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Endometrial cancer (EC)
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Endometrial cancer (EQ)raditional histological classification
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Endometrial cancer (ECLVSI and molecular class
iIncorporated into FIGO 2023

Lymphovascular space invasion (LVSI)
(extensive/focal/no)

Molecular classes accordingto TCGA or " .
TCGAsurrogate approach: Kl

1. POLHRiltramutated ¢ excellent prognosi 1 u,___% fffffffff _,L ______ I_L.L_.___“_L,l__._#ww

FOLE |

2. Microsatellite instability (MS) e e p—————

hlgh/hypermUtatedC |ntermed|ate Tumas goce N § ISR 1S AR D110 j 1w 1 Il“n—lmlim

Mucleotide substitutions POLE mutations (L= DMNA methylation CMecluster  Mutaions Histaogy  Tume ur grade

prognosis e e e e e
3. Somatic copsnumber high/serous like 1004y

(95%TP53mutated) ¢ unfavorable TCGA = The Gancer Genome Alas
prognOSiS Eﬁl " \ﬂt‘.t—k:::::: =+ =
4. Somatic copy number lowintermediate Qg Pre——
prognosis il Br e -
0 8 Copy-number high {serous-like)

Berek J. et al ; FIGO staging of endometrial cancer 2023Gynecol Oncol, 2023 20 a0 B0 B0 10D 13D



FIGO (2023) 1&2 (limited to uterus)

Stage Non-aggressive histology type: Aggressive histology type:

FIGO grade 1 and 2 endometrioid. FIGO grade 3 endometrioid, serous, clear cell,
undifferentiated, dedifferentiated, mesonephric-like,
gastrointestinal-type mucinous, carcinosarcoma.

IAT tumor limited to an endometrial polyp OR confined to the IC limited to

endometrium a polyp or

[A2 tumor involving less than half of the myometrium confined to 2 _
IA3 tumor limited to the uterus (limited to superficial myometrial the § v
invasion and without substantial LVSI) and ovary endometrium A

IB tumor invasion of half or more of the myometrium
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{ 1A Invasion of the cervical stroma
[IB Substantial LVSI

IIC any myometrial

invasion

Two molecular subtypes will lead to dowrupstaging within FIGO stages 1&2:
If POLEmut StagelAm,q, ey Fegardless of LVSI and histological type (downstaging)
If pS3abn: Stage [ICmy;4, regardless of LVSI and histological type (upstaging)

Nougaret et al,; Updated ESUR Guidelines for Endometrial Cancer: integrating MRI with the 2023 FIGO Staging Revolution,
EurRadiol, 2025

Berek J. et al ; FIGO staging of endometrial cancer 2023Gynecol Oncol, 2023

FIGO, The International Federation of Gynecology and Obstetrics

Imaging

Pelvic MRI or US enables

preoperative depiction of:

A Myometrial invasion
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myometrial invasion

A Cervical stroma invasion
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FIGO (2023) 3&4 (beyond uterug)maging

11l IIIA Invasion of uterine serosa, adnexa, or both by direct extension or metastasis
lIA1 Spread to ovary or fallopian tube (except when meeting stage IA3 criteria)
IIA2 Involvement of uterine subserosa or spread through the uterine serosa

lIIB Metastasis or direct spread to the vagina and/or to the parametria or pelvic
peritoneum
lIB1 Metastasis or direct spread to the vagina and/or the parametria
[IB2 Metastasis to the pelvic peritoneum
IIIC Metastasis to the pelvic or para-aortic lymph nodes or both
[ICT Metastasis to the pelvic lymph nodes
NCTi Micrometastasis
NCTi Macrometastasis
IIC2 Metastasis to para-aortic lymph nodes up to the renal vessels, with or
without metastasis to the pelvic lymph nodes
IC2i Micrometastasis
C2ii Macrometastasis

peritoneum
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% IVA Invasion of the bladder mucosa and/or the intestinal/bowel mucosa
IVB Abdominal peritoneal metastasis beyond the pelvis
IVC Distant metastasis, including metastasis to any extra- or intra-abdominal lymph
nodes above the renal vessels, lungs, liver, brain

MRI, US, CT or PET/CT allow
preoperative depiction of
tumor extension and/or
metastases to:

