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Pankreatické tumory — heterogenni skupina

e duktalni adenokarcinom - 85%
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Adenokarcinom pankreatu

* méné nez 20% pacientd s nové diagnostikovanym tumorem muze
podstoupit chirurgickou resekci s kurativhim zamerem

* 40% pacientl ma v dobé stanoveni dg. vzdalené metastazy

* 40% pacientl ma v dobé stanoveni dg. lokalné pokrodily neresekabilni
tumor

* 4. nejCastejsi pricina cancer-related mortality celosvetove
» 5-leté preziti jen u 5-10% pacientU



Zobrazovaci metody — siroke spektrum

* transabdominalni UZ
« MDCT

* Endosono

* MRI

* MRCP

a DCT/NMT
Wl il etlale) | BV Each imaging modality has both its advantages and

disadvantages according to the four, different aspects regarding pancreatic cancer

imaging evaluation: (1) identification of the primary tumor; (2) local tumor

resectability; (3) distant metastasis; and (4) treatment monitoring.



Pancreatic cancer: ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up,
2023

Recommendations
Imaging

. Multiphasic contrast-enhanced thoracic-abdominal and pelvic CT, including late arterial phase and portal venous phase,

should be used as the first-line imaging modality for suspected PC [III, A].

» It'is recommended that, in case of jaundice due to an obstructive head PC, imaging should be carried out betore biliary
drainage or stenting [IV, A].

- Imaging should be carried out in the 4 weeks before starting treatment [III, A].

+ Abdominal MRI may be used when CT cannot be carried out, is inconclusive or for pancreatic cystic lesions [IV, C]; in this case
chest CT is mandatory [III, A].

- Dedicated imaging protocols are suggested [IV, B]. Comprehensive analysis of imaging findings should be incorporated in

standardised reporting templates [IV, A].

PET—CT is not recommended for diagnosis of primary tumours [III, D] but may be useful for staging localised tumours and in

cases where the presence of distant metastases is uncertain (doubtful imaging or high CA 19-9)fjiss:]R

- Hepatic MRI is recommended before surgery to confirm the absence of small liver metastases [III, B].

. Cytology or biopsy proof of PC should be obtained before initiation of ChT in localised disease, preferably by EUS guidance [III,
Al.

- All patients with localised disease should have imaging reviewed at an MDTB with experts in pancreas imaging, pancreas

surgery and oncology [III, A].



CT

* metoda 1. volby pri podezreni na duktalni adenoca pankreatu —
diagnostika + staging (validovana, standardizovana)

* preferovana pro svoji sirokou dostupnost, vysokou dg. presnost,
senzititiva 89-97%

* limitace CT - velikost tumoru (u tumoru <2 cm senzitivita klesa na 83%
* predikce resekability 77%

* predikce neresekability 93%

e ++ + CT dual-energy / spectr. NCCN V2.2023 resectability criteria
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Limitace CT diagnostiky pri stagingu

Early peritoneal disease can be hard to identify, and evidence is lacking into imaging
effectiveness for its diagnosis.

® pe ritonea ln | metasta Zy CT is not sensitive for the detection of small peritoneal lesions, but larger lesions may be noted

(senzitivita okolo 70-80procent).

Liver metastases frequently present as multiple lesions less than 10mm in
size and are predominantly in a subcapsular location.

E Jate mim etaStaZy Subseoc|1ue(r)1tly the sensitivity of CT for detecting liver metastases is low,
around 75%.

CT has a reported sensitivity of only 14-44% for diagnosing nodal
tumor infiltration when 10 mm short-axis is used as diagnostic
criterion

* N staging

lymph node staging remains difficult at CT, with a dismal 37%
sensitivity and a more acceptable 79% specificity

Jaterni a peritonealni rozsev je detekovan behem operace u 20%
pacienty, ktefi byli dle CT vwhodnoceni jako resekabilni.




Limitace CT diagnostiky pri restagingu

e nadhodnoceni velikosti tumoru a rozsahu cévni invaze
 podhodnoceni lé€ebného efektu
 RECIST kritéria maji malou resp. zadnou vahu

* ulohou restagingového CT je vyloucCit progresi onemochneéni

* + hladina tumor markeru CA19-9 (In a pooled analysis of 17 studies
and 2242 patients, a CA 19-9 decrease of >50% or a normalisation of
CA 19-9 after neoadjuvant treatment were significantly associated with
better overall survival (OS; P < 0.0001).2Y)

Ye, C. - Sadula, A. - Ren, S. The prognostic value of CA19-9 response after neoadjuvant therapy in
patlents with pancreatic cancer: a systematic review and pooled analysis Cancer Chemother
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https://www.annalsofoncology.org/article/S0923-7534(23)00824-4/fulltext

