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Wykaz skrotow

IASLC: Miedzynarodowe Stowarzyszenie do Badan nad Rakiem Pluca
TNM: klasyfikacja Tumour, Node, Metastasis

PET-CT: pozytonowa emisyjna tomografia komputerowa
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3ALN+: grupa pacjentow u ktérych pobrano wezet grupy 3a
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MLND: catkowite wyciecie weztdw chtonnych srodpiersia

MLNS: systematyczny sampling weztéw chtonnych Srédpiersia

Streszczenie w jezyku polskim
Wstep i cele

Status weztéw chtonnych w niedrobnokomdrkowym raku ptuca jest jednym z najwazniejszych
czynnikow rokowniczych. Jednakze, nadal toczy sie wiele kontrowersiji i dyskusiji dotyczgcych
tego aspektu. Z tego powodu zdecydowaliSmy sie przeanalizowaé nastepujgce zagadnienia

dotyczgce limfadenektomii w raku ptuca:

I.  przeglad alternatywnych metod klasyfikacji weztéw chtonnych w klasyfikacji TNM raka
ptuca,
II. istotno$¢ kliniczng i wptyw resekcji wezta przednaczyniowego 3A na o0goding
przezywalno$¢ pacjentéw z prawostronnym rakiem ptuca,
lll. istotnoé¢ kliniczng oraz wptyw zjawiska braku pobrania weztéw chtonnych (pNx) na

0g0Ing przezywalnosc¢ w raku ptuca.
Materiat i Metody

I. DokonaliSmy przegladu bazy danych PubMed na podstawie nastepujgcych klasyfikaciji
weztéw chtonnych: dotychczasowa klasyfikacja TNM, liczba pozytywnych weztéw chtonnych,
liczba negatywnych weztéw chtonnych, liczba pobranych weztéw chtonnych, stosunek weztéw
chtonnych pozytywnych do pobranych, modyfikacja tego stosunku za pomocg logarytmu,
tancuchy weztdéw chtonnych, klasyfikacja oparta na strefach weziéw chtonnych oraz
klasyfikacja oparta na liczbie stacji weztéw chtonnych. UwzgledniliSmy réwniez kombinacje

tych klasyfikaciji.



Il. Dane z bazy danych Polskiej Grupy Raka Pluca dotyczgce 6348 pacjentow, ktérzy byli
poddani resekcji migzszu ptucnego w latach 2005-2015, zostaly retrospektywnie
przeanalizowane. Resekcja weztéw 3A zostata wykonana u 221 pacjentéw (BALN+), podczas
gdy u 6217 pacjentéw nie dokonano takiej resekcji (3ALN-). Przeprowadzilismy Propensity
score matching by zminimalizowa¢ stronniczo$¢ wyboru oraz zwigkszy¢ site statystyczng

pracy. Sparowano 221 pacjentow z grupy 3ALN+ i 221 z grupy 3ALN-.

[ll. Dokonalismy retrospektywnej analizy bazy danych Polskiej Grupy Raka Ptuca. Zjawisko
pNx zostato zdefiniowane jako 0 pobranych weziéw chtonnych. Uwzglednilismy 17192

pacjentow.

Wyniki

I. Analiza dotychczasowej literatury pokazata, ze obecna klasyfikacja weztéw chtonnych moze
prowadzi¢ do niedoktadnego grupowania chorych. Klasyfikacje oparte na liczbie pozytywnych
wezidéw chionnych, stosunku weztdéw chtonnych lub jego matematycznej modyfikacji sg
najbardziej przebadane w licznych pracach. Z tego powodu na podstawie wspomnianych
licznych danych powinny by¢ uwzglednione w pierwszej kolejnosci jako potencjalne

dodatkowe czynniki w klasyfikacji cechy N w TNM.

Il. Czestos¢ wystepowania przerzutow do weztdéw 3a wynosita 8% i rosta wraz z stadiami pT.
Miedzy pT1c oraz pT2a zauwazono istotny wzrost czestosci, ktéry zostat podwojony z 4% do
9%. W przypadku pT4 czesto$¢ wynosita az 15%. Najwieksza czestos$¢ byta zauwazona wérod
pacjentow poddanych pneumonektomii (10%) oraz w podgrupach N2b1 i N2b2 (33% i 64%).
W analizie jednozmiennej nie znalezli$my istotnych réznic w 5-letniej ogolnej przezywalnosci
miedzy grupami 3ALN+ a 3ALN- (51% vs 51%, p=0.74). Natomiast przerzutowe wezly i
nieprzerzutowe wezty 3ALN+ juz roznity sie istotnie (p<0.0001). Podgrupy pN2 (pN2af,
pN2a2, pN2b1 i pN2b2) po analizie Propensity Score Matching nie roznity sie istotnie pod
wzgledem przezywalnosci. Przerzut w wezle 3a nie byt niezaleznym czynnikiem
prognostycznym w analizie wielozmiennej w catej grupie po Propensity Score Matching jak i w

podgrupach pN2.

[1l. U 1080 pacjentow (6%) nie pobrano zadnych weztéw chtonnych (pNx). Pacjenci w tej grupie
czesciej byli mtodsi, czesciej byty to kobiety oraz mieli inny rozktad stadiéw pT, czesciej mieli
raka podstawnokomorkowego, czesciej byli poddani torakotomii, czesciej byli operowani w
osrodkach nieakademickich, mieli nizszy odsetek niektorych chordb wspdtistniejacych. Chorzy
z pNx czesciej byli cNO niz inni chorzy z pN1 i pN2, ale rzadziej niz chorzy z pNO (p<0.001).

W przypadku chorych pNx rzadziej dokonywano inwazyjnej diagnostyki weztow $rédpiersia niz



u chorych z pN1 oraz pN2, ale czesciej niz u chorych z pNO (p<0.001). Ogdlne 5-letnie
przezycia wynosity 64% dla pNO, 45% dla pN1, 32% dla pN2, 50% dla pNx. W poréwnaniu par
pN, wszystkie pary pN réznity sie istotnie od siebie (wszystkie p<0.0001 oprocz pNx vs pN1
p=0.016). Umiejscowienie krzywej przezywalnosci oraz ogdélnej 5 letniej przezywalnosci
chorych z pNx zalezato od histopatologicznego rozpoznania, dostepu chirurgicznego oraz
stadium pT. W analizie wielozmiennej, pNx byt niezaleznym czynnikiem ryzyka zgonu
(HR=1.37, 95%CI: 1.23-1.51, p<0.01).

Whnioski

I. Na podstawie przeanalizowanej literatury mozna wnioskowac, ze nastepne edycje cechy N
w klasyfikacji TNM mogg ulec ulepszeniu poprzez dodanie czynnika ilosciowego. Ponadto
powinno sie dojs¢ do konsensusu w zakresie minimalnej limfadenektomii w raku ptuca,
poniewaz zwieksza to jako$¢ stagingu. Niemniej wprowadzenie takich nowych klasyfikacji
wymaga miedzynarodowych prospektywnych badan walidacyjnych, by ustali¢ odpowiednie
punkty odciecia, grupy prognostyczne oraz by zdecydowac, ktora z klasyfikacji ilosciowych

powinna by¢ uzyta.

[I. Pomimo tego, ze wezly stacji 3A nie byty niezaleznym czynnikiem prognostycznym w naszej
kohorcie, czestos¢ przerzutow w tej stacji rosnie znamiennie w bardziej zaawansowanych
stadiach nowotworu. Odsetek przerzutéw w tej stacji jest porownywalny do innych, bardziej
rutynowych stacji weztéw chtonnych. Stad limfadenektomia z uwzglednieniem tej stacji weztow
chtonnych moze by¢ korzystna dla pacjentéw z zaawansowanym prawostronnym rakiem

ptuca.

[ll. Resekcja weztéw chtonnych w raku piluca pozostaje istotnym etapem leczenia
operacyjnego. Przezywalnos¢ podgrupy pNx jest poréwnywalna do podgrupy pN1. Istnieje
zaleznosc¢ przezywalnosci pacjentdow z pNx w zaleznoéci od innych czynnikéw co moze byé

uzyteczne w codziennej praktyce i decyzjach klinicznych.

Streszczenie w jezyku angielskim

Background

Lymph node status in non-small cell lung cancer is one of the most important prognostic
factors. However, many controversies and discussions persist regarding this aspect. For this

reason, we decided to explore the following issues regarding lymphadenectomy in lung cancer:

l. narrative review of alternative methods of lymph node classification in TNM

classification of lung cancer
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1. clinical relevance, impact of 3A prevascular lymph node resection on overall survival in
right-sided lung cancer
[l clinical relevance and the effect of zero lymph node retrieval (pNx) phenomenon on

overall survival in lung cancer.
Material and Methods

I. We reviewed the PubMed database based on the following lymph node classifications:
ongoing TNM classification, number of positive lymph nodes, number of negative lymph nodes,
number of lymph nodes retrieved, lymph node ratio, mathematical modification of this ratio by
logarithm, lymph node chains, lymph node zones, and number of lymph node stations. We
also included combinations of these classifications.

[l. We analyzed the data from the Polish Lung Cancer Group database on 6348 patients who
underwent lung resection between 2005 and 2015. 3A node resection was performed in 221
patients (BALN+), while 6217 patients did not undergo such resection (3ALN-). We performed
Propensity score matching to minimize selection bias and to increase statistical significance of
the study. We paired 221 patients from the 3ALN+ group and 221 from the 3ALN- group.

[ll. We performed a retrospective analysis of the Polish Lung Cancer Group database. The
pNx phenomenon was defined as zero lymph nodes retrieved. We included 17192 patients.

Results

I. Review of literature has shown that the current classification of lymph nodes may lead to
inaccurate staging of patients. Classifications based on the number of positive lymph nodes,
lymph node ratio or its mathematical modifications are the most studied in numerous papers.
For this reason, based on these numerous data, they should be considered first as potential
additional factors in the classification of the N feature in TNM classification.

Il. The incidence of 3a lymph node metastasis was 8% and it increased with pT stages. A
significant increase in frequency was noted between pT1c and pT2a, which was doubled from
4% to 9%. For pT4, the frequency was as high as 15%. The highest frequency was noted
among patients undergoing pneumonectomy (10%) and in the N2b1 and N2b2 subgroups
(33% and 64%, respectively). In univariable analysis, we found no significant difference in 5-
year overall survival between the 3ALN+ and 3ALN- groups (51% vs 51%, p=0.74). But
metastatic lymph nodes and non-metastatic lymph nodes of 3ALN+ differed significantly
(p<0.0001). The pN2 subgroups (pN2ai1, pN2a2, pN2b1 and pN2b2) were not significantly
different in terms of survival after Propensity Score Matching analysis. 3A lymph node
metastasis was not an independent prognostic factor in multivariable analysis in the entire

group after Propensity Score Matching as well as in the pN2 subgroups.
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[ll. In 1080 patients (6%), no lymph nodes were resected (pNx). Patients in this group were
more likely to be younger, more likely to be female, had a different distribution of pT stages,
were more likely to have squamous cell carcinoma, were more likely to have undergone
thoracotomy, were more likely to have been operated on in non-academic centers, and had a
lower rate of certain comorbidities. Patients with pNx were more often cNO than other patients
with pN1 and pN2 but less often than patients with pNO (p<0.001). Patients with pNx underwent
invasive diagnostics of mediastinal nodes less frequently than patients with pN1 and pN2 but
more frequently than patients with pNO (p<0.001). Overall, 5-year survival was 64% for pNO,
45% for pN1, 32% for pN2, and 50% for pNx. In the pairwise comparison of pN subgroups, all
pN pairs were significantly different from each other (all p<0.0001 except pNx vs pN1 p=0.016).
The location of the survival curve and overall, 5-year survival of patients with pNx depended
on histopathological diagnosis, surgical approach and pT stage. In multivariable analysis, pNx
was an independent risk factor for death (HR=1.37, 95%ClI: 1.23-1.51, p<0.01).

Conclusions

|. Based on the literature reviewed, it seems that, next editions of the N feature in the TNM
classification may benefit from adding a quantitative factor. In addition, there should be a
consensus on minimal lymphadenectomy in lung cancer, as this increases the quality of
staging. However, the introduction of such new classifications requires international
prospective validation studies to establish appropriate cutoff values and prognostic groups and
to decide which quantitative classification should be used.

[l. Although lymph nodes of station 3A were not an independent prognostic factor in our cohort,
the frequency of metastasis in this station increases significantly in more advanced stages of
cancer. The rate of metastasis in this station is comparable to other, more routine lymph node
stations. Hence, including this lymph node station in lymphadenectomy may be beneficial for
patients with advanced right-sided lung cancer.

[ll. Lymph node resection in lung cancer remains a key step in surgical treatment. The survival
of the pNx subgroup is comparable to the pN1 subgroup. The survival of pNx patients depends
on other factors which may be useful in daily practice and clinical decisions.

12



Wstep

Epidemiologia

W 2019 roku w Polsce rak ptuca byt drugim najczestszym nowotworem wsrod kobiet (tuz po
raku piersi) i wsrod mezczyzn (tuz po raku prostaty). Zostat on zdiagnozowany u odpowiednio
16,1% mezczyzn z nowotworem ztosliwym oraz u 9,9% kobiet z nowotworem ztosliwym.
Natomiast w 2019 roku rak ptuca byt najczestszg przyczyng zgonu z powodu nowotworu
ztosliwego wsrod kobiet i mezczyzn. Odpowiadat on za 17,9% zgondéw nowotworowych u

kobiet oraz 27,4% zgonéw nowotworowych u mezczyzn [1].

