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Deep learning model development for auto-delineation of organ

at risks on CT simulation images in head and neck cancer
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Abstract

Backgrounds: The organs at risk (OARs) delineation process has an important role in treatment
planning for head and neck radiation therapy. Overdose to these OARs may cause long term
functional loss. In clinic practice, OARs are usually delineated by Radiation Oncologist (RO).
Nevertheless, it takes a long time and depends on RO experience. Moreover, intra-inter
observer variation is observed.

Objective: To develop a deep learning model for auto-delineation of OARs on head and neck
cancer patients computed tomography images and evaluating the performance of the model.
Materials and Methods: Head and neck computed tomography simulation images and DICOM
structure radiation therapy were used for training deep learning models. The models were
developed by using U-Net architecture and Features Pyramid Networks (FPN) architecture.

The architectures were modified by using the VGG19 backbone. Fine tune method and Transfer
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learning method were used to train deep learning models. The models were evaluated by
Dice Similarity Coefficient (DSC), 95 percentile Hausdorff Distance (95%HD), the time of model
training, and the time of model auto-predictions.

Results: The averages DSC results of the TUVGG19 model and FFVGG19 were more than 0.80
for all the OARs, except DSC of both parotid glands and spinal cord were more than 0.72.
The averages 95% HD were less than 2 millimeters for all the OARs, except 95% HD of mandible
and both parotid glands were not more than 4 millimeters. The average times to predict
mask were 1.286 and 1.534 seconds per image for the TUVGG19 model and FFVGG19 model,
respectively.

Conclusion: Deep learning models for auto-delineation of OARs have been developed.
They showed good prediction performance. The results were evaluated by DSC value and 95%HD
likewise the value of previous studies and fast predictions mask.

Keywords: U-Net architecture, Features Pyramid Network (FPN) architecture, Transfer learning and

fine tune
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FUVGG19 29,062,984 29,058,952 4,032
TUVGG19 29,062,984 9,034,568 20,028,416
FFVGG19 22,890,312 22,888,008 2,304
TFVGG19 22,890,312 2,863,624 20,026,688
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AT mask 819849849 brain stemn  WBNINTHLAT
HANNSYUNE mask Y891 4 TULAAUUANEIUIY 15
YA Wudndl 1 m%a;&aﬁizja’lmmslﬁmamiﬁ’mw
mask & §etu nsdnenludiuvesan DSC waz
95%HD 5UENﬂﬁﬁﬂ‘lﬂ’]'ﬁf\]SV”T’]U’JULQW’]%%EJQ;I@IH 14 9n
%aa,daﬁmmmﬁmw mask Tt

nan1sUsTuALImloures mask ivhuneann
YatoyanIn CT NEUNAZDU 31NNISAUINA1 DSC
NAMASYIIUNY 7 9TazdnaAssuni Wisuiigu
Funmeneda enasuanslunnd 5

wuilaaa TUVGGLY Tipady DSC Qqﬁqmiu
9322919.A8aUNRA brain stem, left eye globe, right
eye globe waz mandible fidadsvas DSC Wi
0.815 + 0.052, 0.869 + 0.040, 0.864 + 0.056 W@
0.887 + 0.030 ALAGIU

Tuiea FFVGG19 fA1tadsves DSC qdﬁqmiu
azt9ABIUNR left parotid gland wag spinal
cord fiAadsaeas DSC Winfu 0.746 + 0.082 uas
0.792 + 0.050 AUAPU



DSC
0.9101
0.9087
0.9424

DSC
0.9418
0.8379
0.7473
0.7710

DSC
0.9330
0.8872
0.8389
0.0000

Reference Mask Brain stem Left Eye globe . Right Eye globe . Mandible

e Prediction Mask Left Parotid gland . Right Parotid gland . Spinal cord
il 4 fegnaman1svig mask wazA1 DSC 91nTaiaa TUVGGL9
g MM A - 4C uanaduvBUAYeY mask 81984 (@) uay mask AlFanlanea @Evay), 71w 4A_Ref - 4C_Ref uamailuil

mask 81989, AMNAA Pre - 4C Pre LLamﬁuﬁ mask 91nN1s¥IuIevedlalea , BST = brain stem, EYE Lt = left eye globe,
EYE_Rt = right eye globe, MAN = mandible, PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord
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Tuiea FUVGG19 dlAiade DSC gefignluaieng
Fraiesun right parotid gland fidadeves DSC
Wiy 0.760 + 0.095

Naﬂ'ﬁﬂi:ﬁLﬁu3388‘1ﬂ"ld‘UE]<1°UE]UL‘U@ mask 17'1"1/?'114'1&1
NYATBYANIN CT NFUNAGBY HANITAIUINAT
95%HD wananndi 6

wavealuiaa FUVGG19 fiAady 959%HD miian
lusdenzdnadssunid mandible, right parotid gland
wae spinal cord SAnady 95%HD Wity 3.288 +
1.241, 3.008 + 0.960 way 1.209 + 0.281 Haaluns
AIUAINU

