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Pozitrónová emisná tomografia
funkčno-metabolická zobrazovacia metóda (molecular imaging), 
kombinovaná s morfologickou zobrazovacou modalitou (CT, MR) 
=> obrazová fúzia, hybridné systémy PET/CT, PET/MR 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18F-fluórdeoxyglukóza (FDG)

falošný analóg glukózy 
miera akumulácie FDG v tkanivách zodpovedá metabolickému 
obratu bunky, jej biologickej ak4vite

3

norm.b. nádor.b.

Odo H. Warburg, 1931



FDG-PET/CT u pľúcnych tumorov

! najčastejšia dg odosielaná na PET (USA) 
 - cca 30% vyšetrení 

! Solitárne pľúcne noduly 
! Stanovenie iniciálneho štádia ochorenia 
! Plánovanie RAT 
! Restaging po liečbe, monitorovanie efektu liečby 
! Odhalenie recidívy



Stanovenie iniciálneho štádia

! nevyhnutné na odhad 
prognózy, voľbu 
opRmálnej liečby 

! TNM klasifikácia 
(8. edícia v 2017)

Stage I involves T1/T2a N0 M0 tumors; stage II involves
either T2b/T3 N0 M0 tumors or T1/T2 N1 M0 tumors.
Stage III is now divided into three subgroups. Stage IIIA
includes T4 N0 M0 and T3/4 N1 M0 tumors as well as
T1/T2 N2 M0 tumors. Stage IIIB tumors are either
T3/T4 N2 M0 or T1/T2 N3 M0. Stage IIIC involves
T3/T4 N3 M0 tumors. Stage IV is divided into two
subgroups. Stage IVA includes all M1a and M1b tumors,

regardless of T or N classification. Stage IVB involves all
M1c tumors.

Multiple Pulmonary Sites of Lung Cancer

Patients with multiple pulmonary sites of lung cancer
are seen with increasing frequency. There has been
significant variability in how TNM classification has

TABLE 4 ] N Subclassification

Category Subclass Description

Nx Regional lymph nodes cannot be
assessed

N0 No regional lymph node
involvement

N1 N1a Single-station N1 involvement

N1b Multiple-station N1 involvement

N2 N2a1 Single-station N2 without N1
involvement (skip)

N2a2 Single-station N2 with N1
involvement

N2b Multiple-station N2 involvement

N3 N3 lymph node involvement

TABLE 5 ] LungCancer StageGrouping (Eighth Edition)

T/M Label N0 N1 N2 N3
T1 T1a ≤1 IA1 IIB IIIA IIIB

T1b >1-2 IA2 IIB IIIA IIIB
T1c >2-3 IA3 IIB IIIA IIIB

T2 T2a Cent, Yisc Pl IB IIB IIIA IIIB
T2a >3-4 IB IIB IIIA IIIB
T2b >4-5 IIA IIB IIIA IIIB

T3 T3 >5-7 IIB IIIA IIIB IIIC
T3 Inv IIB IIIA IIIB IIIC
T3 Satell IIB IIIA IIIB IIIC

T4 T4 >7 IIIA IIIA IIIB IIIC
T4 Inv IIIA IIIA IIIB IIIC
T4 Ipsi Nod IIIA IIIA IIIB IIIC

M1 M1aContr Nod IVA IVA IVA IVA
M1aPl Dissem IVA IVA IVA IVA
M1b Single IVA IVA IVA IVA
M1c Multi IVB IVB IVB IVB

See Table 3 text and legend for expansion of abbreviations.

Figure 2 – Graphic illustration of stages 0, I, and II.
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been externally validated against the US-based National
Cancer Database (publication underway) which consists
largely of nonsurgically managed patients; therefore, this
external validation demonstrates excellent
discriminatory validity of the eighth edition stage
classification in the United States and in nonsurgical
cohorts.

It is important to understand the relationship between
stage classification and prognosis. Differences in
prognosis that were consistent across multiple
subgroups and adjusted multivariate regression analyses
were used prominently (but not exclusively) to decide
how to classify tumors in groups that are sufficiently
internally homogeneous but also distinct from one
another. Additionally, although there is no question that
the anatomic extent of disease has an impact on
prognosis, prognosis is also affected by a multitude of
other patient-related (eg, performance status, age,
comorbidities, competing causes of death), tumor-
related (eg, histologic subtype, grade, PET intensity,
genomics), environment-related (eg, access to care,
quality of care), and treatment-related factors (eg, which
treatment is chosen, treatment response). The variability
within the IASLC database and the need for careful
adjusted analyses underscores this. Finally, stage
classification is a nomenclature and therefore must
inherently remain relatively static and universally
applicable, whereas prognosis is fluid, constantly
changing, and specific to an individual patient, clinical
setting, and point in time.20

There is a strong temptation to focus on the outcomes of
the patients in the IASLC database (Table 7). These
outcomes represent an average of patients from various
parts of the world, diagnosed between 1999 and 2010
and treated in many different ways. How applicable this
is to patients diagnosed today in a specific locale and
treated in a specific way is highly questionable. This is
underscored by the variability in outcomes by regions
and type of source data in the IASLC database.6

Furthermore, outcomes are substantially better in the

1999 through 2010 database than the IASLC 1990
through 1999 database (approximately 30% better but
variable by stage).6 Outcomes have presumably
improved further in the current period, but this is not
defined.