W ujeciu swiatowym rak ptuca jest najczestszym nowotworem ziosliwym wsréd mezczyzn
(14,3%) a w przypadku kobiet zajmuje on trzecie miejsce pod wzgledem czestosci
wystepowania (8,4%). Biorgc pod uwage smiertelno$¢ rak ptuca zajmuje pierwsze miejsce
wsrod mezczyzn z nowotworem ztosliwym (21,5% zgonéw), a w przypadku kobiet zajmuje on
drugie miejsce (13,7% zgonow). Wspotczynnik zachorowan (wystandaryzowany wzgledem
wieku) jest nizszy u kobiet (14,6 na 100 tys. osob) niz u mezczyzn (31,5 na 100 tys. oséb).
Podobnie wspofczynnik umieralnosci (wystandaryzowany wzgledem wieku) jest nizszy u

kobiet (11,2 na 100 tys. osob) niz u mezczyzn (25,9 na 100 tys oséb) [2].

Czynniki ryzyka

Najwazniejszym czynnikiem ryzyka zwigzanym z rakiem ptuca jest palenie papieroséw [3].
Palacze stanowig 85-90% wszystkich przypadkéw zachorowan na raka ptuca. Niemniej bierne
narazenie na dym tytoniowy réwniez przyczynia sie do zwiekszenia ryzyka zachorowania [4].
W 2019 roku palenie papieroséw zadeklarowato 21% Polakéw. Liczba palaczy od lat stale
spada, jednak wsréd kobiet mozna zauwazy¢ wzgledng stagnacje odsetka palaczek [5].
Zaprzestanie palenia papierosow wsrdéd oséb chorujgcych juz na raka ptuca poprawia

rokowanie [6].

Wspotczesnie, smog i zanieczyszczenia odgrywajg istotng role w etiopatogenezie raka ptuca
[7]. Do rzadziej wystepujgcych, ale nadal waznych czynnikdw ryzyka zalicza sie narazenie na

radon, spalanie wegla oraz biomasy w domu, azbest, arsen i wiele innych [4].

Klasyfikacja

Osma edycja klasyfikacji Tumour, Node, Metastasis (TNM) jest uzywana, by stratyfikowaé
pacjentow do odpowiednich stadidow zaawansowania (stage) nowotworu. Cecha T jest
oceniana na podstawie rozmiaru guza oraz naciekania okolicznych struktur. Cecha M jest
oceniania na podstawie wystepowania przerzutow odlegtych. Ocene cech T i N dokonuje sie

przedoperacyjnie (cT, cN) oraz pooperacyjnie (pT, pN) [8]
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Cecha N jest oceniania na podstawie lokalizacji przerzutéw do weztéw chtonnych. Cecha NO
oznacza brak przerzutéw w weztach chtonnych. Cecha N1 oznacza przerzuty w weztach
chtonnych przywnekowych, przyoskrzelowych oraz wewnatrzptucnych po tej samej stronie.
Cecha N2 oznacza przerzuty w weztach chtonnych $rodpiersia i/lub podostrogowych po tej
samej stronie. Cecha N3 oznacza przerzuty w wyzej wymienionych weztach chtonnych po
stronie przeciwnej lub w weztach chtonnych nadobojczykowych lub miesnia pochytego. W
leczeniu operacyjnym raka ptuca ta cecha budzi szczegdlne kontrowersje [8, 9]. Nietypowe
zjawiska takie jak ,przeskakujgcy” przerzut w weztach N2 bez przerzutéw w weztach grupy N1
(tzw. skip N2), mikroprzerzuty w weztach chtonnych czy klinicznie nieme przerzuty pN2
sprawiajg niemate problemy zaréwno dla naukowcow jak i praktykéw [10-12].
Miedzynarodowe Stowarzyszenie do Badan nad Rakiem Ptuca (IASLC) badato dotgczenie do
cechy N aspektu ilosciowego w dwoch ostatnich pracach dotyczgcych klasyfikacji cechy N [9,
13] Warto wspomnieé, ze w niektérych nowotworowych ztosliwych aspekt ilosciowy jest

uwzgledniony w klasyfikacji TNM (np. rak przetyku) [8].

Z punktu widzenia histopatologicznego najwazniejszym podziatem jest rozréznienie raka ptuca
na typ drobnokomérkowy oraz na niedrobnokomaorkowy. Drobnokomaérkowy rak ptuca z reguty
jest nowotworem nieoperacyjnym, szybko-przerzutujgcym, z duzo gorszym rokowaniem. Rola
chirurgii w takich przypadkach jest bardzo ograniczona [14, 15]. Z tego powodu wyzej
wymienione klasyfikacje majg zastosowanie gtéwnie w niedrobnokomérkowym raku ptuca. W
przypadku raka drobnokomérkowego stosuje sie podziat na 2 typy — posta¢ ograniczong i

uogdlniong [15].

Rokowanie

W populacji polskiej w latach 2014-2016 ogdlna 3-letnia ogdlna przezywalnos$¢ chorych z
rakiem ptuca wynosita odpowiednio 17% u mezczyzn i 24% u kobiet [16]. W populaciji
amerykanskiej 5-letnia ogdlna przezywalno$¢ pacjentow z rakiem ptuca wynosi 19%.
Zasadniczo ogolna przezywalno$¢ chorych z rakiem ptuca jest duzo gorsza niz chorych z

innymi nowotworami ztosliwymi [17].

Niska przezywalnos$¢ pacjentéw z rakiem ptuca spowodowana jest niespecyficznymi objawami
skutkujgcymi rozpoznaniem choroby w stadiach nieoperacyjnych. Ponadto, nawet pacjent z
mato zaawansowanym nowotworem moze by¢ zdyskwalifikowany z operacji z powodu ztego
stanu ogdlnego i wspoétchorobowosci. Rak ptuca to w gtéwnie choroba siodmej i 6smej dekady
zycia [18]. Bardzo czesto jest zwigzany z innymi odtytoniowymi chorobami takimi jak
przewlekta obturacyjna choroba ptuc, choroba niedokrwienna serca i wiele innych [19].

Przyktadowo w populacji koreanskiej w 2012 roku zaledwie 25% chorych na raka ptuca byto

14



poddanych operaciji, co i tak byto znaczgcym wzrostem od wczesniejszych 16% w 2003 roku
[20].

Piecioletnie ogdlne przezycia w zaleznos$ci od cechy pN wynoszg odpowiednio: 75% dla pNO,
49% dla pN1, 36% dla pN2 oraz 20% dla pN3 [9].

Diagnostyka przedoperacyjna

Podczas diagnostyki przedoperacyjnej pacjent najczesciej przechodzi przez szereg badan
obrazowych (radiogram klatki piersiowej, tomografia komputerowa, rzadziej rezonans
magnetyczny) oraz bronchoskopie. Proces diagnostyczny raka ptuca w Polsce niestety

zajmuje zbyt duzo czasu.

W przypadku stwierdzenia podejrzanych zmian w weztach chtonnych w tych badaniach
obrazowych (>10mm wezet chtonny) przeprowadza sie inwazyjng diagnostyke. Wykorzystuje
sie do tego celu bronchofiberoskopie z ultrasonografig wewnagtrz-oskrzelowg i biopsja
aspiracyjng (tzw. EBUS-TBNA) oraz ezofagoskopie z ultrasonografig wewnatrz-przetykowg i
biopsjg aspiracyjng (tzw. EUS-FNA). W przypadku niekonkluzywnych wynikéw w metodach
endoskopowych przeprowadza sie bardziej inwazyjne, operacyjne zabiegi — mediastinoskopie
i/lub mediastinotomie [15]. Ponadto w Polsce coraz czesciej wykonuje sie pozytonowg
emisyjng tomografia komputerowa (PET-CT). Jeszcze kilka lat temu dostepnos¢ tej metody
byta bardzo ograniczona, ale obecnie wiekszos¢ pacjentow przechodzi te badanie w celu
wykluczenia przerzutow regionalnych i odlegtych, w tym réwniez do weztdéw chtonnych.
Dodatni wynik PET-CT w zakresie weztéw chtonnych réwniez jest wskazaniem do inwazyjne;j
diagnostyki [15, 21].

Jak mozna zauwazy¢ przedoperacyjna diagnostyka weziéw chionnych $rodpiersia jest
szczegolnie wnikliwa. Wykrycie przerzutu w tych stacjach weztowych (cN2) jest niesamowicie
waznym czynnikiem podczas decyzji o ewentualnym zabiegu operacyjnym. Taki przerzut
wstepnie dyskwalifikuje chorego do zabiegu. Dopiero po stwierdzonej odpowiedzi na
neoadjuwantowg chemioterapie, pacjenta mozna zakwalifikowa¢ do leczenia operacyjnego
[15].

Wyniki badania NELSON oraz National Lung Screening Trial udowodnity skutecznos¢
przesiewowego badania metodg Niskodawkowej Tomografii Komputerowej w redukcji
Smiertelnodci wsrod wybranych grup ryzyka [22, 23]. W Polsce badania przesiewowe z
zastosowaniem tej metody sg obecnie w fazie pilotazu. Badanie skierowane jest do oséb
palgcych 220 paczkolat w wieku 55-74 lat lub w wieku 50-74 lat w przypadku dodatkowych
czynnikéw ryzyka [24, 25].
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Leczenie operacyjne

Mimo braku randomizowanych badan poréwnujgcych resekcje i brak interwencji, obecnie
chirurgia pozostaje najlepszg opcjg pacjentéw z niedrobnokomdrkowym rakiem ptuca na
catkowite wyleczenie [26]. Resekcja migzszu w granicach anatomicznych z usunigciem
weztéw chtonnych wneki ptuca oraz srodpiersia jest ztotym standardem leczenia u pacjentow
z potencjalnie resekcyjnym rakiem (stadia I, Il i wybrane IllA). Poza resekcyjno$cig nowotworu
innym czynnikiem ograniczajgcym mozliwos¢ leczenia operacyjnego jest stan ogélny chorego

i wspotchorobowo$¢ [15].

W przypadku nowotworéw niezaawansowanych (stadium | i niektore 1l) istnieje mozliwosc
przeprowadzenia zabiegu metodg matoinwazyjng poprzez torakoskopie (ang. video-assisted
thoracic surgery — VATS) [15]. W bardziej zaawansowanych przypadkach zastosowanie tej
metody budzi kontrowersje, gdyz dowiedziono znamiennie mniejszg liczbe pobranych weztéw
chtonnych podczas operacji [21]. W ostatnich latach coraz wiecej uwagi i prac poswieca sie

zastosowaniu robotyki w leczeniu chirurgicznym raka ptuca [27].

Biorgc pod uwage rozlegtos¢ resekcji tkanki ptucnej operatorzy najczesciej przeprowadzajg
lobektomie. Czasem ze wzgledu na umiejscowienie lub rozlegtos¢ procesu nowotworowego
wymagane jest wykonanie resekcji rozszerzonej (ij. bilobektomie, pneumonektomie, resekcje
rekawowe itp.). Z drugiej strony ze wzgledu na wspodtistnienie chorob ograniczajgcych
wydolnos¢é oddechowg moze istnie¢ koniecznos¢ przeprowadzenia resekcji mniej rozlegtej
(sublobektomii). Sg to najczesciej segmentektomie. a wykonywanie resekcji klinowych w tej
chorobie jest czesto uwazane za niezalecane [15]. Niemniej wyniki dwdch ostatnich badan
randomizowanych potwierdzity skutecznos¢ i doszczetno$¢ onkologiczng segmentektomii a
nawet resekcji klinowej w przypadku matych guzkéw (<2cm — T1a) [28, 29]. Ponadto resekcje
klinowe sg czesto pierwszym etapem operacji w celu wystania materiatu do Srodoperacyjnego
badania histopatologicznego, co pozwala na ustalenie wstepnego rozpoznania i dalszego

postepowania operacyjnego.

Limfadenektomia w raku ptuca

Dokfadna limfadenektomia pozwala na ustalenie wtasciwego stopnia zaawansowania pN i ma
kluczowe znaczenie w kwalifikacji pacjentéw do leczenia adjuwantowego [30]. Do klasyfikaciji
stacji weztéw chtonnych do odpowiednich grup cechy N oraz ich lokalizacji uzywa sie mapy
weztow chtonnych IASLC [31]. Jednak zakres limfadenektomii Srédpiersia dzieli naukowcow i
praktykdw od wielu lat. Po pierwsze toczy sie wiele dyskusji na temat minimalnej
akceptowalnej liczby weztdéw chtonnych pobranych podczas operacji. Wytyczne European
Society of Thoracic Surgeons zalecajg pobranie co najmniej 3 stacji weztdéw z grupy N1i 3

stacji weztdw z grupy N2 [32]. Ludwig i wsp. wykazali, ze rokowanie pacjentéw leczonych
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operacyjnie wzrasta wraz z rosngcg liczbg pobranych weztéw chtonnych az do wartosci 16
[33]. Z drugiej strony pojawiajg sie rowniez gtosy, ze liczba weztdéw chtonnych jest zmienna
osobniczo i zgodna z rozkladem normalnym Gaussa [34]. Catkowity brak pobranych weztow
chtonnych zostat przewidziany w klasyfikacji TNM (pNx). Wowczas rokowanie jest gorsze oraz
poréwnywalne bardziej do pN1 lub nawet pN2 niz pNO [8].

