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(considerably) Reducing Annotation
Need in Self-Explanatory Models
for Lung Nodule Diagnosis




Background:
Lung nodule diagnosis
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Related work:
Feature-based self-explanatory models
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Method — cRedAnno &):

Self-supervised contrastive learning
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Results:

Analysis of extracted features in the learned space

/\

Malignapgp..""

8e° ® & sse
: ?.','.ozg'g . .‘é'g%%
PXCR Gy ”é‘% &9
® Q..'@ ® %6
¢ 'o’v:g?@ LAY
® 5% 00®% 0 T

® ® 55908 o9 [0

208
oo®

o
%)
o 09058

' ®

e Unlikely
Suspicious

Margin _e©

g @@§@§©@©Q 08, s
6.820 © 9 oR.60
Se8ee o et e S2% e

* Medium Margin
Near Sharp
Sharp

e Extremely Subtle gg%@é@)@@
e Moderately Subtle 9¢ “g
« Fairly Subtle &%
Moderately Obvious
Obvious

P

8,
®© 90 a0
. 8008 oL
(S M@GQQ
¢ No Lobulation @’@ ég?«)%’
e Nearly No Lobulatiohy @Q@

e Medium Lobulation
Near Marked Lobulation [
Marked Lobulation

Calcificatione ,
® o® 6 @0

® 8@
...'@ ®© ® )
Se3pi %, oS o St

o 890 T%
« Solid 0g 2%
o Non-central ]
Central
Absent

SpICU|atI.(2§"=f...." ,

O.‘:'; .‘. )

® 2

* No Spiculation @ "¢ 5

e Nearly No Spiculatién g

» Medium Spiculation

Near Marked Spiculation
Marked Spiculation

e Ovoid/Linear
e Ovoid
Ovoid/Round
Round

Texture | %o o

©,°00°00%% g0
& 6] ®
Sedsh o, g e SR
® @©@%®© %0 @$.©‘O
©®O &n 0D %@6@.
@ @@69%9@% AL
9008 50g B Go®
° oonseRess
© 900 )
©® 69960585 E o
e 6.068eg ©
e Non-Solid/GGO © @gg@W@@@ @
« Non-Solid/Mixed ¢ %0
« Part Solid/Mixed %
Solid/Mixed
Solid



Limitations of cRedAnno )

@
%“Eo"ooia‘ .
08%909,00 "%%@
.'::g%‘;o‘ o ®ec 80
6.'36“’“ L]

AR
ety

e Unlikely
Suspicious

Malignancy

i

52
@@9®§@©@ o8

&,
X X
° @ 5
oCea0 0 00
09265 B o Cogste
6950 200 cog YL ge
o, o <1l
B,
L
® @ 8 @&@8@®
6%0698°0 s o
@ ® ©°00 o850 %
@%@@@@ ®
o %2068 05805 ©
o Poorly Defined © cs‘@g 4
o Near Poorly Defined'g %%
Medium Margin
Near Sharp

Sharp

Margin

©
SRR
o Extremely Sugtréff%g?g@@‘%@@
e Moderately Subtle g @@
Fairly Subtle L)
Moderately Obvious
Obvious

Subtlety

°®
'o"fo'ooud .
058305 8,000 10 ¢ %
° :..ﬂ A LT < T
€05 029° 80 ®
S Ha
¢ SSecadn, 400 5%
o %P8 e g0
“Q?:'@? .ge%
® o g
MG M
o %2.008 Ogleg
e No Lobulation @’ &gg‘@a@g'.
e Nearly No Lobulaticﬂ;. @éq
Medium Lobulation
Near Marked Lobulation
Marked Lobulation

%o
®

Lobulation

°®
'.ch..@ Y

D
CY-X)
° )
09899 %8S @ég%@
Se35e o oalff e SR

R 8 X

o Solid og &

« Non-central
Central
Absent

Calcification

o No Spiculation © 675 eg80ee

* Nearly No Spiculati&m %6‘ ¢
Medium Spiculation
Near Marked Spiculation
Marked Spiculation