Serosa
Adnexa/ovaries/fallopian
tubes

Vagina

Parametria
Peritoneum

Lymph nodes in the
pelvis, paraaortic or
extra-abdominal
Bladder

Rectum/bowel

Distant sites (e.g. lung,
liver, brain)
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Nougaret et al,; Updated ESUR Guidelines for
Endometrial Cancer: integrating MRI with the 2023
FIGO Staging RevolutiorEur Radiol, 2025




Primary surgical treatment is guided by preoperative F
stage (Imaging and biopsy) and adjuvant treatment gu
by final (surgicopathological) FIGO stage

Hysterectomywith bilateral
salpingeoophorectomyis

standard
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Lymph nodesamplingin patients
with presumed advanced or
aggressive disease

Adjuvant treatment in highrisk
disease

Chemotherapy

External/internal radiation
therapy

Hormonal therapy



Standard preoperativiiagnostiovorkupin EC

v Symptoms (postmenopausal vaginal bleeding)
Clinical examination with transvaginal ultrasound

Biopsykturrettagehistology:
Nonaggressive histology type: EEG 51
Aggressive histology type: EEC G3+NEEC

Pelvic MRI or ultrasound for local staging and
abdominal/thoracic CT or wholeody [FSFJFDGEPET/CT for
assessing distant spread

EEC endometrioid endometrial cancer; G, grade, NEEC, neandometrioid endometrial cancer
FIGO, The International Federation of Gynecology and Obstetrics
Haldorsen et al, Curr Oncol Rep, 2016




EC FIGO (2009/23) I1B/lIIC (EEC grade 3)

© 80 yrs, adjuvant chemo, no recurrence after 10 yrs.

Sagittal T2

Endometrial cancers typically:
Iso- or hyperintense on T2, restricted diffusion
at DWI and hypointense on T1+ C (2 min)




EC (2009/23) FIGO II/lIIC (cervical stroma invasion, clear

cell adenocarcinoma)

© 70 yrs, recurrence/death from EC after 5/7 yrs.

>agittal T2
Sea WE
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O50% of|g
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wall

Cervical
tumor
extension
with
cervical
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invasion




EC FIGO (2009/23) I1IC2 (paraaortic LNM)s: veso + chemo,
: EEC grade 3 cCatior ayrs

Uterine lesion (with restricted diffusion)
invading <50% of the myometrial wall

lliac lymph node metastases




Same patient:

EC FIGO (2009/23)
I1IC2 (paraaortic
LNM), EEC grade 3

Highly FDG avid endometrial lesion
lliac FDG avid lymph nodes
Paraaortic FDG avid lymph node

Coronal V|e

60 yrs; HBSO + chemo, recurrence/death from
EC after 1/3 yrs.

Axial view

Axial view
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52 yrs., no recurrence (5 yrs)
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FDGPET/CT




EC FIGO (2009/23) II/IIC, serous carcino

66 yrs, HBSO + chemo, recurrence/death from EC after 7 months/2 yrs.

PET/CT at primary diagnosis MRI at primarv diaanosis



Same patient:

EC FIGO (2009/23) II/1IC, FDG ET
serous carcinoma, at
recurrence

66 yrs, HBSO and chemo, recurrence (7 months),

death (2 yrs)
T2 W MRI

Clinical suspicion of
recurrence in the vaginal vault




EC FIGO (2009/23) l1C2, EEC G2

73 yrs, HBSO + lymphadenectomy and chemo, recurrence/death after 22 months/5 yrs.

T2 W MR]
£

diagnosis MRI at primary diagnosi



EC FIGO (2009/23) IVA, EEC G2

76 yrs.Jarge tumowith andlymph node metastasgtumor
reduction and chemo, death after 1.5 yrs.

FDGPET/CT and MRI grimary diagnosis




EC FIGO (32009/23) 11C2
(pelvic an

paraaortic LNM

Contrast-enhanced CT atprimary diagnosis




FDG PET/CT/MRI: excellent and better (than CE CT) diagnostic
performance for detecting LNM and disease recurrence in EC