Po drugie, kolejnym punktem sporu jest technika operacyjna resekcji weztéw chtonnych
Srodpiersia. Wyroznia sie kilka zakresow limfadenektomii w zalezno$ci od ich rozlegtosci.
Najbardziej rozlegtym i posiadajgcym wielu zwolennikow jest catkowite wyciecie weziow
chtonnych $rédpiersia (ang. Mediastinal Lymph Node Dissection - MLND). Taki zabieg
obejmuje resekcje nastepujgcych stacji weztdw chtonnych: 2R, 4R, 7, 8, 9 po stronie prawej
oraz 4L, 5, 6, 7, 8, 9 po stronie lewej. Resekcja obejmuje usuniecie wszystkich weztéw wzdtuz
odpowiednich granic anatomicznych [35]. Inng nieco mniej rozlegta, ale rowniez popularng
technikg jest jest systematyczny sampling weztéw chtonnych srdédpiersia (ang. Mediastinal
Lymph Node Sampling — MLNS). Ten zabieg z kolei obejmuje podobne stacje weziéw
chtonnych lub ich nieco mniejszy zakres na przyktad nastepujgce grupy weztéw chtonnych:
2R, 4R, 7 i 10R po stronie prawej oraz 5, 6, 7 i 10L po stronie lewej. Istotng réznica jest
natomiast pobranie jednego lub kilku najbardziej reprezentatywnych weztéw chtonnych z danej
grupy. Pozostate wezty chtonne pozostajg nieusuniete [35]. Szczegdlnie wazne byto
randomizowane kontrolowane badanie, ktére wykazato, ze obie te metody sg poréwnywalne
pod wzgledem przezy¢ chorych we wczesnych stadiach zaawansowania nowotworu. Mnigj
inwazyjny sampling zyskat wtedy wielu zwolennikow [35]. Pojawiajg sie réwniez gtosy
przeciwne, wykazujgce wyzszos¢ metody rozleglejszej [36]. Bardziej kontrowersyjne sg
metody jeszcze mniej rozlegte niz sampling. Sg to Random Sampling — polegajgcy na losowym
wyborze stacji weztow chfonnych oraz resekcja weztéw chtonnych w zaleznosci od lokalizacji
guza (ang. Lobe Specific Lymph node dissection). Przyktadowo w przypadku goérnej lewe;j
lobektomii pobiera sie wezly z stacji: 4L, 5, 6. W kilku pracach naukowych dowiedziono, ze
metoda ta nie jest gorsza niz poprzednie [37, 38]. Rak ptuca moze przerzutowaé poza typowy
sptyw chtonki. Zjawisko wezta wartowniczego nie zawsze wystepuje, a przerzuty weztowe
mog3g sie pojawi¢ bezposrednio w weztach grupy N2 lub poza sptywem charakterystycznym
dla danego ptata ptuca [39]. Istnieje wiec pewne ryzyko pominiecia wezta chtonnego z

przerzutami w przypadku mniej rozlegtych metod limfadenektomii [40].

Innym aspektem limfadenektomii w raku ptuca jest zakres obowigzkéw poszczegdlnych
specjalistow. W duzym uproszczeniu patolodzy sg odpowiedzialni za ,wyciecie” weztow
chtonnych wewnatrzptucnych z preparatu — fragmentu ptuca. Z kolei zadanie chirurgéw polega
na wycieciu weztéw chionnych srédpiersia oraz wneki ptuca podczas operacji. Dlatego tez,

aspekty komunikacyjne, oznaczenie, transport oraz preparatyka prébek majg réwniez
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znaczenie w tym procesie. Przyktadowo w jednej z prac 9% przypadkéw pNO oraz 11%
przypadkow pN2 nie miato Zadnych pobranych weztéw z stacji grupy N1. Mimo resekcji tkanki

ptucnej, weztdw chtonnych wewnatrzptucnych z nieznanych powodéw nie wykryto [41].

Uzasadnienie potgczenia publikacji wraz z komentarzem

osiggniecia naukowego

Manuskrypt o tytule ,Alternative methods of lymph node staging in lung cancer: a narrative
review” (Impact Factor 3.005, 70 punktow MEIN) jest przegladem literatury na temat
alternatywnych metod stagingu weztébw chtonnych w raku ptuca. W manuskrypcie
wymieniliSmy parametry, ktére byly sugerowane przez badaczy jako zastgpienie
dotychczasowej klasyfikacji TNM lub jako dodatek do tej klasyfikacji. W literaturze byty to
gtéwnie parametry ilosciowe. Praca réwniez podkresla, ze im bardziej wyszukana metoda

klasyfikacji weztéw chtonnych tym wieksze znaczenie ma adekwatna limfadenektomia.

Manuskrypt o tytule ,Effect of 3A lymph node resection on survival in patients with right-sided
NSCLC: a retrospective, multicentre, propensity-score matching study” (Impact Factor 3.005,
70 punktéw MEIN) jest retrospektywng analizg wptywu resekcji stacji weztow chtonnych 3a na
podstawie bazy danych Polskiej Grupy Raka Ptuca. W pracy zastosowano tzw. Propensity
Score Matching by zwiekszy¢ site statystyczng prezentowanych wynikéw. Mimo, ze nie udato
sie udowodni¢ bezposredniego wptywu na ogolne 5-letnie przezycia chorych leczonych
operacyjnie na prawostronnego raka ptuca, udato nam sie dojs¢ do innych, istotnych
wnioskow. Po pierwsze czestos¢ wystepowania przerzutéw w stacji 3a rosnie wraz z stopniem
zaawansowania nowotworu. Po drugie czestos¢ wystepowania przerzutéw w tej stacji moze
by¢ porownywalna do innych stacji weztowych, ktore sg rutynowo pobierane podczas operacji.
Po trzecie lokalizacja guza w dolnym ptacie nie wyklucza istnienia przerzutu w tej stacji. Z tego
powodu resekcja stacji weztdbw chtonnych 3a, szczegdlnie w przypadku, gdy podejrzewamy
przerzuty do weztdéw chtonnych srédpiersia i/lub nowotwor ptuca jest duzy, moze by¢ korzystna
dla pacjentéw. Jest to rowniez dodatkowy wezet chtonny pobrany podczas operacji, co moze

przektada¢ sie na zwiekszenie jakosci limfadenektomii.

Manuskrypt o tytule “The absence of lymph nodes removed (pNx status) impacts survival in
patients with lung cancer treated surgically” (Impact Factor 2.388, 100 punktéw MEIN) jest
retrospektywng analizg wptywu zjawiska pNx (brak pobranych wezidéw chtonnych) na
podstawie bazy danych Polskiej Grupy Raka Ptuca. Mimo uptywu lat, zjawisko pNx nadal
pozostaje istotnym problemem klinicznym. Przezywalno$c¢ tej podgrupy jest gorsza niz pNO i
bardziej poréwnywalna do podgrup pN1 czy tez nawet pN2. Zjawisko pNx moze skutkowaé

pozostawieniem komoérek nowotworowych w weztach chtonnych i dyskwalifikacjg z leczenia
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adjuwantowego, co potencjalnie przektada sie na gorszg przezywalnos¢. Co ciekawe
przezywalnos¢ ta zalezy od innych czynnikdw. Generalnie czynniki pogarszajgce rokowanie
lub zwigzane z zwiekszonym stopniem zaawansowania nowotworu przesuwajg krzywag
przezywalnosci w strone krzywej pN2. Nawet u pacjentéw po pneumonektomii takie zjawisko
wystepuje, co jest zaskakujgce, gdyz materiat z weztéw N1 powinien by¢ bardzo obfity w takim
preparacie. Kolejnym zaskakujgcym przyktadem jest mozliwo$¢ wystgpienia przypadkow cN2-
pNx. Usystematyzowanie limfadenektomii w raku ptuca oraz poprawa komunikacji patolog-

chirurg klatki piersiowej sg niezbedne by ograniczy¢ wystepowanie tego zjawiska.

Zatozenia i cel pracy

Kontrowersje i problemy limfadenektomii sg przedmiotem wielu debat i prac naukowych na
temat raka ptuca. Mimo uptywu lat i kolejnych badan wcigz brak jest konsensusu dotyczacych
wielu aspektéw tego zagadnienia. Dlatego, gtéwnym celem niniejszej pracy doktorskiej byto
zbadanie niektérych z tych kontrowersji oraz problemoéow dotyczgcych limfadenektomii w

niedrobnokomérkowym raku ptuca. Szczegdtowe cele pracy byly nastepujace:

e Analiza ilosciowych parametréw dotyczacych liczby pobranych i/lub przerzutowych
weztdw chtonnych oraz ich ocena jako zamiennik lub dodatek do dotychczasowej
cechy N w klasyfikacji TNM.

e Zbadanie wptywu pobrania dodatkowego wezta chfonnego ze stacji 3a na ogoing
przezywalno$¢ wsréd pacjentdw leczonych na prawostronnego raka ptuca.

e Zidentyfikowanie czynnikdw ryzyka przerzutow do stacji 3a oraz czestoSci
wystepowania tych przerzutéw w zalezno$ci od stopnia zaawansowania nowotworu.

e Zbadanie czestosci wystepowania oraz czynnikow ryzyka zjawiska catkowitego braku
pobranych weztéw chtonnych (pNx) u chorych z rakiem ptuca.

o Analiza wptywu zjawiska pNx na ogolng przezywalnos¢ chorych oraz porownanie
przezy¢ do innych grup pN.

e Zidentyfikowanie podgrup, w ktérych zjawisko pNx rokuje duzo gorzej niz zwykle.
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Abstract: The nodal status indicator in non-small cell lung cancer is one of the most crucial prognostic
factors available. However, there are still many arguments among scientists regarding whether the currently
used nodal status descriptor should be changed in the forthcoming editions of the Tumor Node Metastasis
classification or whether it is precise enough and should be maintained as is. We reviewed studies concerning
nodal factor classifications to evaluate their accuracy in non-small cell lung cancer patients and to address the
previously mentioned challenge. We reviewed the PubMed database regarding the following classifications:
ongoing 8" edition of the Tumor Node Metastasis classification, number of positive lymph nodes, number of
negative lymph nodes, number of dissected lymph nodes, lymph node ratio, nodal chains, log odds of positive
lymph nodes, zone-based classification and one that is based on the number of lymph node stations involved.
Moreover, we analysed data regarding various combinations of these classifications. Our analysis showed that
the present nodal staging may not accurately categorize every lung cancer patient. The number of positive
lymph nodes and lymph node ratio or the log odds of positive lymph nodes (as the mathematical modification
of lymph node ratio) are more legitimate, as they possess very robust data and should be considered initially
as additional factors that can be incorporated in ongoing nodal staging systems. Forthcoming non-small cell
lung cancer staging systems could benefit from the addition of quantitative-based parameters. Additionally,
the minimal extent of lymphadenectomy should be established as staging benefits from it. International,
prospective validation studies need to be performed to optimize the cut-off values and prognostic groups and

to confirm the superiority of the newly suggested descriptors in non-small cell lung cancer nodal staging.
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Introduction

Lung cancer is one of the most common cancers in the
world. According to statistics, in the United States, nearly
1.8 million people are diagnosed with lung cancer each
year only, and more than 600,000 people died because of
this malignancy in 2019 (1). According to the literature,
the 5-year overall survival (OS) rate of patients with
non-small cell lung cancer (NSCLC), accounting for
approximately 80% of all cases of lung cancer, is 18% (2).
The current clinical nodal (¢cN) and pathological nodal (pN)
NSCLC classifications are based only on the anatomical
location of nodal metastases. The nodal stages are used
to predict the 5-year OS rates both in clinical staging
(60%, 37%, 23%, and 9% for cNO-3, respectively) and in
pathological staging (75 %, 49%, 36%, and 20% for pNO-3,
respectively) (3). The International Association for the
Study of Lung Cancer (IASLC) did not introduce any
changes in nodal categorization since the 6th edition (4).
Nonetheless, the current classification has some limitations.
Ongoing N descriptors of the 8" Tumor Node Metastasis
classification (TNM) create heterogeneous divisions
of NSCLC patients due to situations such as skip N2
metastases, microscopic nodal metastases, and clinically
occult pN2 disease (3,5,6). However, clinically, such
anatomical staging is a valuable and easy system for
making treatment decisions and is relatively visible and
distinguishable in preoperative imaging and invasive
nodal staging. Many alternative classifications have been
suggested. In propositions for both the 7th and 8th editions
of the NSCLC staging system, the IASLC suggested
quantitative factors that were not ultimately adopted (3,4).
In this study, we present a review of various suggested factors
analysed as potential additions or successors to the current
nodal staging of NSCLC. We present the following article
in accordance with the Narrative Review reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-1997).

Material and methods

We searched the PubMed database regarding ongoing and
newly suggested lymph node descriptors in lung cancer. We
used the following search terms and their combinations:

9«

“lung cancer”, “NSCLC”, “lymph node staging”, “number

”» “

of positive lymph nodes”, “number of negative lymph

» o« » o«

nodes”, “number of dissected lymph nodes”, “lymph node

» o« » o«

ratio”, “log odds of positive lymph nodes”, “lymph node

» » o«

stations”, “skip N2 metastasis”, “lymph node zones”, and
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“nodal chains”. After the first search, we included additional
articles retrieved from a manual search of cited references
and articles that cited articles about particular classifications
via a PubMed search. The inclusion criteria were as follows:
original articles and articles published from 1990 to present.
The exclusion criteria were as follows: no full text available
and abstract/full text not in English.