Pancreatic cancer: ESMO Clinical Practice

Guideline for diagnosis, treatment and follow-up,
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v in view of the overlap of PC findings with autoimmune and chronic pancreatitis.*® Furthermore, a meta-analysis of 17 clinical
E studies that recruited 1343 patients showed that PET-CT had no superiority over CT in identifying distant metastasis, with a 7.8%

2 false-positive rate and a 9.8% false-negative rate.*



Pancreatic cancer: ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up,
2023

Recommendations
Imaging

- Multiphasic contrast-enhanced thoracic-abdominal and pelvic CT, including late arterial phase and portal venous phase,
should be used as the first-line imaging modality for suspected PC [III, A].

- It is recommended that, in case of jaundice due to an obstructive head PC, imaging should be carried out before biliary
drainage or stenting [IV, A].

- Imaging should be carried out in the 4 weeks before starting treatment [III, A].

- Abdominal MRI may be used when CT cannot be carried out, is inconclusive or for pancreatic cystic lesions [IV, C|; in this case
chest CT is mandatory [IIT, A].

- Dedicated imaging protocols are suggested [IV, B]. Comprehensive analysis of imaging findings should be incorporated in

standardised reporting

PET—CT is not recommended for diagnosis of primary tumours [III, D] but may be useful for staging localised tumours and in

cases where the presence of distant metastases is uncertain (doubtful imaging or high CA 19-9)

epatic MRI'is recommended before surgery to confirm .
- Cytology or biopsy proof of PC should be obtained before initiation of ChT in localised disease, preferably by EUS guidance [I1I,
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Pozitronova emisni tomografie PET s 18F-FDG

* maligni léze obecné vykazuji zvysenou FDG aviditu
* vetsina benignich l&zi je charakterizovana normalnim nebo jen
minimalné zvysenym vychytavanim FDG

* fokusy abnormalne zvyseneho FDG vychytavani jsou povazovany za
suspektni z malignity

* vmnoha pripadech metabolicka alterace predchazi morfologicke
zmeny

* v pripade jaternich lezi je zvysené vychytavani FDG silnym indikatorem
malignity, nicméné malignita nemuze byt zcela vylou€ena ani pfi
absenci FDG avidity, zejména u malych lozisek



PET/CT u duktalniho adenoca pankreatu

» fllzované PET/CT, dedikovany protokol v diagnostické kvalité —
multifazicke ceCT

* Nejcastéji uzivany radionuklid '8F fluoro-2-deoxy-D-glucose (FDG)
— predpoklad zvyseného metabolizmu glc u malignich bb.

e Senzitivita FDG PET/nativniCT 85% - 97%
e Senzitivita FDG PET/ceCT 96%.

e Standardni PET priprava, aplikace 15 mCi radionuklidu FDG i.v.,
1hod akumulace, skenovani




PET/CT u duktalniho adenoca pankreatu

* 1. detekce adenokarcinomu slinivky

» 2. staging adenokarcinomu slinivky 18F-FDG PET/CT
* 3. prognosticka hodnota 18F-FDG PET/CT

* 4. recidiva onemocneni

* 5. planovani radioterapie



1. Diagnostika adenoca slinivky

e m eta 'a n a lyza 5 1 StU d I I [Tang S, Huang G, Liu J, et al. Usefulness of '®F-FDG PET, combined FDG-PET/CT and EUS in diagnosing primary pancreatic

carcinoma: a meta-analysis. EurJ Radiol 2011],

PET - senzitivita 88.4%, specificita 83.1%,
PET/CT - senzitivita 90.1%, specificita 80.1%, %,
Endosono - senzitivita 81.2% specificita 81.2%
CT - senzitivita 89-97%

* metody srovnatelné - PET-CT does not offer clear benefits over CT or MRI for
this purpose

* +++ FDG PET detekce tumorl <2 cm, tzv. izodenzni tumory
e (Il sub-centimeter minimum size threshold PET)



Hot spot

 Oblast zvysené akumulace na
PET/CT

 Udavane SUV pankreatického
karcinomu (3.50 £ 1.66) vs.
benignileze (1.91 £ 0.65) a
normalni slinivky

* SUV u adenoca p. téz vyssi nez
u pacientu s chronickou
pankreatidou.



