

Analysis tool 4 (IA4)

DeepLIIF performed

better than the expert

pathologists, P2 and P3

DeepLIIF even performed

better than the

consensus of expert

pathologists, P2 and P3



DeepLIIF Clinical Validation

Kappa Model ≤20; n(%) >20; n(%) Prob>Z Kappa Agreement ICC 

P1 44 (88.0%) 6 (12.0%) -
Reference 

(gold standard)
- -

P1 Vs. AI 41 (82.0%) 9 (18.0%) 0 0.77 Substantial 0.99

P1 Vs. P2 36 (73.5%) 13 (26.5%) 0 0.56 Moderate 0.94

P1 Vs. P3 30 (60.0%) 20 (40.0%) 0.0007 0.34 Fair 0.93

P1 Vs. P4 33 (66.0%) 17 (34.0%) 0.0001 0.42 Moderate 0.93

P1 Vs. P5 35 (70.0%) 15 (30.0%) 0 0.48 Moderate 0.97

P1 Vs. P6 34 (68.0%) 16 (32.0%) 0.0001 0.45 Moderate 0.93

P1 Vs. P7 35 (70.0%) 15 (30.0%) 0.0012 0.37 Fair 0.93

P1 Vs. P8 38 (76.0%) 12 (24.0%) 0.0001 0.47 Moderate 0.91

P1 Vs. P9 36 (72.0%) 14 (28.0%) 0.0006 0.40 Fair 0.94

P1

AI

P2

P3

P4

P5

P6

P7

P8

P9

>20 ≤20



DeepLIIF-Stitch (compressed WSI)



DeepLIIF PD-L1 NSCLC

DeepLIIF Output



PhysicsArX(github.com/nadeemlab/Physics-ArX)SeqX2Y (github.com/nadeemlab/SeqX2Y)

DoseRTX(github.com/nadeemlab/DoseRTX)CIR (github.com/nadeemlab/CIR)

Radiation Oncology

Manual Predicted



Planning and Optimization in Radiotherapy Treatment

https://github.com/portpy-projectCourtesy Masoud Zarepisheh



Realtime Augmented Colonoscopy

Input video
Feature Segmentation

MICCAI’21 (Oral)
Synthetic CT
ISBI’21 (Oral)

Depth Inference
CVPR’20

Mathew et al, CVPR 2020, ISBI 2021, MICCAI 2021, MICCAI 2022 https://github.com/nadeemlab/CEP
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