Number of lymph nodes
Number of positive lymph nodes

The quantity of metastatic lymph nodes is a meaningful
prognostic factor. Unlike lung cancer, the number of
positive lymph nodes (NPLN) has already demonstrated a
crucial role in the clinical and/or pathological TNM staging
of various malignancies (e.g., breast cancer). Notably,
esophageal cancer staging is also based on the NPLN
despite the anatomical surroundings and lymph node
drainage being comparable to those of lung cancer (7). There
are many studies regarding the importance and usefulness of
the NPLN in NSCLC. As shown in 7able 1, we summarized
the impact of the NPLN on OS. Various approaches
were made towards use of the NPLN in staging. Some
researchers used the number of metastatic lymph nodes as
an addition to ongoing pN descriptors to subdivide patients
(8-12,15). Promising results were achieved. pN2 patients
with a few positive lymph nodes (PLN) (range from 1 to
3) had a better survival rate than pN2 patients with more
PLN (range from 4 to 6). The subdivision of pN1 patients
was not significant; however, the pN2 subgroup with 1-3
PLN had a similar OS rate as the pN1 subgroup. Skip N2
metastases and single-station disease were associated with
fewer PLN, indicating the complex relationship of various
factors for the revision of N staging (8). The significance of
pN2 subdivision and the insignificance of pN1 subdivision
were similarly observed in another study (NPLN groups:
1-3, 4-14, and >15) (9). However, in another study, pN1
subdivision was significant. Differences between pN2 with
1-3 PLN were not significantly different from pN1 with
more PLN (range from 4 to 6). The authors suggested
merging these two subgroups into a single prognostic
group. However, no significance between the two subgroups
could be a result of the small population included in these
two subdivisions (10). This combined group was also used
in another study (11). Rearrangement of the ITTA and
IIIB stages of NSCLC based on the NPLN, values was
suggested (15). Patients with less than 3 PLN had relatively
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Table 1 Impact of NPLN on 5-year OS

Author N pN stage NPLN 5-year OS
Fukui et al. (8) 289 pNO 0 77.0%
pN1 1-3 57.0% (NS)
4-6 57.0% (NS)
pN2 1-3 59.0%
4-6 40.0%
=7 6.0%
Lee et al. (9) 1,081 pN1, pN2 0 69.0%
1-3 42.9%
4-14 30.0%
=15 11.5%
Saji et al. (10) 689 pNO 0 79.2%
pN1 1-3 69.2%
>4 48.6%'
pN2 1-3 48.6%"
>4 30.8%
Lee et al. (11) 1,487 pNO 0 76.0%
pN1 1-3 62.0%
>4 45.2%"
pN2 1-3 45.2%"
>4 39.4%
Hanagiri et al. (12) 121 pN2 1 51.0%
2 58.9%
3 34.2%
4 30.0%
=5 20.4%
Wei et al. (13) 1,659 pNO 0 89.2%
pN1, pN2 1-2 65.1%
3-6 42.1%
>7 22.4%
Matsuguma et al. (14) 749 pN1, pN2 0 76.0%
1-2 54.3%
>3 39.8%
3-5 45.6%
>5 31.7%

', those high NPLN pN1 and low NPLN pN2 subgroups were merged as single prognostic groups. N, number of patients; NPLN, number
of positive lymph nodes; NS, not significant; OS, overall survival.
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Table 2 Suggested values of minimal NDLN as proper

lymphadenectomy

Author N Minimal NDLN
Doddoli et al. (20) 465 10
Ludwig et al. (21) 16,800 11-16
Saji et al. (16) 928 10
Yang et al. (22) 428 7
Osarogiagbon et al. (23) 24,650 18-21
Becker et al. (24) 33,463 16
Bria et al. (25) 415 10
Dai et al. (26) 121 10
Liang et al. (27) 44,511 16
Ou et al. (28) 2,545 11-15
Samayoa et al. (29) 98,970 10
Shapiro et al. (30) 4,975 10
Wen et al. (31) 549 12

N, number of patients; NDLN, number of dissected lymph
nodes.

better survival than those with more than 2 PLN (12).

Other researchers suggested changing N staging
completely and using the NPLN alone (13). The number
of metastatic lymph nodes (groups: 0; 1-2; 3-6; and >7)
was a better prognostic factor than the pN1 and pN2
stages, which, in this study, were statistically insignificant
and worse than the NPLN in the multivariate analysis.
Subdivision of the pN1 and pN2 subgroups based on the
NPLN was significant; nonetheless, subdivision of the
NPLN categories into pN1 and pN2 was not. This result
might imply that the NPLN creates more homogeneous
subgroups and that the location of metastatic lymph nodes
may not be related to survival (13). Nonetheless, the higher
the pN status is, the larger the NPLN, which indicates the
relationship of the anatomical extent of the N stage and the
NPLN (9,13).

According to the literature, the NPLN cut-off values
vary between studies. Additionally, as it highly depends on
proper lymphadenectomy, the minimal number of dissected
lymph nodes (NDLN) must be addressed to stage patients
properly. One study, for example, suggested an NPLN cut-
off value of 4 and proper lymphadenectomy for a minimum
of 10 dissected nodes (16).
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Number of negative lymph nodes

"The number of negative lymph nodes (NNLN), as the antithesis
of the NPLN, may also be used to predict patient survival. The
NNLN has been studied in various cancers (e.g., esophageal
cancer), but only a few analyses have been performed in terms of
NSCLC (17). The most recent work (n=1,019) revealed that
the new classification, based on current pN categories combined
with the NNLN (cut-off equal to 8), has the strongest predictive
value [compared to pN alone, NPLN and even lymph node
ratio (LNR)] (18). The NPLN and LNR were excluded in the
multivariate analysis, unlike pPN-NNLN (18). Nonetheless, in
another study from 2017 (n=482), the NNLN (cut-offs equal to
10 and 30) failed to be an independent prognostic factor in the
multivariate analysis, unlike the LNR (cut-offs =20% and 55%).
However, researchers suggested combining the classification
based on the NNLN groups with the LNR subgroups (the
classification based on the opposite LNR groups with NNLN
subgroups was not significant), which stratified patients better
than pN (19). The NNLN alone has an impact on survival.
In one analysis, OS in patients with fewer NNLN (£15) was
better than that in patients with more NNLN (>15) (P=0.002).
"The survival curves were similar to those generated with pNO;
however, differences were observed in the pN1 and pN2
subgroups (14).

Number of dissected lymph nodes

The NDLN is essentially the sum of the two parameters
mentioned above (NDLN = NPLN + NNLN). Thus, the
NDLN might also be used to predict patient survival. In
the TNM classifications of many cancers, the minimum
number of removed lymph nodes is determined (e.g.,
breast 6, colon 12, and stomach 16) (7). Many studies on
the minimal NDLN in NSCLC have been performed.
As shown in Tuable 2, we summarized the suggested
minimal NDLN that were prognostically significant. It is
possible that the number of lymph nodes is an individual
characteristic of the patient and distributed as a Gaussian
curve in the population. Thus, in this study, the NDLN
had no impact on OS, unlike the extent of nodal metastasis
(single-station vs. multi-station) (32).

Lymph node ratio

The LNR is defined as the ratio of the NPLN to the total
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Table 3 Impact of LNR on 5-year OS and mean survival

Cackowski et al. Review of lung cancer nodal staging alternatives

Author N pN stage LNR 5-year OS Mean survival (months)
Taylor et al. (35) 302 pN1, pN2 <0.34 51.0% -
>0.34 18.0% -
Wang et al. (36) 301 pN1, pN2 <0.18 40.3% 38.0
>0.18 10.5% 16.0
Matsuguma et al. (14) 651 rNO' 0.00 76.0% -
N1 <0.12 58.8% -
N2t >0.12 35.0% -
rN2a’ 0.12-0.26 40.0% -
rN2b' >0.26 27.5% -
Hsieh et al. (37) 108 pN2 <0.4 - 62.0
>0.4 - 24.0
Urban et al. (38) 11,324 pN1 <0.125 - 43.0
0.125-0.249 - 40.0
0.25-0.499 - 30.0
>0.5 - 23.0
pN2 <0.125 - 40.0
0.125-0.249 - 32.0
0.250-0.499 - 27.0
>0.5 - 22.0
Renaud et al. (39) 152 pN2 <0.33 - 30.0
>0.33 - 16.0

T, suggested rN staging based solely on LNR value. LNR, lymph node ratio; N, number of patients; OS, overall survival.

NPLN
iz - The role

of the LNR has been well proven in many malignancies

number of all resected nodes [LNR:

(e.g., esophageal malignancies) (33). Additionally, many
scientific works have proven its role in lung cancer. One of
the largest and most important studies regarding the role of
the LNR in NSCLC was a recent meta-analysis of 20 high-
quality retrospective studies (total n=76,929). Generally, the
lower the LNR is, the better OS (hazard ratio 1.954, 95%
CI: 1.746-2.169, P<0.001). Similar results were observed
in terms of disease-free survival and cancer-specific survival
(fewer studies were included, however, due to a lack of
data). Although the group may have been heterogeneous,
the subgroup analysis (pN1 and pN2 or type of lymph node
dissection) remarkably diminished heterogeneity (34). As

shown in Table 3, we summarized the results of various
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studies on the LNR to depict diverse suggested cut-off
values and their impact on OS. When compared to other
classifications, the LNR (followed by the NPLN) was far
superior to pN (14). Additionally, the combination of pN
and the LNR demonstrated superiority in comparison to
pN, the LNR, the NPLN, and pN-NPLN (40). In one
study, the LNR (cut-off 0.35) and its impact on survival
were significant in the pN1 subgroup but not in the
pN2 subgroup (41), but in many other studies, the LNR
had a significant impact on survival in the case of pN2
(35-37). pN1 patients with a high LNR could create a single
prognostic group with pN2 patients with a low LNR (35,36).

Many studies have aimed to determine optimal LNR
values for the selection of patients who could benefit
from adjuvant therapy. For example, among the pN2
groups, patients with an LNR higher than 0.50 should
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undergo postoperative therapy (38). Interestingly, the
survival outcomes of patients with an LNR less than 0.18
were not different regardless of whether they underwent
chemotherapy (36). The usefulness of the LNR was also
confirmed when predicting the survival of patients who
underwent neoadjuvant therapy (39) and in predicting
brain metastases of NSCLC (42). The LNR could be
an alternative to positron emission tomography scans
according to one study. In terms of the prediction of
recurrence, an LNR >0.12 was the second-best predictor
after the maximum standardized uptake value (>6.5). Thus,
the LNR could be a great compromise for countries where
these scans are not accessible due to various reasons (43).
Despite having robust usefulness and being generally
better than the NPLN, the LNR also has some limitations.
Heterogeneity in this system is also possible. For instance,
when 0 of 2 resected lymph nodes is positive and 0 of 17
resected lymph nodes is positive (both 0), the ratio is equal
to 0. Mathematically, more situations such as these are
possible (e.g., 2/2 and 14/14 are both equal to 1). The log
odds of positive lymph nodes (LODDS) would discriminate
such situations, as its formula would yield different results.
This was proven in the work by Deng et al., where the
LODDS was particularly better than the LNR in the case of
an LNR equal to 0 and 1 (44). When the minimal NDLN is
agreed on, situations such as those observed with the LNR
could be avoided, at least partially. This was also proven
in that study. The LODDS was superior to the LNR only
when the NDLN was less than 10. In the case of proper
lymphadenectomy, the LODDS was surpassed (44).

Log odds of positive lymph nodes

The LODDS is defined as the logarithm of the ratio of the

NPLN to the NNLN. LODDS:Iog%. The aim of

adding 0.5 to both the numerator and the denominator is
to avoid an infinite value. The importance of the LODDS
has already been well established in various cancers (e.g.,
esophageal cancer) (45). There is also increasing interest
in making use of this indicator in the staging of lung
cancer. Nonetheless, only a few studies regarding its role in
NSCLC have been conducted.

In various studies, the LODDS was found to be a better
descriptor than the LNR and current pN staging (44,46-48).
Lv et al. even suggested the so-called TLM (Tumor,
LODDS, Metastases) staging, which was identified as an
independent risk factor, unlike the current TNM staging.
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This descriptor was good at diminishing heterogeneity
in pN and in cases of an LNR less than 0.036 (46). The
LODDS was especially better in higher-stage patients.
In the case of lower stage survival, the curves for pN, the
LNR and the LODDS were similar. Only the LODDS was
identified as an independent risk factor in the multivariable
analysis. However, in that study, only the adenocarcinoma
group was included (47). Introducing the LODDS into
the staging system would allow us to classify some pN1
patients into the pN2 group and pN2 patients into the
pN1 group based on survival (48). As already mentioned in
other classifications, the LODDS is becoming increasingly
important, especially in the case of 0 PLN and an LNR
equal to 1 (44). Zero PLN (thus pNO) seems to be
particularly interesting because some programmes treat
selected pNO patients postoperatively because of their poor
prognosis. Additionally, in the case of the LODDS, cut-
off values vary between studies. In two studies, there was a
single cut-off value: -1.142 (46) and 0.26 (44). In one study,
there were 4 different groups based on values ranging
from -2.10 to 1.74 (47). Even more groups (seven) existed
in the most recent work, where values ranged from -6 to 2 (48).