Meta-analysis

Sensitivity (95% CI) — Specificity (95% CI)
] Kitajima et al. {2007) 050 (0.19-0.81) L] Kitajima et al. (2007) 0.8(7) (g g: -0 gg) Sensitivity (95% CI) : Specificity (95% Cl)
= Signorelli et al 0.78 (0.40-0.97) M Signorelli et al. 1.00 ( -1.00)
® Kitajima et al. (2013) 1.00 (0.29-1.00) ®/| Kitajima et al, (2013) 096 (0.81-1.00) i : éz"’n““ é:' . :£ (g;‘: - :gg) B Karaetal. 096 (0.78 - 1.00)
- Nogami et al. 0.50 (0.07-0.93) #-| Nogami et al 094 (0.83-0.99) ung et al A (0.74 - 1.00) L = Chu_r_\g etal 095 (0.74 - 1.00)
= Nakamura et al 069 (0.39-0.91) | Nakamura etal 097 (0.91-0.99) W Kitajima et al. 0.93 (0.68-1.00) @ Kitajima etal. 093 (0.68-1.00)
- Crivellaro et al 079 (0.49-0.95) M Crivellaro et al. 098 (0.91-1.00) M Young Ryuetal. 1.00 (0.82-1.00) . Young Ryu et al 088 (0.80-0.93)
o Anfonsen et al. 075 (0.55-0.59) u P wne oo g 580 gg; M Sagaetal. 100 (0.75- 1.00) [] Saga et al 088 (0.64-0.99)
s Horowitz et al 0.67 (0.10-0.99) ® | Horowitz et al ; - h L P 77-0. ! 3
™ Inubashiri et al 050 (0.19-081) ®-| Inubashiri et al 092 (0.78-0.98) O . 2"2:'“::;‘ (1)019) :g o ? gg; = ! g"a"f“"le‘la' ‘1’% (g»ig ?3)
“ Picchio et al. 057 (0.20-0.89) ® Picchio et al 1.00 (0.81-1.00) o . . . ! ironi et al. (0.48 - 1.00)
® Sugaetal 1.00 (0.59 - 1.00) # Sugaetal. 1.00 (0.85-1.00) W Parketal. 1.00 (0.81-1.00) [ ] Park et al 083 (0.36-1.00)
- Boonya et al 0.80 (0.28-0.99) & Boonyaetal 096 (0.82-1.00)
[ ] Husby et al 0.85 (0.55-0.98) - | Husbyetal. 092 (0.84-0.97)
. Pot?led Sensitivity = 0,95 (0.91 t0 0.98) . Pooled Specificity = 0.91 (0.86 1o 0,94)
® Pooled Sensitivity = 0.72 (0.63 to 0.80) ® Pooled Specificty = 0.94 (0.93 to 0.96) ; 53 Y B - = —i= = 5 63 5 6 2420 dis =
02 04 O W ) 02 04 ¢ - ’ Sensitivity ] ' ; Specificity
Sensitivity Specificity

LNM in EC Disease recurrence in EC

Bollinenid B 10A ¢ ¢ @i IN¥cl Med) E0BAIACRIAppropriateness Criteria, J Am CdRadiol 2020



Metabolic tumor volume from FRRET/CT: better than conventional
PETand MRI markers (positive LN) for predicting LNM

CC diameter
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Selective PET in EC if higgk MRI findings yieldsfined
detection of LNMandbetter prognosticationthan MRI alone

A) Preoperative risk groups based on imaging

workup 4 (IW4)
LNM
low-risk,,, 4% (4/99)
intermediate-risk,, 14% (15/106)
high-risk,, 53% (8/15)
3
= b, low-risk,,,,
© "
S intermed.-risk
g E 7 'Ilr;ll ﬁlrlr:rlllell 1 |.|-r:IS| w4
w
[
£g]
& © | Overall: p<0.001 high-risk,,,,
@
L & | Pairwise:
g S | low- vs. intermediate-risk,,,  p<0.007
o low- vs, high-risk,, p<0.001
8 J intermediate- vs. high-risk,,  p=0.002
o T T T T T T
0 1 2 3 4 5

Time (year)

Number at risk (events):

219 (11) 207 (4) 200 (5 163 (1) 130 (0) 93
124 (14) 109 (10) 96 (8) 76 (2) 61 (0) 43
18 (4 14 3 1 @ 7 (1) 4 (@ 2
T T T T T T

0 1 2 3 4 5
Time (year)

— lOW=risk
intermed.-risky,,,
== high-risk,,,,

A) Preoperative risk groups based on imaging workup 4 (IW4)

Preop. imaging

Preop. histology low-risk,,,

61% (219/361)