There is a strong need for a prognostic prediction model.
To be clinically useful, this should be current (applicable
to patients managed today), specific for an individual
patient, and be accurate and validated. Each of these
aspects is inherently problematic. We must use data
from the past (with known outcomes), yet apply it to the
future in a rapidly changing field. It must be flexible to
accommodate new prognostic factors, but robust model
development requires sufficient follow-up and a large
database that includes all potential factors. Validation
also requires follow-up and sufficiently large cohorts—
how can this be accomplished in a manner that is
personalized for countless individual patients around the
world? The SPFC is working to address these challenges.
In the meantime, we must recognize that a clinician’s
ability to integrate complex information for an
individual patient is what we have and is probably
reasonably accurate. We should use the information
regarding the prognostic impact of the anatomic disease
burden (ie, the outcomes noted for the stage groups), but
we must account for the changing environment and
additional factors affecting prognosis in making a
prediction for a particular patient.

Stage classification is not a treatment guideline.
Treatment recommendations stem from the data we
have regarding outcomes of patients managed according
to a specific treatment strategy. Whatever name we put
on tumors (ie, a seventh edition or an eighth edition
name) does not alter the data we have regarding specific
treatment outcomes. The stage classification
nomenclature is used simply as a tool for
communication among clinical trials and clinical
guidelines, which is what one has to look to for
treatment recommendations.

TABLE 7 ] 5-Year Survival (%)

Type IA1 IA2 IA3 IB IIA IIB IIIA IIIB IIIC IVA IVB
Clinical 92 83 77 68 60 53 36 26 13 10 0
Pathologic 90 85 80 73 65 56 41 24 12 - -

Average overall survival in the International Association for the Study of Lung Cancer global database of patients receiving a diagnosis between 1999
and 2010. Data from Goldstraw et al.21
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T staging

! veľkosť, lokalizácia, vzťah k medias4nálnym 
štruktúram, pleure a hrudnej stene 

= CT má hlavnú úlohu 

FDG-PET: 
! odlíšenie tumoru od peritumorálnej zápalovej 

infiltrácie, atelektázy, ... 
! navigácia pre odber histológie 
! e loco ignoto primárny TU



odlíšenie tumoru od 
atelektázy

nekroRcký tumor



N staging

! medias4noskopia: zlatý štandard, EBUS, EUS; perop. 

! CT: LU > 10mm, senz. 49-75%, špec. 66-75% 
! FDG-PET: senz. 85-91%, špec. 86-95%, dg presnosť 

92-95%, NPV 95% 
Pieterman, NEJM 2000; Gould, AnnIntMed 2003 

! vysoká NPV v I. št. umožňuje u PET(-) vynechať 
invazívny N staging (!! dostatočne akdvny prim. TU) 

! PET(+) LU je nutné histol. overiť invazívnou metódou 
(riziko FP nálezov)



N1: ipsilaterálne 
peribronchiálne a/alebo 
hilové LU, pos4hnu4e 
intrapulmonálnych LU 
priamim šírení primárneho TU 

N2: ipsilaterálne 
medias4nálne a/alebo 
subkarinárne LU 

N3: kontralaterálne 
medias4nálne a/alebo hilové 
LU, ipsilaterálne a/alebo 
kontralaterálne 
supraklavikulárne a/alebo 
skalenové LU



62r. muž, na CT TU pulm. l.dx., LAP v mediasRne 
PET/CT staging: T3N3M0, št. IIIB 
thoracotomia exploraRva: inoperabilný nález 
histol. primárny TU: invazívny plochobunkový Ca, LU: MTS

primárny TU

interlobárna LU

ipsilaterálna dolná  
paratracheálna LU

kontralaterálna  
medias4nálna LU



M staging

! pac. vo vyšších št. mávajú vzdialené MTS už pri prezentácii, 
často mimo rozsah konvenčných dg metód 

! 11-15% má pri PET MTS lézie, ktoré neodhalili iné 
zobrazovacie metódy                                         Lim, Thorax 2010 

! posúdenie susp. nálezov z iných dg modalít  

= FDG-PET/CT metóda voľby, ak v pláne kuradvny postup 

! PET nemôže vylúčiť MTS posRhnuRe CNS 
! u PET(+) nálezov, najmä solitárnych, histologizácia!



50r. muž, CT nález TU pulm. l.dx., LU v mediasRne 
PET/CT staging: T4N3M1, št. IV



Vplyv FDG-PET/CT na manažment och.