1.000

0.900

DsC

EYE Lt EYE Rt

0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

Tuina TUVGG19 fidiads 95%HD fiigalu
970712419.AB9UNG brain stem ag right eye globe
ﬁﬂl'll,a?ilﬁl 95%HD WinAu 1.764 + 0.486 way 1.079
+ 0.242 Tadng ALa1AU

Tuina FRVGG19 fidiade 95%HD masluaions
Fradesund left eye globe Srnade 95%HD Wiy
1.075 + 0.212 {iadLuns

Tuina TFVGG19 fidniades 95%HD Aasluaios
Frafsaund left parotid gland A1Lady 95%HD
Winiu 3.770 = 0.919 Tadiuns

PRO_Lt PRO_Rt

FUVGG19 B TUVGG19 M FFVGG19 M TFVGG19

a ' a ' o 9 a ad o v a P
2wl 5 A1 DSC wdsveauiazeiozinufssunafigninemelumanisisousidedn 4 luea
Agia: FUVGG1Y9 = luinaiaeusieds fine tune sUuuandnenssy U-net Tuiaa backbone wuu VGG19, TUVGG1Y = Tuinad

A0UETs transfer learning JUuuuantnenssu U-net luna backbone wuu VGG19, FFVGG19 = Tupaiiaeudieds fine tune

sUuuvandnenssu FPN Tuiaa backbone WU VGG19, TFVGG19 = Tuinaiiaeudies transfer leaming jutuuaniiiaenssy
FPN latma backbone wuu VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord
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14.000

12.000

10.000

8.000

6.000

95th Hausdorff Distance (mm)

4.000

2000 - ' I '
0.000
BST

I
jin Cin

EYE Lt EYE_Rt

il

PRO_Lt PRO_Rt SPC

MAN

FUVGG19 M TUVGG19 MFFVGG19 M TFVGG19

27 6 Aade 95%HD vesudaredlztuAsUnAngninuemelinansSeusiEn 4 luea
Aga: FUVGG1Y = luinaiiaausieds fine tune sUkuuanUnenssu U-net luina backbone wuu VGG19, TUVGG1Y = luinad

dourig3s transfer leaming gUuuan1UAENssH U-net T backbone WUy VGG19, FFVGG19 = Tpaiiaeusieds fine tune

sUuuvamInenssu FPN Tuiaa backbone WU VGG19, TFVGG19 = Tuinafiasuseds transfer leaming sutuuaninenssy
FPN laima backbone wuu VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord

HANSUsEIUNAINTYIuYedinan1seus
Weand1usunImuaveulansnlulfvete iy
afgaUnd deyariainisaeulunanazdeyalim
M99Ne mask vesusazligg waneianns1ed 2
wurluwadiaeulagldiznis transfer learning 14
nantesniinsaeulinadiedans fine tune iy
2 sUuuuanUnenssulasstng (U-Net uag FPN) 1
anas 258.4 uay 296 Iunise epoch ANEIAU

naINTNe mask vedlanatignasusieis

transfer learning wagion1s fine tune iAulng

WWEIN Ut huksaran1Unenssulaseng lag
luwanltanrtnenssulasewne U-Net Toaanlunis
¥1u1e mask wUsgnnlumanty FPN

uniansel
nsfnwildinsiaulueansideudidedn
dmsuivuaveulundnluifveseivivtiufsauns
vuAMLeNYsERaNiamo TN NUN TN tngldsy
wuuannnenssulasstie 2 sUuu leua U-Net way
FPN uagldluna backbone Wuu VGG 19 33y
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A151991 2 LIAINISEDULALLIAINTYINIUIY mask Veslung

Models Training time Prediction time
(second per epoch) (second per image)
FUVGG19 1.307
TUVGG19 1.286
FFVGG19 1.534
TFVGG19 1.430

fgie: FUVGG19 = luinaiiaousieds fine tune sUuuvantdnenssu U-net Tuna backbone wuu VGG19, TUVGGLY = Tuad

dousngTs transfer learning JUuuuandnenssu U-net luna backbone wuu VGG19, FFVGG19 = Tunafiaeudieds fine tune

sUuuuandnenssu FPN Tuiaa backbone WUy VGG19, TFVGGLY = lunafiaeusuds transfer leaming suuuuandnenssa