M, 250%
ClMR\

n=99

n=361 n=21

34% (124/361)

M, ,250%

MRI

n=56

LNy high-risk,,

PET
5% (18/361
n=18 B )

intermediate-risk,,,

B) Preoperative risk groups based on ESMO guidelines
Preop. imaging

Ml . <50% low-risk

Preop. histology WRI EsMO
G1-G2 n=124 34% (124/361)
n=240 WI250%
n=116 intermediate=risk_,,
0
Wi, <50% 37% (134/361)
n=18
n=361

high-risk_q,,,
29% (103/361)

n=75

Abbreviations:
G1-3 endometrioid grade 1-3

NEEC non-endometrioid

Ml myometrial invasion on MRI

Clyg cervical invasion on MR

LNy enlarged pelvic lymph nodes (210 mm) on MRI

LN lymph nodes with elevated ["®*F]JFDG uptake
neg,q Ml <50%, no Cl,,, and no LN,
sl MI,,, 250% and/or Cl, . andfor LN,

An imaging workup, selecting ~54% of patients to
PET/CT based on MRI findings, yields better
detection of LNM than MRI alone and similar
detection to that based on MRI and PET/CT in all.

Fasmer et al, EurRadiol, 2022

B) Preoperative risk groups

based on ESMO

SMO

ESMO

guidelines
LNM
low-risk_,,, 4% (2/48)
intermediate-risk g, 12% (10/82)
high-risk_g,,o 17% (15/90)
8 4 low-risK g0
_ b .._ i
g Ly |||I|r|]|t|e|r|r|n|e|clil-l|r|I|E|,|kES|\"IO
s 2 .
2 high-risk_g,,
)
£g]
_5 S | Overall: p<0.001
(2]
(7]
O 0 | Pairwise:
ceno low- vs. intermediate-risk_g,, p=0.010
o low- vs. high-risk_, p<0.001
8 | intermediate- vs. high-risk_,, , p=0.002
o
0 i 2 3 4 5
Time (year)
Number at risk (events):
124 (7) 117 (1) 115 (0) 104 (0) 86 (0) 65 = lowerisk,
134 (10) 123 (3) 116 (8 83 (1) 61 (0) 43 intermed ~risk
103 (12) 90 (13) 76 (8) 59 (3) 48 (0) 30 = high-risk

T T T T
0 1 2 3

Time (year)

T T
4 5

ESMO



Abdominal fat distribution predicts EC outcome

Low-risk bodycomposition

pre-operative CT follow-up CT
X . : : VAV= visceral
et ot A patle_nt ? abdominal fat volume
TAV= 13171 ml STAV=-1% TAV= total abdominal
[} 5 o otal abdominal
= VAV= 3375 ml SVAV= -8% fat volume
2 SAV= 9796 ml 86SAV= 2% SAV= subcutaneous
g VAV %= 26% SVAV%= -2% abdominal fat volume
© WC= 105 cm SWC= 7% wc= waist
..:’:3 < BMI= 40 kg/m? Prog./recur.: no circumference
)
5
s patient B: patient B:
@ TAV= 6059 ml STAV= -17%
VAV= 3052 ml SVAV= -26%
SAV= 3007 ml 8SAV= -7%
VAV %= 50% SVAV%= -6%
WC=91cm SWC=-3%
BMI= 25 kg/m? Prog./recur.: yes
High-risk bodycomposition &
g, [ © p=0.01
. . - £ <] High visceral fat
Visceral adiposity — g | )
(h| h VAVO/) iS 3 p=0.02 ég 0SS dunng
0 g 8 .
asgociated i 4 therapy Is
With 5broanosis i o associated with
PIod g i gL e 8prognosis
i i 2 3 4 5 _ Time (year) " )
Time (year) Number &t risk {events): Number at nskcevem?:
148 (10) 137 (8) 128 (:: 103 (4) 58 (0) 32 VAV”:(G<35% 13184 ((18:3) 12091 ((170)) gg g; ?; Eg 461 Eg; 235 gmxé:::gﬂj:

145 (18) 126 (10) 113 (11) 77 (1) 46 (0) 22 VAV% =35%

Mauland et al, Oncotarget, 2017 Fasmer et al, BMC Cancer, 2025



Pretreatment MRI radiomics (whole volume)
enhances prognostic modeling in EC

Tumor Segmentation

“

n=138 patients

Abbreviations:

GL; grey-level

GLCM; grey-level co-occurrence matrix
GLRLM; grey-level run length matrix
SRE; short run emphasis

LRE; long run emphasis

HGRE; high grey level run emphasis
LGRE; low grey level run emphasis

bW s

Radiomic Tumor Features

GL Histogram
kurtosis
skewness
entropy
GL Cluster Analysis
. size
@% index
GLCM
‘\ ? /' energy
4.‘_‘.;}(.-1.» homogeneity
HN contrast
L / 4 correlation
A GLRLM
A 123
“H--> SRE
LA N LRE
Eoy A HGRE
LGRE
Shape/size
tumor volume/area

surface-to-volume ratio

Surgicopathology

— Deep (250%)
myometrial
invasion (DMI)

— Lymph node
Radiomic metastases
Prediction (LNM)
Signatures
— Advanced stage
(FIGO llI+1V)
LASSO/Enet
oK — Non-endometrioid
(NE) histology
— High-grade (E3)
histology

Fasmer et al, JMRI, 2021
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Alguided automated segmentation of EC on MF

Bl True positives [EFalse negatives [CJFalse positives

Hodneland et al, Scientific Reports, 2021




MRI radiomic profiles define patient clusters exhibiting distinct differences in molecular class and survival

and identifies targets for treatment
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Do MRladiomicfeaturesneednormalizatiormrior to
modellingin uterineendometrialndcervicalcancer?

1. Pre-processing steps and radiomic feature extraction

Manual tumor segmentation on one sequence
(used as reference for registration)

Endometrial cancer (n=136 patients)

=

Coregistration and
normalization'

=

Coregistration and
normalization'

@ All sequences Tumor masks @

Radiomic feature extraction from all images within tumor masks
(endometrial/cervical cancer: n=385/n=292 features)

.

II. Normalization of radiomic Test b Basarasdodations

ASevere biases in tumor radiomics data
exist due to (variable) MRI scanning
parameters

AZ-score normalization does not eliminate
these biases, whereas Linear Regression
Model (LRM) normalization does

(a) Associations between radiomics variables and MRI scanning protocol in endometrial cancer patients.
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Radiomics clustering

Kaplan-Meier survival
curves of clusters

Time-dependent ROC curves
predicting disease-specific survival
based on radiomic features

Hodneland et al., Scientific Reports, 2024
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PETradiomics predicts

aggressive disease in EC

axial ["*F]JEDG PET/CT

delineation mask
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radiomic features: 108
shape: 12
intensity: 18
intensity histogram: 23
GLCM: 23
GLRLM: 11
NGTDM: 5
GLSZM: 16

ICC>0.75

radiomic features: 98
shape: 11
intensity: 16
intensity histogram: 19
GLCM: 21
GLRLM: 11
NGTDM: 4
GLSZM: 16
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ComBat feature

harmonization
TruePoint n=348
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LASSO radiomic

modelling
train n=343
test n=146

Training set (n=343)
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Fasmer et al, EurJNucl Med and Mol Imaging, 2025
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Endometrial CancerSummary

Almaging is recommended prior tasurgicopathologic staging
according to FIGO (2023) criteria:
AMRI (or ultrasound) for local staging
ACT or PET/CT for detecting lymph node metastases or distant spread

ACha_racteristic Imaging findings yield high accuracy for central
staging parameters, predict outcome and detect recurrence

ANovel imaging techniques e.g. radiomics andadiogenomics for
tumor characterization may improve staging accuracies,
prognostication and reveal targets for treatment

ARadiomics andradiogenomics: although promisingT role not yet
defined



Cervical cancer (CC)
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Cervical cancer (CC)

Almost all caused by human
uterus papilloma virus (HPV)

,/ \. HPV vaccination, screening,

and treatment of pre-cancer lesions
ovary

— lymph nodes effective in disease prevention
cervix—

Squamous cell carcinoma (SCC)
~70% or adenocarcinoma (AC)
~25%

vagina

Arisesfrom the epithelial lining of the uterine
cervix

Cohen et al.Lancet 2019



Cervical cancer (CC)

Globally:

Fourth most common
female cancer and cause
of cancer death

Substantial reduction
In incidence and
mortality rates due to
screening and
prevention

International Agencyfor Researchon Cancer (IARC) 2024