2. staging adenokarcinomu slinivky 18F-FDG
PET/CT

e periotnealni meta

* detekce vzdalenych metastaz . .
B A \ ; Zhodnoceni Zobrazovaci
PET-CT 93% senzitivita v detekci jaternich meta

>1cm, 70% u lozisek vSech velikosti

. . . . Primarni tumor 1. ceCT
PET meniterapeuticky plan az u %1 pacientu kvulli 5 ceMRI
nalezu vzdalene diseminace
) I 3. PET/CT
* hodnoceni N+ mirne zpresneni, PET vs. CT bl (T =
sensitivita z 30% na 49% a specificita z 63% na disemiﬁace '
93% pri hodnoceni N
2. PET/CT
Vaskularniinvaze 1. ceCT
2. ceMRlI
Vzdélené 1. PET/CT
metastazy

2.ceCT



PET/CT hodnoceni lymf. uzlin



3. Prognosticka hodnota 18F-FDG PET/CT

« SUV__. je nezavisly prediktor délky celkového prFeziti u pacientu s lokalné
pokrocCilym nalezem

e Pacienti s vyssim SUV pred chemoradioterapii byvaji lepSi respondéri s delsi
dobou preziti (rychle proliferujici bunky jsou chomesenzitivngjsi a
radiosenzitivnéjsi)

* Pretrvavajici vysoke SUVs po neoadjuvanci jsou spatny prognosticky faktor

a significantly higher overall survival (17 vs 9.8 months) and progression-
free survival (8.4 vs 3.8 months) was seen in patients with a greater decrease in
SUV compared to those with a lesser decline

* VWyuziti FDG PET/CT a PET/MRI pro predikci a zhodnoceni léCebné odpovedi
ChRTh u hrani¢né resekabilnich adenoca (presnéjsi nez ceCT), koreluje s
histologickou odpovedi



PERCIST - PET Response Criteria in Solid
Tumors

 stejné jako u jinych novotvarl muze volumetrické redukci na CT
predchazet vyznamné snizeni absorpce FDG.

* u adenoca pankreatu muze byt metabolickd odpovéd na léCbu

detekovana drive nez morfologické zmenseni tumoru (presnejsi
nez sledovani CA19-9)

* Bylo potvrzeno, ze PERCIST kritéria a SUVmax jsou v hodnoceni
neoadjuvantni léCby presnejsi nez RECIST.



4. Recidiva onemocnéni

* po operaci, 72%-92% adenokarcinomu pankreatu lokalné zrecidivuje do 2 let (lGZko
po operaci, upon mezenteria, reziduum pankreatu)

» vzdalené metastazy —jatra, plice
* FDG PET je senzitivhejsi nez ceCT k detekci recidivy

* abnormalni uroven PET aktivity v lUZku po operaci za déle nez 3 mé&sice indikuje
recidivu / reziduum tumoru

* Arecent meta-analysis comprising of 7 studies with a total of 333 patients found:
« Samotné ceCT senzitivita 70% a specificita 80%,
 PET/ceCT nejvyssi senzitivitu 95% a specificitu 81%.
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Limitace PETCT

 faleSné-negativni vysledky u pacientl s hyperglykémii
 faleSné-negativni vysledky u mucindéznich a nekrotickych tumoru
* jaterni a peritonealni metastazy s velikosti pod 1cm

e periampularni tumory v tesné blizkosti PET-avidniho streva

* | benigni procesy (napf. akutni pankreatitida) mohou vykazovat
zvysenou FDG akumulaci

* pancreaticky duktalni adenokarcinom muZze vykazovat i nizkou nebo
zadnou akumulaci znacené glukozy



Hybridni PET/MR

* integrované PET/MR skenery se stali v poslednich letech dostupné

e +++ MR vysoky tkanovy kontrast, multiplanarni akvizice, DCE-MR,
DWI, MR spektroskopie, elastografie — lepsi nez PET/CT ?7??

e +++ senzitivita FDG PET

A LALAL % L%l bJ’ ALVWF WV Lo e v u;uubu wd A uuu;x;;l\.luuu, Al LA LL Y v I LA u bl b LAV W o ulbul l\;llllll—l}

S 110 Teia (o) 10 BB 0 Gl W BV Telh ybrid positron emission tomography /MR, which are

expected to become widely used and to show excellent performance for pancreatic

cancer imaging in the near future.



patients with pancreatic disease[50]. (€A% 181 TR LT o) it s G bR o Ln = B oY LY I 2

compared with that of CT, there are several specific situations in which MRI is superior

V 4
Vy h O d y M R I o CT: small tumors, hypertrophied pancreatic head, isoattenuating pancreatic cancer,

LBl Bl Al Vil i et 0 iR R R 0kl 17]. Therefore, MRI has been proven to

be outstanding for characterizing pancreatic masses. MRCP is also a very successful

* MRI - zobrazovaci metoda druhé volby pri diagnostice adenoca

* MRl umoznuje presneéjsi detekci jaternich metastaz (hepatospec.
k.l.,DWI), senzitivita 85-100%. (! malé abscesy)

o literarné uvadéno 10-25% pozitivnhich nalezu jaternich metastaz na MR
po inicialne negativnhim CT

* +++ cystickeé léze pankreatu

+++ maleé a izodenzni tumory
 alternativa u alergie na jod.k.l.