In comparison to the NPLN or LNR, the LODDS seem
to be the least faulty system (especially when there is no
consensus on the minimal NDLN). Its usefulness is narrow
due to limited data; nonetheless, as the mathematical
modification of the ratio, it may be very robust. Previous
descriptors are usually reported in pathological results or
can be easily calculated.

Single or multiple station involvement

In 2015, the IASLC suggested a new subclassification of
N staging in lung cancer for the 8" edition of the TNM
staging system based on single/multiple station disease
and skip metastases (3). Although it was not accepted, as
data were not sufficient, in the future, such a system might
be adapted into everyday practice. The subclassification
of N descriptors is as follows: pN1 is subdivided into
single (pN1a) and multiple (pN1b) stations, and pN2 is
also subdivided into single (pN2a) and multiple (pN2b)
stations. Further, pN2a is again subdivided into a lack of
N1 involvement (pN2al, so-called skip-N2) and with N1
involvement (pN2a2). pN3 remains intact. All of these
subdivisions yielded significantly distinct groups (3). Since
then, many studies have been performed to validate this
classification (7able 4). Additional N2b subdivision into
N2bl and N2b2 based on skip N2 metastases might be
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Table 4 Impact of single/multiple-station status and skip metastases presence on 5-year OS

5-years overall survival (%)

Author N
pNO pN1 pN1a pN1b pN2 pN2a pN2al pN2a2 pN2b pN2b1 pN2b2

Asamura et al. (3) 26,236 75.0 49.0 58.0 50.0* 36.0 47.0 52.0" 41.0 36.0 - -
Chen et al. (49) 570 76.1 53.4 60.0 39.3* 26.3 40.3* NS NS 15.3 33.3* 11.4
Yun et al. (50) 3,971 82.8 62.6 64.6 51.7 45.3 - 61.8 47.9 34.6 - -
Park et al. (51)' 1,228 - = 62.6" 57.0* - - 64.7* 48.4 42.8 - -
Park et al. (51)' 1,228 - - 62.6 57.0" - - 64.7" 48.4* 42.8 - -
Bertoglio et al. (52) 93 - - - - 33.0 - 45.5 31.5” 23.5" - -
Sayar et al. (53) 181 75.0 45.0 45.0 32.0* 31.0 31.0* - - 0.0 - -
Keller et al. (54) 488 - 52.0 - 32.0 NS - - NS - -
Sezen et al. (55) 119 - - - 29.3 38.6 - - 11.0 - -
Ichinose et al. (56) 402 - - - 31.0 43.0 - - 17.0 - -
Nakagiri et al. (57) 121 - -~ - 42.0 455 - - 38.5 - -
Martini et al. (58) 214 - 39.0 45.0 31.0 - - - - - - -

', Park et al. suggested two potential combined prognostic groups: pNia + pNib + pN2a1 or pN1b + pN2al + pN2a2; *, represent
potential merged prognostic groups. NS, not significant; N, number of patients; pN1a, single-station pN1; pN1b, multiple-station pN1;
pN2a, single-station pN2; pN2a1, pN2a with skip metastasis; pN2a2, pN2a without skip metastasis; pN2b, multiple-station pN2b; pN2b1,

pN2b with skip metastasis; pN2b2, pN2b without skip metastasis.

used. N2b1 and N2b2 are significantly distinct groups.
Unlike other works, the N2al and N2a2 subgroups
showed no significant difference (49). Potential combined
prognostic groups seem to vary, and based on statistical
significance, researchers have suggested many possibilities
(Tuable 4) Nonetheless, some of combinations may be the
result of small samples in subgroups (50,51). Compared
with other propositions, this system is worse than the LNR
and NPLN (52).

Years before Asamura’s idea, many studies were made
on the role of multiple and single station disease in
the prognosis of NSCLC patients were performed. In
some studies, the difference between pN1 subgroups
was not significant, as was sometimes the case for pN2
subgroups (54). In other works, the distinction between
multiple stations and a single station was significant in
both N1 (53,58) and N2 (55-57) patients. Interestingly,
tumor location might have an impact on single and
multiple station statuses (56,59). Skip N2 metastases, as a
distinct prognostic group, were also either significant or
insignificant in various analyses (55,57).

Even the authors of the largest IASLC study noted
limitations because most of the records were based on
the Japanese population and nodal staging was based on
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the Naruke-Japanese nodal map (3). Currently, only the
Mountain-Dresler modification of the American Thoracic
Society is recommended. The recognition of each nodal
station might be challenging, and errors are possible.
Some stations could be indistinguishable because of their
adjacency (e.g., to the paratracheal), and this could lead
to an incorrect diagnosis. That is why some researchers
suggested grouping nodal stations into zones (levels).

Other classifications

During propositions for the 7" edition of the TNM staging
system in 2007, the IASLC suggested a system for grouping
lymph node stations into zones (levels) that was not
implemented and eventually discarded (4). Compared to the
LNR and NPLN, zone-based staging is inferior and not
as prognostic (60). Propositions for the 7" and 8" editions
of the TNNM staging system were combined into a single
staging system by Yun ez al. (based on single/multiple zones
and skip metastasis). In comparison to the station-based
system, the zone-based system is as equal, and some patients
(7.1%) are downstaged (50).

All suggestions disregarded extranodal metastases, which
are important according to the nodal chains (NC) system.
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Each NC consists of at least one lymph node vessel and
various lymph nodes at different stations. This staging
classification was studied as the ratio between positive and
resected NC (61). Excluding extranodal metastases, NC
are an intermediate system between zones and stations and
could have a single status or multiple statuses (62).

Interestingly, when multiple-station cases are limited to
a single-zone or single-chain, survival is as good as single-
station cases (50,62). Unfortunately, these and other systems
(e.g., systems based on a relationship between tumor
location and station/zone of the involved lymph node)
extend beyond the framework of our article (63).

Discussion

The minimal number of resected lymph nodes in NSCLC
has not been established, and according to various studies
and our opinion, it has to change. In the 8" edition of the
TNM staging system, it is suggested that at least 6 lymph
nodes should be resected for adequate staging; however, it
is not enforced as mandatory, and it is not an appropriate
number according to various studies (7). Among these
studies, 10 was the most frequent minimal value of
harvested lymph nodes that was prognostically significant
(1able 2). More extensive lymph node resection might be
even more beneficial; for instance, an NDLN equal to
16 was the best value in regard to OS, and the other best
value ranged from 18 to 21, which demonstrated the best
benefit for patients (21,23). Nonetheless, such numbers
might not be achieved in some cases because of anatomical
interindividual differences (32). Regardless, we should
aim to achieve such values and, if not possible, approach
such patients individually (e.g., by the LODDS) or
classify and treat such patients at least as pNx. In practice,
there are many possibilities for proper nodal dissection.
Lymphadenectomy provides good staging, and sampling
decreases the surgery time and complication rate (20,64).
The lobe-specific method allows the dissection of lymph
nodes according to lymphatic drainage and anatomy (65).
Targeted sampling decreases the rate of the dissection of
dangerous lymph nodes (e.g., station 7 and postoperative
ischaemic bronchitis) (66).

The main limitation of the studies included in our
review is their retrospective nature. Selection bias could
be possible. Additionally, most of the studies used different
inclusion or exclusion criteria (e.g., minimal NDLN).

In this review, we summarized the most important
and prominent suggestions to consider as potential pN
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descriptors in NSCLC. The vastness of newly suggested
NSCLC classifications and TASLC suggestions indicate
the need for upcoming changes. As we already mentioned
in our criticism of the ongoing 8th edition of the TNM
staging system, heterogeneity in N descriptors is the main
reason behind the need for such changes. It is necessary
to determine the optimal pN classification to refer eligible
patients for adequate adjuvant therapies. When considering
other organs, multiple classifications are applied. The
staging of esophageal cancer, an anatomically related
malignancy to NSCLC, is based on the NPLN (7).
Therefore, based on the reviewed papers, a quantity-based
pN descriptor should be introduced. All of the suggested
methods have their pros and cons. Each of the proposed
classifications tends to eliminate NSCLC subgroup
heterogeneity while potentially being able to create new
prognostic groups. Interestingly, only the LODDS is
superior in terms of pINO heterogeneity elimination (44).
Cut-off values and potential prognostic groups vary from
study to study, and they must be validated and determined
in prospective international studies (e.g., IASLC Lung
Cancer Staging Project). Additionally, in such a study, we
could determine which of the descriptors is superior and
should be introduced. Data regarding the NPLN and
LNR are more robust (albeit retrospective) than other
suggested N classifications, which need additional analyses.
Hence, in our opinion, these 2 parameters or the LODDS
(as the mathematical modification of the LNR) are more
legitimate and should be considered first. Many more
studies, especially regarding other classifications, need
to be performed in the future. The minimal NDLN, in
addition to being a good assessment of lymphadenectomy,
is a factor that can be used to increase the objectivity
of various proposed staging methods. The LODDS is
potentially superior when minimal lymphadenectomy is not
established. The NPLN is highly dependent on having a
proper minimal NDLN. The LNR also benefits from more
dissected lymph nodes, which was proven by Deng et al. (44).

It seems necessary that pN and ¢N descriptors should
be divided (as in breast cancer), as quantity parameters
of lymph nodes are not easily accessible in preoperative
imaging and staging (7). For cN, ongoing TNM staging
seems to be a good compromise for making treatment
decisions. Additionally, as most of the data reviewed here
are based on a population of resectable NSCLC patients
(thus mostly pN), any changes regarding ¢N would not be
appropriate. Even if a new nodal classification is introduced
to the pathological staging of lung cancer, the nodal clinical
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staging would probably remain unchanged.

To summarize our review:

()  Minimal lymphadenectomy in NSCLC should be
settled;

(IT) A quantity-based descriptor of lymph node
metastases should be considered as an addition in
the next TNM staging system;

(IIT) Prospective international validation study or studies
need to be performed to validate optimal cut-off
values and prognostic groups and to determine
which newly suggested descriptor is superior.
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Effect of 3A lymph node resection on survival in patients with
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Background: We aimed to assess the clinical significance and impact on survival of prevascular mediastinal
lymph nodes (3A) in patients with right-sided lung cancer.

Methods: Prospective data of 6,348 patients, who underwent lung resection from 2005 to 2015, were
retrospectively analysed. There were 221 patients who underwent 3A dissection (3ALN+), while 6,127 did
not (3ALN-). We performed propensity score matching (PSM) to decrease selection bias (221 vs. 221).
Results: The incidence of 3A metastasis was 8%, and it elevated with pT stage. Between pT1c and pT2a,
there was a significant increase in the 3A metastasis incidence, which doubled from 4% to 9%. For pT4, the
incidence was 15%. The highest incidence was found among patients undergoing pneumonectomy (10%)
and in the N2bl and N2b2 subgroups (33% and 64%). In univariable analysis, we found no differences in
S-year survival between 3ALN+ and 3ALN- (51% wvs. 51%, P=0.74). But, non-metastatic 3ALN+, 3ALN-,
and metastatic 3ALN+ differed significantly (P<0.0001). pN2 subgroups (pN2al, pN2a2, pN2b1l, pN2b2)
within PSM analysis did not differ significantly in terms of survival. 3A metastasis failed to be an independent
prognostic factor in the multivariable analysis of matched pN2 subgroups.

Conclusions: Regardless of 3A lymph nodes failing to be an independent prognostic factor in our cohort,
the incidence of metastases in lymph nodes increases notably in advanced stages. 3A metastasis rate is
comparable to other lymph node stations. Therefore, superior mediastinal lymphadenectomy in advanced

cancers may improve from resections of the 3A lymph node station.
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Introduction

For decades, surgery has been the primary treatment
in early-stage non-small-cell lung carcinoma (NSCLC)
patients. It typically includes tumour resection with lymph
node dissection (1). Unfortunately, the influence of lymph
node dissection on patient survival is unclear. Furthermore,
the optimal extent of lymph node dissection is still under
discussion and generally depends on a surgeons’ experience.
International medical socicties related to lung cancer
surgery [e.g., the European Society of Thoracic Surgeons
(ESTS)] focus solely on the quantity of lymph nodes (e.g.,
a minimum of 6 resected) or anatomical location (i.c., N1
or N2 lymph node stations) without focusing on particular
stations (c.g., 3A station) (2,3).Considering the on-going
debate about which particular lymphadenectomy method is
superior, additional studies in this field remain crucial

In most of the cases, only stations 2, 4, 7, 8, and 9 are
commonly dissected in right-sided NSCLC, while station
3A is usually omitted. Station 3A nodes are the prevascular
mediastinal lymph nodes, which are not adjacent to the
trachea and lie within the fatty tissue of the anterior
mediastinum (4). Aside from the technical difficulties of 3A
dissection, station 3A is an uncommon place for lymphatic
spread because of the phrenic nerve and superior vena
cava blockage and generous communications between the
stations superior 10R, 4R, and 2R (5). Also, these adjacent
anatomical structures are potential sites of complications.
According to a few other studies, metastasis of the 3A
station is not rare and occurs in between 15.3% and 17.8%
of cases (6,7). Hence, 3A resection might be an important
aspect of lymph node dissection in NSCLC.

In this study, we aimed to assess the clinical significance
of prevascular mediastinal lymph nodes (3A) and their
impact on survival in patients with right-sided NSCLC.
This was accomplished using a large multicentre database
from the Polish Lung Cancer Study Group. We also
used propensity score matching (PSM) to minimize the
potential selection bias. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-21-
1957/rc).