FPN lama backbone wuu VGG19

nsdau 2 35 lown 35 fine tune wag 33 transfer
learning deAngsimin ImageNet

wudduenm Tnan1svinune mask Hawann
970 mask E’J’N%aﬁgﬂﬁ’mum%ﬂu brain stem 1Ju
oTuzdaALsUNR spinal cord Tunsditfannmsenu
wulAAAlUUINMTIEROURUUUYEY spinal cord
fluvaUa19%84 brain stem dannnunanyadoya
aoudagniivananvatuvasteya Ssnnsimug
YOULIAAIUVDUUULASUDUANIYN spinal cord Lag
brain stem ladaau uiinnisufuAniematngdnis
wuzimueiion1siruaveulnedtztuAssUnd
agadaauiiliimuaveuuuves spinal cord 7
Fumia Tip of dens w89 C2 Jeswuinfininumain
\AouTBwBUATITwREaTUNSANY YT van der
Veen J. uazaniy” mnfimsifingndoyadniuns
govludiuiozdrsanmuudsusiuveanisimun
youlaiana il

Mnuanaaeswuita 4 Tuea & 1 yadeya
ASMAFBUTINIANA 15 yatoyafiliaansaiuig
mask 16 ilofinnsananuuandisvesdeyangy
U 15 ¥n wuirdeyayailianansariune
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mask 1A Twune Field of View (FOV) winfiu
320x320 fiadluns faaInyateyadn 14 g Al
YA FOV agluyae 522x522 Tadluns f4 650x650
fiadluns daiinnulndifssiunazlndlAssiuruie
FOV vasyadayalun1saauliag memananinga
Huandliiivivuaves FOv Wutladenisidma
fonsviuneveslumafifmunty Tnouusilild
¥unenm CT fiflvuna FOV @aus 500 89 600
fedwns eagihlmlaeaanunsaviniuiena mask 1o

PNWANITANEINTUTZIIUAMUIALIDUTDS mask
fhunganyadeyanm CT nguvadey ¥4 14 %0
Yoya 91nnsUszIEuA DSC wudlnadiannse
e mask uadlvien DSC a1 e Tuina TUVGGL9
way FFVGG19 fil¥en DSC wnndn 0.80 sniiuly
parotid e 2 Freuay spinal cord #il¥en DSC
1N 0.72 waziwwnltiunanisvinedilian DSC
TndiAsafusa DSC 9nmsAneAeuning fauans
Tumsnedi 3

PNHANITATUIUAT DSC nudluma TUVGGL9
wag FFVGG19 aansaviuielanlueietgdnaufes
UﬂaﬁﬁmmLmﬂﬁiwumtﬁaL?j@gjﬂﬁﬁﬂd']ﬂ’ﬁﬁmw



A15197 3 Aade DSC nluma TUVGG19, FFVGG19 wageAn DSC a1nnsAnwinauntn (viae: Sovaz)

Organs Wu X Ibragimov B ZhuW.!"”  Chen A"  TUVGG19  FFVGG19
BST NA NA 86.65+2.00 80.30 81.50 + 520 80.90 + 4.80
EYE Lt NA 88.40+2.70 NA NA 86.90 + 4.00 85.70+ 3.10
EYE Rt NA 87.70+3.70 NA NA 86.40 £ 5.60 83.90 + 3.20
MAN 89.00 89.50+3.60 92.51+2.00 91.70 88.70 + 3.00 84.40 + 3.50
PRO Lt 77.00 76.60+6.10 88.07+2.00 81.10 74.40 + 6.40 74.70 + 8.20
PRO Rt 76.00 77.90+5.40 87.35+4.00 81.40 76.00+ 12,50 72.00 + 3.40
SPC NA 87.00+3.20 NA NA 79.00 + 5.90 79.20 + 5.00

Aga: FUVGG19 = lunaiidoudaeds fine tune sUnuuanndnenssu U-net Tuima backbone wuu VGG19, TUVGGLY = Tt

dourie3s transfer learning gUuuuan1nenssy U-net Tuina backbone WUy VGG19, FFVGG19 = Tpaiaeudieds fine tune

sUuuuandnenssu FPN Tuiaa backbone WUy VGG19, TFVGG19 = luinafiaouseds transfer leaning suuuvandnenssa
FPN latma backbone wuU VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord, NA = not available

TueSurriitinnuuansweaioomaonadosiu
naA1 DSC anM1sAnEues Wu X. uazauz® uag
lbragimov B. uag Xing L wifilunsanwilayly
FBansmssudeyanmiidmunc windows Tuzn
doyan CT Ynd lngnudmsidenld soft tissue
windows falsiausavrglilunanenveuiwnves
parotid grands fuiifeidelagseuldmviniiaas n1s
AvuaA1dayanIn CT 14111998 bone windows
wa brain windows luaaiimunduanunsauen
yeuwaeTriaAssUndlussnaiidiusiui 2
windows l#nareudned uonaindnuialua
TUVGGLY ldaaniinenssulasegie U-Net dou
LAaRIgT8n13 transfer learning lvikadn DSC g4
A11n15deuR83EN5 fine tune Tuvmziiluing
FFVGG19 fildaniimonssulassyne FPN Tuann
DSC gdluABnsaouiinssiuifulana TUVGG19 e
farsanaUduiusvesdn DSC sUkuvanlnenssy
1AsaEkagIsn1sasy wuinisiaentisuuuy