PET/MR

* |n a prospective study®3 of 37 PDAC patients at initial diagnosis,
FDG PET/MRI vs. FDG PET/CT vs. ceCT.

* similar results and no significant differences between the
modalities, making PET/MRI a good alternative to PET/CT with
less radiation exposure.

L e e L N

of pancreatic tumors, the AUC of |2 WA I8 8:1:(s 834 28 WA I CRIRSION R AV WAL HE IS ¢ Tey 1o [y

accuracy was 54% vs 31%,; and M staging accuracy: was 94% vs 88%, demonstrating no

significant differences; however, PET/MRI produces lower radiation. |[ailyetele} (€3] K>:q0] (o) ¢:e!



PET/MR protokol ha nasem pracovisti

e Standardni PET priprava

e 18F-FDG i.v., Thod akumulace, akvizice dat

* MR cast:

Celotrupova T1 DIXON, T2

T2 FS hrudnik

3D dual echo, T2 DIXON, DWI, T1 FS postkontrastne dynamicky

* Indikace na nasi klinice:

staging lokalneé pokrocCilych adenoca,

zhodnoceni efektu neoadjuvantni chemoradiotherapie pred a po lécbé




PET/MR u duktalniho adenoca pankreatu

* (1. detekce adenokarcinomu slinivky)
e 2. detekce vzdalenych metastaz (lepsi nez PET/CT)

* 3. prognosticka hodnota 18F-FDG PET/MR (PET/MRI can provide
early treatment response assessment)

* 4. recidiva onemocnéeni (PET/MR odhali nejvic vzdalenych
metastaz)



adenoca pankreatu v oblasti hlavy




jaterni parenchym bez metastaz




Hybridni metody u neuroendokrinnich tumort

* pNET— s vyjimkou inzulinomu a $patné diferencovanych tu — jsou charakterizovany
bohatou pritomnosti somatostatinovych receptoru (SSRs) na b. membrane. Funkcni
zobrazovani s vyuzitim somatostatinovych analogu.

* puvodni SPECT na gamma kamerach Indium-111 (""'In) octreotide postupné
nahrazen PET radiofarmakama with lepsSimi vlastnostmi pro zobrazovani (°8Ga-
DOTA-TATE, ¢8Ga DOTA-TOC, %8Ga DOTA-NOC - senzitivita 93% a specificita 96%.)

* Dobre diferencovane tumory - 18F-FDG negativni, octreotid pozitivni

» Spatné diferencované pNETs a jejich metastazy — nizka exprese SSR a vysoky glc.
metabolizmus



Novinky v hybridnim zobrazovani

* Radiofarmaka:

s 18F-3'-fluoro-3'-deoxy-L-thymidine (FLT)
+++ u rychle proliferujicich bb.

prediktor prognozy

odliseni recidivy od poop. fibrézy a zanétu

»»Gallium-68-labeled fibroblast activation protein inhibitor (FAPI)
PET-CT detekce patolog. uzlin




Strukturovany radiologicky nalez

 doporuceny
e standardizovana komunikace

e zadna z relevantnich struktur v hodnoceni
stadia onemocneni neni prehlédnuta /
zapomenuta

Checklist Staging Pancreatic cancer

Location
Morfology
Diameter
Enhancement
CBD and PD
Stent in situ
Parenchyma

Coeliac trunc-
AMS - hepatic.a

Portal vein -
VMS

Invasion

T-stage

N-stage

M-stage

Periampullar - head - body - tail
Solid - cystic - mixed

Largest diameter in mm in any plane
Hyper - iso - hypo

Diameter

No - yes

Normal - atrophic - pancreatitis

Normal anatomy or variation - collaterals
Contact: no | <90° | 90°- <180° | 180°- <270° | >270°
Stenosis: no | <50% | >50% | occlusion

Contact: no | <90° | 90°- <180° | 180°- <270° | >270°
- length of venous involvement
Stenosis: no | <50% | >50% | occlusion | thrombosis

Peripancreatic fat - root of mesentery-
hepatoduodenal lig - Inferior caval vein -
Aorta - duodenum - transverse colon

T1-T4
Regional lymph nodes

Metastases - non-regional lymph nodes




Zaver

e Zobrazovani - krucialni role ve vsech stadiich onemocnéeni
* Ma primy a zasadni vliv na rozhodnuti o terapeutickém planu

» Zkuseny radiolog — zakladni stavebni kamen multidisciplinarniho
tymu
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