Methods

The Prospective Polish Lung Cancer Study Group
database (24 thoracic centres) was analysed retrospectively.
We included 6,348 cases with right-sided NSCLC. Two

© Journal of Thoracic Disease. All rights reserved.
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subgroups were created: patients with 3A station resection
(3ALN+) (n=221) and patients without 3A station resection
(BALN-) (n=6,127). For further analysis, we divided the
3ALN+ group into non-metastatic subgroup (N3ALN)
with 204 patients and metastatic subgroup (M3ALN) with
17 patients.

Patients were staged accordingly to the 8" edition
of TNM classification (8). Lymph nodes were assessed
according to The International Association for the Study of
Lung Cancer lymph node map (9). Around 57 per cent of
patients underwent adjuvant chemotherapy or radiotherapy.
Exact data regarding adjuvant treatment regimens are not
available. However, cisplatin and vinorelbine were the most
common ones. We performed PSM to reduce selection bias.
In case of conversion from thoracoscopy to thoracotomy,
the procedure was reported as thoracotomy in the database.
The ethics committee of the National Research Institute
of Chest Diseases, Warsaw, Poland approved our study
(91/2020), and waived the requirement for informed
consent for the retrospective analysis. We conducted our
study in accordance with the Declaration of Helsinki (as
revised in 2013).

New pN descriptors

TASLC’s new pN descriptors were used with the
modifications proposed by Chen ez 4/. Therefore, we were
able to assess the impact of single or multiple status of pN2
station or the skip metastasis phenomenon. This allowed
us to answer whether 3A station solely has an impact on
survival. The definitions are as follows: Nla: single station
N1; N1b multiple station N1; N2al single station N2
without N1 involvement (skip metastasis); N2a2: single
station N2 with N1 involvement; N2bl: multiple station
N2 without N1 involvement (skip metastasis); N2b2:
multiple station N2 with N1 involvement (9,10).

Lymph node dissection

Mediastinal lymph node dissection (MLND) consists
of nodal stations #2, #4, #7, #8, and #9 (2). In Poland,
most thoracic surgeons use MLND as the technique
of choice. Station 3A is not resected routinely. To our
knowledge, there are two major reasons of 3A resection:
intraoperative findings and/or surgeon personal experience
(e.g., to increase lymph node retrieval yield). There were
no preoperative findings in 3A as ¢N2-IIIA cases were
excluded. Resection of 3A is possible via both thoracoscopy
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and thoracotomy.

Inclusion and exclusion criteria

In this study, we included patients with confirmed right-
sided NSCLC after radical resection (R0O) from 2005
to 2015 and after mediastinal lymph node dissection or
lymph node sampling. The patients had to have minimum
6 resected lymph nodes from hilar and mediastinal stations
according to the ESTS guidelines (2) and complete clinical
data. We excluded patients if they had minor resection,
non-radical resection (R1), pNx status, neoadjuvant therapy
prior to surgery (IITA-cN2), clinical information that was
lost or recorded incompletely, or failure to complete the
follow-up period. Later, we excluded right middle lobes
(RML) from the analysis due to an insignificant number of
cases in this subgroup.

Preoperative staging and follow up

In case of radiological imaging findings [chest radiograph,
computed tomography (CT), magnetic resonance
imaging, positron emission tomography (PET)],
patients underwent invasive diagnostics (endobronchial
ultrasound transbronchial needle aspiration, oesophageal
ultrasound fine-needle aspiration, mediastinoscopy, and
mediastinotomy).

After the surgery, the surgeon consulted patients within
2-3 weeks. Patients underwent follow-up diagnostics
every three to five months for 5 years, which included
chest radiographs, CT, or PETs in justified cases. Failure
patterns were evaluated by imaging studies and data from
invasive diagnostics similar to those in preoperative staging.
Hilar and/or mediastinal failure was defined as a new or
enlarging lymph node greater than 1 cm on the short axis
in CT and/or hypermetabolism in PET imaging, in which
the patient’s consecutive clinical follow-up was consistent
with disease progression. Cancer recurrence was divided
into two categories: locoregional and distant recurrence.
Locoregional recurrence was within the ipsilateral
hemithorax or mediastinum. Other anatomical locations
were defined as distant metastasis. PET availability increased
from 25% of cases (early study years) to nearly 75% of cases
(late study years). In case of missing data or loss to follow-
up, polish national personal identity databases were checked
for missing data. But, we excluded 159 patients because of
incomplete data or loss to follow-up.

© Journal of Thoracic Disease. All rights reserved.

Statistical analysis

We identified the mean with the standard deviation and
the median with a range of values as continuous variables.
The Mann-Whitney U-test was implemented to ascertain
significant differences in continuous variables between
groups. We summarised every group with categorical
variables with a frequency and incidence. Every group
with categorical variables is summarised with an incidence
and frequency of the investigated population. We applied
the Chi-squared test to conduct a statistical comparison
between these groups. We approximated survival curves
with the Kaplan-Meier method, and we used the log-
rank test to contrast differences between groups. We used
the Cox proportional hazards model in univariable and
multivariable analysis to examine the influence on patients’
risk of death. We selected predictive variables based on
univariable models (P<0.05). In accordance with the
results, we established the following factors as important
in the univariable analysis: age, sex, pT, pN, resection type,
pathological stage, surgical approach, and comorbidities
(kidney failure, insulin-dependent diabetes, chronic
obstructive pulmonary disease (COPD), and cardiovascular
diseases). The hazard ratio of the entire cohort of patients
using subgroup analysis by pN was estimated in the Cox
multivariable analysis. All tests were two-sided, and a
P<0.05 was considered statistically significant. For pairwise
comparison of more than 2 groups, the FDR adjustment
was used. We conducted all analyses using survminer and
survival packages in R-software.

Propensity scove matching

Because of the disproportion in variables, we performed a
case-matched analysis to acquire comparable subgroups.
This allowed us to enhance the statistical power of the
study and to confirm results found in unmatched cohorts.
We used the PSM method in identical pN stages separately.
Logistic regression was used to calculate propensity scores
for cohort cases. We used the following variables in the
PSM method: sex, age, smoking status, histopathology
of cancer, stage, and pT descriptor. We reproduced Cox
Multivariable analysis after the PSM.

Results

A total of 6,348 patients were included in the study (221 in
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Polish lung study group
database n>20,000

Patients with resected right lung
cancer operated between
2005-2015

Exclusion Criteria
* R1 resection, pNx, incomplete
clinical record

Study cohort
n=6,348

3ALN+ patients 3ALN- patients
n=221 n=6,127

Loss to follow up and
incomplete data
3ALN+ n=32
3ALN- n=127

Propensity score matching
n=442 (221 vs. 221)

Figure 1 Patients flowchart. 3ALN+, patients with prevascular node resection; 3ALN-, patients without prevascular node resection.

the 3ALN+ group and 6,127 in the 3ALN- group). The
patients’ flow chart is presented in Figure 1. After PSM, 221
vs. 221 patients were matched. Before PSM, groups differed
significantly in terms of stage (P=0.0351), pN descriptors
(P<0.001), new pN descriptors (P=0.00124), type of
resection (P=0.0214), and surgical approach (P=0.0133).
After PSM, all these variables were comparable (P>0.99),
but the surgical approach remained significantly different
(P=0.0433). Also, after PSM, new significant differences
were found in terms of age (P=0.0101). In both groups, the
incidence of mediastinoscopy was similar both before and
after PSM (P>0.05). Detailed data about the included cases
before and after PSM are listed in Zible 1.

Incidence of metastasis in 34 lymph node station

In the entire cohort, the incidence of patients with 3A nodes
removed was 3.5%. In 3ALN group, the mean incidence

© Journal of Thoracic Disease. All rights reserved.

of observed M3ALN was 8% (Table 2). The incidence of
diagnosed 3A nodal metastases depended on the type of
resection, tumour size, and the presence of mediastinal
nodal metastases. The highest incidence of M3ALN was
found among patients undergoing pneumonectomy (10%)
and in the N2bl and N2b2 subgroups 33% and 64%).
These subgroups also had higher incidence of 3A nodes
retrieved (4.8%, 8.3%, and 8.1%, respectively). There was
no difference in the M3ALN incidence between the right
upper lobe (RUL) and right lower lobe (RLL) (7% and 6%).
Regarding tumour size, a notable increase in the metastatic
3ALN incidence was found between pTlc and pT2a (from
4% to 9%), and for pT4, it was 15%.

Incidence of M3ALN (8%) was lower than metastasis
rate in station 4R (10%), but higher than metastasis rate in
stations 2R (5%), 7 (7%), 8 (4%) and 9 (2%). Comparison
of 3A resection and metastasis rate in comparison to routine
MLND lymph node stations (depending on surgery type) is
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Table 1 Patient characteristic before and after propensity score matching

Entire cohort (N=6,348)

Propensity score matching (N=442)

variable 3ALN- (N=6,127) 3ALN+ (N=221) P value (SMD) 3ALN- (N=221)  3ALN+ (N=221) P value (SMD)
Age 0.326 (0.058) 0.0101 (0.214)
Mean (SD) 62.6 (8.25) 63.1 (7.93) 61.3 (8.55) 63.1(7.93)
Median [1Q, 3Q] 62.0 [22.0, 87.0] 63.0[38.0, 81.0] 61.0 [42.0, 83.0] 63.0 [38.0, 81.0]
Sex 1.0 (0) 0.68 (0.049)
Female 1,942 (31.7) 70 (31.7) 70(31.1) 70(31.7)
Male 4,185 (68.3) 151 (68.3) 156 (70.6) 151 (68.3)
Stage 0.0351 (0.26) 1.0 (0.019)
IA1 59 (1.0) 2(0.9) 2(0.9) 2(0.9)
IA2 568 (9.3) 16 (7.2) 16 (7.2) 16 (7.2)
IA3 544 (8.9) 14 (6.3) 14 (6.3) 14 (6.3)
B 1,480 (24.2) 45 (20.4) 45 (20.4) 45 (20.4)
lIA 532 (8.7) 13 (5.9) 13 (5.9) 13 (5.9)
B 1,426 (23.3) 55 (24.9) 55 (24.9) 55 (24.9)
A 1,244 (20.3) 59 (26.7) 60 (27.1) 59 (26.7)
B 274 (4.5) 17 (7.7) 16 (7.2) 17 (7.7)
Smoking 4,265 (69.6) 144 (65.2) 0.181 (0.095) 154 (69.7) 144 (65.2) 0.361 (0.097)
Comorbidities
Diabetes | 177 (2.9) 3(1.4) 0.254 (0.106) 3(1.4) 3(1.4) 1.0 (0.0)
Myocardial infarction 385 (6.3) 10 (4.5) 0.357 (0.078) 17 (7.7) 10 (4.5) 0.233 (0.133)
Nervous diseases 49 (0.8) 0(0.0) 0.345 (0.127) 1(0.5) 0(0.0) 1 (0.095)
Heart failure 153 (2.5) 20 (3.0) 0.685 (0.04) 13 (5.9) 7(3.2) 0.253 (0.131)
Kidney failure 49 (0.8) 73.2) 0.0508 (0.119) 0 (0.0) 5(2.3) 0.072 (0.215)
COPD 1,485 (24.2) 52 (23.5) 0.872 (0.017) 48 (21.7) 52 (23.5) 0.733 (0.043)
Hypertension 2,342 (38.2) 85 (38.5) 0.999 (0.005) 70 (31.7) 85 (38.5) 0.163 (0.143)
Coronary disease 400 (6.5) 11 (5.0) 0.435 (0.067) 17 (7.7) 11 (5.0) 0.329 (0.112)
pT 0.64 (0.14) 1.0 (0.015)
1a 71(1.2) 2(0.9) 2(0.9) 2(0.9)
1b 668 (10.9) 23 (10.4) 23 (10.4) 23 (10.4)
1c 721 (11.8) 23 (10.4) 23(10.4) 23(10.4)
2a 2,124 (34.7) 67 (30.3) 68 (30.8) 67 (30.3)
2b 818 (13.4) 31 (14.0) 31(14.0) 31(14.0)
3 1,113 (18.2) 48 (21.7) 48 (21.7) 48 (21.7)
4 612 (10.0) 27 (12.2) 26(11.8) 27 (12.2)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Entire cohort (N=6,348)

Propensity score matching (N=442)

T 3ALN- (N=6,127) 3ALN+(N=221) Pvalue (SMD)  3ALN- (N=221) 3ALN+ (N=221) P value (SMD)
cN 0.797 (0.029) 0.445 (0.059)
0 4,599 (75.1) 164 (74.2) 152 (68.8) 164 (74.2)
1 839 (13.7) 29 (13.1) 36 (16.3) 29 (13.1)
pN <0.001 (0.239) 1.0 (0.0)
0 4,267 (69.6) 131 (59.3) 131 (59.3) 131 (59.3)
1 1,065 (17.4) 44 (19.9) 44 (19.9) 44 (19.9)
2 795 (13.0) 46 (20.8) 46 (20.8) 46 (20.8)
New pN 0.00124 (0.272) 1.0 (0.0)
NO 4,267 (69.6) 131 (59.3) 131 (59.3) 131 (69.3)
Nia 917 (15.0) 38(17.2) 38(17.2) 38(17.2)
N1b 148 (2.4) 6 (2.7) 6(2.7) 6(2.7)
N2a1 277 (4.5) 14 (6.3) 14 (6.3) 14 (6.3)
N2a2 294 (4.8) 12 (5.4) 12 (5.4) 12 (5.4)
N2b1 66 (1.1) 6 (2.7) 6(2.7) 6(2.7)
N2b2 158 (2.6) 14 (6.3) 14 (6.3) 14 (6.3)
Extent of resection 0.0214 (0.185) 0.993 (0.011)
Lower lobectomy 1,752 (28.6) 50 (22.6) 50 (22.6) 50 (22.6)
Upper lobectomy 3,418 (65.8) 128 (65.7) 124 (56.1) 123 (65.7)
Pneumonectomy 957 (15.6) 48 (21.7) 47 (21.6) 48 (21.7)
Approach 0.0133 (0.239) 0.0433 (0.226)
Thoracotomy 5,886 (96.1) 220 (99.5) 213 (96.4) 220 (99.5)
VATS 241 (3.9) 1(0.5) 8(3.6) 1(0.5)
Histopathology 0.435 (0.058) 0.923 (0.018)
Adenocarcinoma 3,288 (63.7) 125 (56.6) 127 (567.5) 125 (56.6)
Squamous 2,839 (46.3) 96 (43.4) 94 (42.5) 96 (43.4)
Mediastinoscopy 702 (11.5) 26 (11.8) 0.973 (0.01) 24 (10.9) 26 (11.8) 0.881 (0.029)

3ALN+, patients with prevascular node resection; 3ALN-, patients without prevascular node resection; COPD, chronic obstructive
pulmonary disease; SMD, standardized mean difference; VATS, video-assisted thoracic surgery.

presented in Table 3.