annenssulassieuaziimsaeuiivhlilumaiion
mdwesfiansogouldlusiuuiivanzauazes
ralrlnaaiimsseuslafuazannsainng mask 1a
gndes 1y Tuiea TUVGG19 fidruaumisiimesdi
anunsedouldmuizaunin luea FUVGGLY 7ifl
Sruumsfiwesiaoulduiniuly wieluluna
FFVGG19 fmnumsfiwesiianunsaaeulsivuns
auniiluea TRVGG19 fifisuaumsfmesiiaouls
Heeiiuld

MnransUsEiusTesauoun mask Fivhue
PNYATeNANIN CT NFUNAFBU HANTIAAT 95%HD
WU mask veeTenztaAssUnianlumadiina
A1 DSC g4 avdmaliiilan 95%HD fignn Tumadi
TWilen DSC ¢ Taeen 95%HD 9nluaa TUVGG19
wagluma FFVGG19 dalnaiAesiunisAneineumiin
WanssInnsnedl 4

nran1sUsEEunaINSLUedlung WU
Tuwaitldisnsaeulnedsns transfer learning 14
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A15197 4 AaAe 95%HD 91nluna FUVGGLY wazluna FVGG19 wagAnade 95%HD a1nnisanwineumnti

(Wiag: Uaduns)

Organs Wu X lbragimov B[  Zhu W."” TUVGG19 FFVGG19
BST NA 50115 6.42 + 2.38 1.76 + 0.49 1.95 + 0.32
EYE Lt NA NA NA 1.08 +0.22 1.08 £ 0.21
EYE Rt NA NA NA 1.07 £ 0.24 1.16 + 0.24
MAN 1.60 2.49 6.28 + 2.21 3.45 + 1.56 3.65 + 1.36
PRO Lt 3.25 6.97 9.31 + 3.32 3.98 + 2.05 4.02 + 221
PRO Rt 3.23 6.43 10.08 + 5.09 3.37 + 1.36 3.77 + 1.56
SPC NA NA NA 1.24 + 0.20 1.61 + 0.68

fga: FUVGG19 = luinaiiaoudieds fine tune sUwuuanndnenssu U-net Tuima backbone wuu VGG19, TUVGGLY = Tupad

dousngTs transfer learning JUuuuandnenssu U-net luina backbone wuu VGG19, FFVGG19 = Tunaiiaeudeds fine tune

sUuuuandnenssu FPN Tuaa backbone WUU VGG19, TFVGGLY = luinafiaeuseds transfer leaming suuuuandnenssa
FPN laima backbone WUy VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord, NA = not available

nadesni Wewssuisusunisaeusieds
fine tine ¥4 2 sUkUUAMDRENsLlATwTe Bedusius
AUTIUIUNITTLNDS Na1ADIENNS transfer learning
Flwsuaunsfiwes fiauisoaoulslunsay
andnonssulasstnvanas I ildialunisaeu
anas luvauziiviannsviune mask veslunadinau
wansinanugukuuanidnenssulaseie 11a1n1s
ey mask veslualusuuuuanidnenssulase
Predeuilaisnsaeuiisnatu faumaiiondn
or 1iesannnisAnuniiviinisineisiu virtual
machines vuszuussulatvhlidnunainndou
2943819 1NN5UTEINARAKULAS DI 8B LA DS LTN

G
nsmunlunaniIsiseusddndmsuiivun
YOULINDN UL AVDID T8Ir U1 LABIUNAUS I AT v

wardime NSt sUkuUanIUnenssulasedig
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U-Net Tataa backbone LUy VGG19 @ouliinase
3813 transfer learning ag FPN luwna backbone
WUU VGG19 d@ouluinanieis fine tune Tinanis
fausvauafisian DSC 11nndn 0.80 Tuateizdng
LABIUNR brain stem, left and right eye globe,
mandible wagdiA1 DSC 11nn1 0.72 Tu left and
right parotid glands W& spinal cord Nan13UseLiU
A1 95%HD Wowni1 2 Sadweslueivizdaufssung
brain stem, left and right eye globes, spinal cord
UazA1 95%HD tUpena1 4 Tades lueTuizt A
Un# mandible, left and right parotid gland a1
Tunsviung 1.286 wag 1.534 W7iden 1 muaau
AnAnssudsznie

VBUAMAMLANLIVANAAT UNINYITUULTAIT
dmsuaniivhauide
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