! v porovnaní s konvenčným postupom (KP): 
•zmena štádia u 19%, prevažne zvýš., detekcia 

vzdialených MTS u 10%, u 41% dodatočné info 
•zmena terapeuRckého plánu u 19% 

Lardinois, NEJM 2003 

! PLUS štúdia: 188 pac., rand. na KP a KP+PET 
•redukcia neprospešných torakotómií zo 41% na 21% 
•každé 5-te PET/CT vyš. ušetrilo 1 torakotómiu 

Van Tinteren, Lancet 2002



PET a klin. odporúčania

! Národné smernice pre opRm. dg a th (Kasan a spol., 2013) 
•PET ako alternadvny postup k invaz. stanoveniu N 

štádia u lokálne pokročilého ochorenia (IIIA, IIIB) 
hsp://www.unb.sk/data/files/154_narodne_smernice_2013.pdf 

! Odporúčania ACCS, ESTS, BTS, ESMO, NCCN, ... 
•ak je PET/CT dostupné, dopor. použiť na staging u pac. 

s plánovaným kuradvnym postupom 
De Leyn, EJCTS 2007; Lim, Thorax 2010; Silvestri, Chest 2013; NCCN 2018
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18FDG-PET/CT v plánovaní RAT
v porovnaní s CT presnejší N a M staging 

lepšia selekcia na agresívnu RT (vzdial. MTS 20%, extenz. och. 10%) 

ožarovanie len metab. akdvneho viabilného nádor. tkaniva 
BTV= biological target volume 

zníženie variability zakreslenia nádorového objemu (GTV) 
rôznymi lekármi 

redukcia toxicity spresnením ožiareného cieľového objemu u 
30% pacientov 

De Ruysscher D, Kirsch CM, Radiother Oncol., 2010
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zväčšenie GTV: MTS v morfologicky nezväčšených LU

zmenšenie GTV: atelektáza, neakdvne zväčšené LU na CT
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Zmenšenie variability delineácie 
GTV pomocou PET-CT 

Steenbakkers R, Int J Radiat Oncol Biol Phys., 2006

CT

PET/CT



Respiračné hradlovanie

sledovanie pohybu nádoru v priebehu liečby 
čas = štvrtá dimenzia (4D) 



Prečo 4D-PET/CT?

! zvýšenie senziRvity na záchyt drobných lézií 
! presnejšia kvanRfikácia 
! presnejšie kontúrovanie pre plánovanie RAT
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nehradlovaný PET respiračne hradlovaný PET



opasok so senzormi

infračervená kamera





Príprava pacienta a metodika

Plánovacie lôžko a pomôcka (WingSTEP) 
Označenie orientačných bodov a posuvov na 
koži pacienta značkami
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Nastavenie opasku so senzormi na 
hradlovanie snímania



63r. muž, epiderm. Ca pulm. l.sin., T3N3M0, kš. IIIB, stp CHT do 8/2017 
(4c cDDP+NVB): hypermetabol. ložisko v S3/S4 l.sin., so spikul. do okolia, 
45x38mm, SUVmax 12,84, ventrálne v S4 konsolidácia parenchýmu bez 
akRvity, v.s. postobštrukčná pozápalová dyselektáza











Naše vlastné skúsenosR

2011-2012 pilotná štúdia 25 pac. NOÚ a BIONT, a.s. 
!významný vplyv 18FDG-PET/CT na GTV  

u 50% pacientov 
!významná redukcia objemu ožarovaných pľúc 
!zmena štádia a stratégie liečby u 16% pac. 

!teraz už cca 200 pacientov



GTV PET TU GTV PET LU

GTV CT TU+LU

T2N2M0Pacient č. 3



GTV PET TU 

T4N0M0Pacient č. 7

GTV CT TU+LU



V20CT=35%   V20PET/CT=20% 
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Zmena stratégie liečby u 4/25 (16%)



Problémy

! Niektorí pac. po CHT majú len minimálnu 
metabolickú akRvitu reziduálneho TU tkaniva 

! Chýba vstupné vyšetrenie pred CHT 

! Načasovanie / dostupnosť termínu vyšetrenia
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ZhrnuRe

! PET/CT zlepšuje selekciu pacientov vhodných na 
agresívnu rádioterapiu  

! Je preferovanou metódou na delineáciu GTV pri 
plánovaní RT, najmä u pac. s atelektázou, 4D-PET/CT 

! Redukuje toxicitu RAT liečby 

! Umožní individualizovanú vysoko-konformnú rádioterapiu 
(dose-painRng), potenciálne eskalácia dávky pri hypoxii 

! Nevyhnutná je úzka spolupráca pneumo-onkológa, 
radiačného onkológa a nukleárnej medicíny



MUDr. A. Masaryková 

MUDr. D. Šćepanović, PhD. 

prim. MUDr. M. Pobijáková 

a kol. Odd. rad. onkológie NOÚ 

MUDr. R. Godál
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A. Masaryk 

a kol. PET centra BIONT, a.s. 

L O G O T Y P    1. 1. 1.

CORPORATE DESIGN MANUAL

Logotyp pozostáva z nedeliteºnej kombinácie
písma a grafického znaku, celok nesmie byÈ
kompoziãne, farebne ani inak deformovan˘. 