Univariable survival analysis

The median follow-up time in the entire study group was
1,913 days. There was no statistical difference in survival
between 3ALN+ and 3ALN- before PSM (51% vs. 51%,

© Journal of Thoracic Disease. All rights reserved.

P=0.74) and after PSM (51% wvs. 48%, P=0.58). With
regard to the type of resection in the whole group, after
the PSM the lowest survival rate was found in patients
after pneumonectomy (37%), while no differences were
found between RUL and RLL (54% wvs. 52%). For
comparison, survival in the M3ALN subgroup was 9% and
was significantly lower than in both 3ALN- and N3ALN
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Table 2 Characteristics of 3A lymph node station depending on pN
and pT descriptors

Variable n Positive rate®  Examined (%)
Overall 6,348 8% 221 (3.5%)
New pN
NO 4,398 0% 131 (3.0%)
N1a 955 0% 38 (4.0%)
N1b 154 0% 6 (3.9%)
N2at 291 21% 14 (4.8%)
N2a2 306 25% 12 (3.9%)
N2b1 72 33% 6 (8.3%)
N2b2 172 64% 14 (8.1%)
pT
1a 73 0% 2 (2.7%)
1b 691 4% 23 (3.3%)
1c 744 4% 23 (3.1%)
2a 2,191 9% 67 (3.1%)
2b 849 10% 31 (8.7%)
3 1161 4% 48 (4.1%)
E 639 15% 27 (4.2%)

n, number of patients; *, % positive if lymph nodes station was
examined.

(P<0.0001) (Figure 2).

In the subgroup analysis of the 3ALN+ and 3ALN-
survival rates, no significant differences were found in terms
of extent of resection, p'l; pN, and new pN (Zable 4). Also,
in the analysis with the M3ALN subgroup, no differences
were found in subgroups N2al, N2a2, N2bl, and N2b2.
Survival rates of 3ALN+ and 3ALN- as a function of new
pN subgroups are presented in Figure S1.

Multivarviable survival analysis

In the entire cohort after PSM, the multivariable analysis
showed that the independent prognostic risk factors were
pneumonectomy (HR =1.73, 95% CI: 1.16-2.57, P=0.007),
heart failure (HR =1.96, 95% CI: 1.13-3.46, P=0.017), and
coronary disease (HR =2.06, 95% CI: 1.33-3.20, P=0.001).
In contrast, removal of the 3A lymph nodes as well as
the presence of 3A nodal metastases were not shown to
be independent prognostic factors (HR =0.91, 95% CI:

© Journal of Thoracic Disease. All rights reserved.

0.71-1.18, P=0.50 and HR =1.08, 95% CI: 0.60-1.93,
P=0.79) (Table 5). Also, the multivariable analysis after PSM
in the subgroups of patients with mediastinal metastases
(subgroups pN2al, pN2a2, pN2bl, and pN2b2) did not
show that removal of 3A nodes or 3A nodal metastases is an
independent prognostic factor in any given group for any of
the stages. Detailed results of multivariable analysis of pN2
subgroups are presented in Table S1.

Discussion

Lymphadenectomy of mediastinum is an integral part of
the surgical treatment of NSCLC. However, as shown by
clinical data, biopsy or resection of the lymph nodes is not
performed in some cases. Osarogiagbon and Yu showed that
the incidence of these cases reaches 15%, which results in
inadequate staging of patients. Thus, survival is worse and
more similar to pN1 rather than pNO (3). In turn, Little ez a/.
showed that only 57.8% of patients underwent mediastinal
lymph node sampling (MLNS) or MLND (11). In a recently
published study by Ray ez al., this incidence was 10%), and
75% of cases did not even meet the sampling criteria (12).
Many authors have proposed liberalizing the extent of
lymph node resection. In a prospective and randomized
study, Darling et al. showed that there is no statistical
difference between MLNS and MLND (13). In recent
years, the number of supporters of lobe-specific lymph
nodes dissection (LS-LND) has increased, especially in the
early stages of lung cancer (14,15). However, a large group
of opponents still support MLLND as the standard of care in
the surgical treatment of lung cancer. Riquet ez 4/. showed
that the incidence of metastases in the upper mediastinum
in the case of lower lobectomies is similar to that of upper
lobectomies. This supports systemic resection of all nodal
groups (16). Also, Maniwa et a/. showed that in the LS-LND
group, the incidence of local and distant recurrences was
higher than in the MLND group (P=0.005) (17).

In many studies, lymph nodes of the 3A station are
not routinely included in both the MLNS and MLND
groups (18). Therefore, when analysing this nodal group,
it is not surprising that the incidence of patients in whom
it is removed is usually small. In our study, only 3.5%
of patients had 3A nodes removed. Also, the current
international recommendations do not take this node
station into consideration (2). Therefore, in practice, 3A
nodes are rarely removed. Only a few who are devoted to
lymphadenectomy in lung cancer include this nodal station
in their analyses or daily practice.
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Table 3 Distribution of examination and metastasis in the lymph node stations regarding surgery type

Lymph node station PN Ioverebectomy  Right upper obestamy - Preumanectomy Qe P valus
2R

Examined (%) 521 (28.9%) 1,381 (39.0%) 360 (35.8%) 2,262 (35.6%) 0.0101

% positive* 5% 5% 6% 5% 0.436
3A

Examined (%) 50 (2.8%) 123 (3.5%) 48 (4.8%) 221 (3.5%) 0.0214

% positive* 6% 7% 10% 8% 0.695
4R

Examined (%) 1,179 (65.4%) 2,827 (79.8%) 755 (75.1%) 4,761 (75.0%) <0.001

% positive* 5% 10% 14% 10% <0.001
7

Examined (%) 1,478 (82.0%) 2,795 (78.9%) 898 (89.4%) 5,171 (81.5%) <0.001

% positive* 1% 3% 16% 7% <0.001
8

Examined (%) 582 (32.3%) 972 (27.4%) 401 (39.9%) 1,955 (30.8%) <0.001

% positive™ 8% 1% 5% 4% <0.001
9

Examined (%) 737 (40.9%) 1,041 (29.4%) 379 (37.7%) 2,157 (34.0%) <0.001

% positive™ 2% 1% 3% 2% <0.001

*, positive if ymph node station was examined, n: number of patients.

100 - Legend:
-+~ 3A not resected
- 3A resected without metastasis
© 75 -~ 3A resected with metastasis
2
T
S
5 50 4
5
2
g
|
N 254
0 P=0.00031
T T T T
0 2 4 6
Time in years
Number at risk
-1 220 140 112 95
-+ 204 139 118 100
-~ 17 6 2 1
T T T T
0 2 4 6

Time in years

Figure 2 Impact of prevascular lymph node station (3A) resection

and metastasis on 5-year overall survival.
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In the work of Liang ez al., the incidence of removed 3A
nodes for RUL, RML, and RLL were 3.2%, 5.4%, and 1.8%,
respectively. At the same time, the incidence of 3A node
metastases were 12.2%, 20%, and 7.4%, respectively (19). In
other study by Liu ez 4/., the incidence of 3A nodes removed
was 29.9%, and 15.3% had metastases. Also, the authors
showed that the metastasis rate of station 3A was second only
to that of stations 4 and 3A was significantly higher than
those of stations 8 and 9 (6). In a study by Yang ez al., the
incidence of removed and metastatic 3A nodes were 24% and
11.4% (RUL), 28.2% and 12.1% (RML), and 23.7% and
5% (RLL), respectively (20). In our study, the incidence of
positive 3A nodes in the entire group was 8%. The incidence
of removed and metastatic nodes were 2.8% and 6% for
RUL and 3.5% and 7% for RLL, respectively. Furthermore,
there were no statistical differences in the incidence of
positive nodes between both types of lobectomy.

Our study also showed that the incidence of 3A nodal
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Table 4 Five-year overall survival rates of the patients after Table 5 (continued)
propensity score matching
Variable Hazard risk (95% CI) P value
Subgroup 3ALN+ 3ALN- P value
N
Overall 51% 48% 0.58 P
; pNO Reference
Extent of pulmonary resection
) pNia 0.78 (0.37-1.61) 0.496
Right lower lobectomy 56% 48% 0.35
) pNib 0.51 (0.18-1.44) 0.202
Right upper lobectomy 54% 54% 0.69
pN2a1 0.57 (0.11-2.93) 0.497
Pneumonectomy 40% 34% 0.35
. pNZ2a2 0.53 (0.10-2.69) 0.444
pN descriptor
pN2b1 0.46 (0.09-2.24) 0.338
pNO 64% 60% 0.69
pN2b2 0.70 (0.16-3.18) 0.649
pN1 45% 39% 0.46
o o Mediastinoscopy (reference 1.16 (0.79-1.68) 0.452
phNz 9% 245 080 = lack of mediastinoscopy)
New classification of pN descriptor Surgery
phd Ba¥ 60% 0.8a Lower lobectomy Reference
Bl 4w 24 O Upper lobectomy 1.08 (0.78-1.51) 0.629
PN1E 50% 67% 081 Pneumonectomy 1.73 (1.16-2.57) 0.007
pN2a1 36% 21% 0.39 Approach
piNaa2 17% 42% 0.26 Thoracotomy Reference
PN2b1 7% % 082 VATS 0.19 (0.03-1.38) 0.100
pN2b2 0% 14% 0.77 BT
PT descriptor pTla Reference
pTia 50%  50% 0.8 pT1b 1.41 (0.34-5.94) 0.639
FT1G L L pTic 1.97 (0.46-8.44) 0.360
priS gl S2E 048 pT2a 1.76 (0.47-6.55) 0.399
pT2a 54%  59% 022 pT2b 2.54 (0.69-9.35) 0.162
Ri2b G pT3 1.10 (0.58-2.09) 0.767
pT3 50% 39% 0.58 Stage
pT4 22% 19% 043 I1A1 Reference
3ALN+, patients with prevascular node resection; 3ALN-, A2 0.25 (0.03-2.10) 0.204
patients without prevascular node resection. ’ ) ’ ’
IA3 0.29 (0.03-2.38) 0.249
B 0.30 (0.04-2.17) 0.235
Table 5 Multivariable analysis after propensity score matching A 0.25 (0.03-1.90) 0.182
Variable Hazard risk (95% Cl) P value B 0.64 (0.13-3.19) 0.589
Comorbidities Referenlce = lack of A 1.56 (0.36-6.81) 0.551
disease
. e 4.53 (0.65-31.75) 0.129
Coronary disease 2.06 (1.33-3.20) 0.001
. 3A station
Heart failure 1.96 (1.13-3.46) 0.017
i Not-resected Reference
[
Resected and 0.91 (0.71-1.18) 0.497
ehio Raferarice non-metastatic
chid 0.99 (0.69-1.42) i Resected and metastatic 1.08 (0.60-1.93) 0.793

Table 5 (continued) VATS, video-assisted thoracic surgery.
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metastases may increase with the size of the tumour. There
was a difference between pT1c and pT2a where the incidence
of positive nodes doubled (4% vs. 9%). A similar observation
between the tumour size and the incidence of positive 3A
nodes was demonstrated by Zheng ez al. However, it was not
confirmed by the multivariable analysis (7).

Earlier analyses of 3A nodes have shown that survival
in the group with positive 3A nodes was worse than in
other pN2 patients. In the study by Zheng ez al., the 3-year
survival in the group with positive 3A nodes was lower
than in the other cases and amounted to 22% and 63 %,
respectively (P<0.001). Moreover, there were differences
between single and multistation nodal involvement (72%
vs. 33%, P<0.001) (7). On the other hand, Liu ez #/. showed
differences in 5-year survival between 3ALN+ and 3ALN-
(58.8% wvs. 48.7%, P=0.007), finding better survival in stages
IT and III. Notably, the multivariable analysis showed that
3A nodal removal is an independent prognostic factor for
survival (HR =0.76, 95% CI: 0.64-0.90, P=0.001) (6). But
in our study, both univariable and multivariable analyses
(after PSM) for 3ALN+ and 3ALN- showed no significant
differences in survival. Also, the multivariable analysis
after PSM in the subgroups of pN2 patients with single/
multistation 3A or with/without pN1 involvement (N2al,
N2a2, N2bl, and N2b2) did not show the presence of 3A
metastases as an independent prognostic factor. However,
other factors such as age, sex, comorbidities, and the
severity of the disease had a significant influence on the
long-term results.