Spiculation

™ \
%0068 Ogleg © |
ne 0805

X4
%9@%’@%@% °
08%909,00 hd
0255 o 9%fe ® 088 0
@ 9.6 500 @
o900 980 294 S8Ege

<]
o Ovoid/Linear og 2B
®

* Ovoid

Ovoid/Round

Round

8
©80©
0 ®
05829,%8 @%@
oﬁQ?g@%@@@ 3 ®

Sphericity

52
@@9@§®@@ )

©.
©% %80 @
@Qo%fgf@ S § %’f?‘;
5026 ? ®,
SIS a8 e
S e ete o,
@@:p%@é@@é £

8 Os80g ©

®
o Non-Solid/GGO © _ 6550 shee
« Non-Solid/Mixed = ¢ %

Part Solid/Mixed
Solid/Mixed

Solid

Texture

Under scarce annotation conditions
* Unstable performance

Randomly selected annotations are
not necessarily informative enough

« Risk of not covering enough label
space

Unlabelled data are not adequately
used
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Method — cRedAnno+ )\ <4
Annotation exploitation mechanism
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Results:

Predicting nodule attributes and malignancy

Nodule attributes

Malignancy #nodules Additional information

Sub Cal Sph Mar Lob Spi Tex

Full annotation

HSCNNII 71.90 90.80 55.20 72.50 - - 83.40 84.20 4252 3D volume data

X-Caps!Z 90.39 - 85.44 84.14 70.69 75.23 93.10 86.39 1149 None

MSN-JCNEI 70.77 94.07 68.63 78.88 94.75 93.75 89.00 87.07 2616 segmentation mask + ---

MTMR“! - - - - - - - 93.50 1422 all 2D slices in 3D volumes

A+ 96.32 +0.61 95.88 +0.15 97.23 +0.20 96.23 +0.23 9393 +0.87 94.06 +0.60 97.01 £0.26 87.56 +0.61 730 None

Partial annotation

WeakSup!3! (1:5) 43.10 63.90 42.40 58.50 40.60 38.70 51.20 82.40 multi-scale 3D volume data,
2558  all malignancy annotations,

WeakSup!3! (1:3) 66.80 91.50 66.40 79.60 74.30 81.40 82.20 89.10 1/(1+N) on attributes

R (10%) 96.06 £2.02 93.76 +0.85 95.97 +0.69 94.37 +0.79 93.06 £0.27 93.15+0.33 95.49 +0.85 86.65 +1.39

A 4+ (10%) 96.23 +0.45 9272+166 9571047 90.03 +3.68 93.89 £+141 93.67 +0.64 9241+1.05 87.86+1.99

R (1%) 9398 £2.09 89.68 +3.52 94.02+230 9194117 91.03+1.72 90.81+156 93.63 047 80.02 +8.56 730 None

QA+ (1%) 95.84 £0.34  92.67 +1.24 9597 +0.45 91.03+4.65 93.54+0.87 9272+119 92,67 £1.50 86.22 +2.51




Results:
Predicting nodule attributes and malignancy
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Simultaneously high accuracy in predicting malignancy and all nodule attributes.
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Results:
Predicting nodule attributes for a given sample
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cRedAnno+ shows a
significantly larger probability
of simultaneously predicting all
8 nodule attributes correctly.

>90% nodules have at least 7
attributes correctly predicted,
even under the extreme 1%
annotation condition.



Results

Comparison with cRedAnno ) Ablation study
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Conclusion

« A data-/annotation-efficient self- « Open-source code
explanatory approach for lung nodule Q“"@

diagnosis @

« Contrastive learning (])) '-'r.

« |earn semantically meaningful reasoning space .':‘:l

« Annotation exploitation mechanism () 4) :l'-:
« jointly utilise the extracted features, ]
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) * Implementation
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« competitive in malignancy prediction \ Pre-mromesing

« significantly better in predicting all nodule

attributes as explanations * Experiments
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