Nevertheless, we believe that, 3A station resection has
significant clinical importance. First, the incidence of 3A
metastases is the second highest after 4R nodes, which is
true for both upper and lower lobe tumours (Zable 3). This
is especially important in LS-LND, for which removal of
the upper mediastinal nodes is not recommended in inferior
lobectomy. Also, 3A metastasis rate is higher overall than
other routine MLIND stations: 2R, 7, 8, 9. This is even
more apparent in upper lobe cases (7able 3) Moreover, even
in the nodes of the 3A station that are 5-10 mm in size, the
incidence of metastatic changes reaches 22.2% (7). In the
context of the arguments presented above, an important
reservation is raised by the low incidence of patients with
3A nodes removed, which amounts to 3.5%. This result
is also comparable with the data of some of the previously
cited study (19).

Several reasons could explain why 3A resection would
potentially enhance patients survival. Undiscovered
metastasis during nodal staging obviously lowers the survival
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due to patients not being eligible for beneficial adjuvant
therapy. In our study pNO and pN1 cases had better survival
within the 3ALN+ subgroup compared to the 3ALN-, but
it was without statistical significance. This might suggest
there were undetected 3A metastases in 3ALN- subgroups.
The second important reason is micrometastasis, which
cannot be detected macroscopically or during image
diagnostics. Thus, a patient would not undergo neoadjuvant
therapy or would not be disqualified from surgery (21).
And as we stated before some surgeons resect 3A based on
intraoperative findings. Thus, micrometastatic 3A would
not draw an attention of these surgeons. Thirdly, residual
disease, which is a presence of single metastatic cells, is
another explanation. This phenomenon could be missed
even by experienced pathologists and result in future
recurrence (22).

Our study has several significant limitations. First of all,
it is a retrospective study, which significantly affects the
errors in the clinical evaluation of the issue. This effect was
partially offset by the use of PSM in both univariable and
multivariable analyses. The second important limitation was
the very low incidence of patients with 3A nodes removed,
despite observing data from several centres. Relatively high
metastasis rate in 3A (in comparison to MLND lymph node
stations) might be due to intraoperative findings, which
affected surgeon decision. Important reservations can be
made with regard to preoperative diagnostics, particularly
the use of PET-CT, which was very low in the initial
period of the study. Also, the incidence of mediastinoscopy
performed in the 3ALN+ and 3ALN- groups is too low
(11.8% and 11.5%, respectively), considering the very
high pN2 incidence of 20.8% in the 3ALN+ group. From
a statistical point of view, in the multivariable analysis
concerning pN2 subgroups, the population of individual
subgroups after PSM was too small, which may limit the
statistical value of the presented results. Prospective studies
are needed, especially as a low 3A resection rate makes
retrospective studies (even with big cohorts) hard to analyse
correctly. Also, due to incompleteness of our database
some important variables could not be introduced in this
analysis (e.g., relapse-free survival, cancer specific survival
or detailed complication analysis)

To sum up, the incidence of 3A node metastases in
the pN2 patient group is high and increases in advanced
stages. Also, 3A metastasis rate is comparable to routine
MLND lymph node stations. The location of the tumour
in the inferior lobe does not exclude the presence of
3A node metastases. Removal of the 3A station may
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be recommended as a routine procedure in superior
mediastinal lymphadenectomy in all cases of suspected
mediastinal node metastases.
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ABSTRACT

Objectives: We aimed to study the clinical significance of the lack of lymph node assessment (pNx status) and its
impact on survival in non-small-cell lung cancer patients.

Methods: We retrospectively analysed the Polish Lung Cancer Study Group database. pNx status was defined as
0 lymph nodes removed. We included 17,192 patients.

Results: A total of 1080 patients (6%) had pNx status. pNx patients were more likely to be younger, be female,
have a different pT distribution, have squamous cell carcinoma, undergo open thoracotomy, be operated on in
non-academic hospitals, and have a lower rate of some comorbidities. pNx was more likely to be ¢cNO than pN1
and pN2 but less likely than pNO (p < 0.001). pNx patients were less likely to undergo preoperative invasive
mediastinal diagnostics than pN1 and pN2 patients but more likely than pNO patients (p < 0.001). Overall, the
five-year overall survival rates were 64%, 45%, 32% and 50% for pNO, pN1, pN2 and pNx, respectively. In
pairwise comparisons, all pN descriptors differed significantly from each other (all p < 0.0001 but pNx vs. pN1 p
= 0.016). The placement of the pNx survival curve and survival rate depended on histopathology, surgical
approach and pT status. In multivariable analysis, pNx was an independent prognostic risk factor (HR = 1.37,
95%CI: 1.23-1.51, p < 0.01).

Conclusion: The resection of lymph nodes in lung cancer remains a crucial step in the surgical treatment of this
disease. The survival of pNx patients is similar to that of pN1 patients. pNx survival curve placement depends on
the other variables which could be useful in clinical decisions.

1. Introduction

patient is sufficiently healthy for surgery. Radical resection significantly
improves survival [3].

In Poland in 2019, lung cancer was the second most frequent cancer
among men and women. Specifically, it was diagnosed in 9.9% of female
and 16.1% of male cancer patients. However in terms of mortality, it was
the most frequent cause of cancer deaths among both women and men
(17.9% and 27.4% of cancer deaths, respectively) [1]. From 2014 to
2016, the 3-year overall survival (OS) was 24% among women and 17%
among men [2]. Surgery is the treatment of choice in cases of stage I-1I
and some cases of stage III non-small-cell lung cancer (NSCLC) if the

In surgery for lung cancer, intraoperative lymphadenectomy is one of
the most crucial steps of the procedure. It includes the resection of
intrapulmonary, peribronchial, hilar and mediastinal lymph nodes. The
eighth edition of the Tumour Node Metastasis (TNM) classification is
used to properly differentiate patients in different stages and define
survival prognosis [4]. Whether the nodal aspect of TNM of lung cancer
should be changed or enhanced by additional factors (e.g., quantitative
factors) is an ongoing topic of debate [5].

Abbreviations: EBUS-TBNA, endobronchial-ultrasound transbronchial-needle-aspiration; EUS-FNA, oesophageal-ultrasound fine-needle-aspiration; NSCLC, non-
small-cell lung cancer; OS, Overall Survival; PET-CT, positron emission tomography-computed tomography; PLCSG, Polish Lung Cancer Study Group; TNM, Tumour-

Node-Metastasis classification; VATS, Video-assisted thoracic surgery.

* Corresponding author. Department of Thoracic Surgery, National Research Institute of Chest Diseases, Plocka 26 Street, 01-138, Warsaw, Poland.

E-mail address: drdariuszdziedzic@gmail.com (D.A. Dziedzic).

https://doi.org/10.1016/j.suronc.2023.101941

Received 18 December 2022; Received in revised form 12 March 2023; Accepted 28 March 2023

Available online 31 March 2023
0960-7404/© 2023 Elsevier Ltd. All rights reserved.



M.M. Cackowski et al.

Additionally, the pNx descriptor, defined as the impossibility of
lymph node assessment, is included in the TNM classification [4]. This
phenomenon occurs in between 12.1% and 17.3% of resected cases of
NSCLC and results in a worse survival rate than in properly examined
cases [6-8]. The pNx survival rate is comparable to pN1 rather than pNO
[7]. The improper examination of lymph nodes may be caused by factors
such as inadequate resection or the documentation of mediastinal lymph
nodes (N2) by surgeons, the inadequate resection of parenchymal lymph
nodes (N1) by pathologists, and communication barriers between these
specialties [9].

Despite many improvements in NSCLC lymphadenectomy over the
years, the pNx phenomenon persists and requires further studies to
evaluate its prevalence and associated factors. Thus, in this work, we
aimed to investigate the impact of pNx status on patient survival and to
assess pNx prevalence in the Polish Lung Cancer Study Group (PLCSG)
database population. We hypothesize, that pNx survival rate is worse
than pNO and pNx survival rate can be predicted based on the other
factors.

2. Materials and methods

After approval by the ethics committee of the National Research
Institute of Chest Diseases (96/2021), we retrospectively analysed the
PLCSG database. The PLCSG database is a nationwide registry of sur-
gically treated lung cancer cases that collects data regarding epidemi-
ology, preoperative evaluation, operation details, pathological
examination, postoperative care, treatment and follow-up [10]. We used
the eight edition of the TNM classification and IASLC lymph node map
[4,5]. Cases, that were classified according to previous TNM classifica-
tion, were recl assified to the newest one. To our knowledge, mediastinal
lymph node dissection is the technique of choice in most thoracic centres
in Poland. Various chemotherapy regimens were used (exact data not
available), but cisplatin and vinorelbine were the most routinely used.
pNx was defined as 0 lymph nodes removed according to the latest TNM
classification [4]. ¢cN was defined as preoperative N descriptor and pN
was defined as postoperative (pathological) N descriptor.

2.1. Inclusion and exclusion criteria

The study period included the years 2007-2017. We included pa-
tients with confirmed NSCLC who received radical resection (R0) with
complete clinical data after lobectomy or pneumonectomy. We excluded
cases of patients after nonradical resection (R1), after sublobar or
extended resections, with incomplete or lost clinical data or who failed
to complete follow-up. Neoadjuvant ¢cN2 cases were included in the
study; however, they constituted a small portion of the entire cohort
(227 cases-1.3%). We decided to keep them to assess the possibility of
cN2-pNx.

2.2. Preoperative staging and follow-up

When patients had preoperative findings (>10 mm lymph nodes)
during radiological diagnostics (, computed tomography, magnetic
resonance imaging or positron emission tomography-computed tomog-
raphy (PET-CT)), invasive lymph node diagnostics (endobronchial-ul-
trasound transbronchial-needle-aspiration (EBUS-TBNA), oesophageal-
ultrasound fine-needle-aspiration (EUS-FNA), mediastinoscopy, media-
stinotomy) were performed.

Thoracic surgeons consulted patients within 2-3 weeks after surgery.
Generally, patients underwent follow-up diagnostics every 3-5 months
for 5 years. Follow-up included radiological examinations (chest
radiograph, computed tomography or, in justified cases, PET-CT or
magnetic resonance imaging). In the case of radiological findings, pa-
tients underwent an invasive procedure, similar to the preoperative
evaluation. Data from imaging tests and invasive procedures allowed us
to evaluate failure patterns. Failures in hilar and/or mediastinal lymph

Surgical Oncology 48 (2023) 101941

nodes were defined as new or enlarging lymph nodes with >10 mm
diameter in the short axis on computed tomography or as hypermetab-
olism on PET-CT. Recurrence in the ipsilateral hemithorax or medias-
tinum was defined as locoregional. Distant recurrence was defined as
recurrence in all other sites. The study period included the imple-
mentation times of PET-CT in Poland (from ~25% at the beginning to
~75% of cases at the end).

2.3. Statistical analysis

We divided patients into pN groups. Each cohort’s numerical vari-
ables were summarized by mean value and standard deviation. The
significance of differences between groups was assessed using the
Kruskal-Wallis test. Categorical variables were summarized as percent-
age frequency of occurrence. Statistical differences were evaluated with
the chi-squared test. Survival curves were estimated using the Kaplan-
Meier method and the log-rank test was used to assess statistical dif-
ferences between curves. To assess which groups were statistically
significantly different from each other, post hoc pairwise tests were
applied and the Benjamin-Hochberg multiple testing correction was
included. The multivariable Cox model was built on variables assessed
as statistically significant in the univariable Cox model. In all statistical
tests, 0.05 was considered the significance threshold. We conducted all
analyses in R using the survival and survminer packages.

3. Results

We included 17192 patients in our analysis. Overall, 11695 patients
had pNO (68%), 2580 had pN1 (15%), 1837 had pN2 (11%) and 1080
had pNx (6%) disease. Patient characteristics based on pN subgroups are
presented in Table 1.

PNx patients showed a different distribution of pT features (e.g., the
pTla percentage (3.1%) was similar to that of pNO (2.9%) rather than
those of pN1 and pN2 (0.6% and 0.9%)(p < 0.001). The pNx histopa-
thology rates were between pNO and pN1 (e.g., adenocarcinoma 51.8%,
58.0% and 47.9%, respectively, p < 0.001). pNx patients underwent
video-assisted thoracic surgery (VATS)(11.8%) less often than pNO
(23.2%) and at a similar rate as pN1 and pN2 patients (both 12.0%)(p <
0.001). pNx patients were more likely to be operated on in nonacademic
centres (63.2%) than pNO, pN1 and pN2 patients (47.9%, 42.5% and
53.1%, respectively; p < 0.001). The pNx pneumonectomy rate was
between those of pNO and pN1 (8.1%, 1.8% and 16.7%, respectively; p
< 0.001).

3.1. Lymph node characteristics

The mean numbers of resected lymph nodes and stations for the
entire cohort were 8.26 and 3.22, respectively. The mean numbers of
positive lymph nodes and stations were 2.89 and 1.99, respectively. The
lymph node yield of the entire cohort is presented in Fig. 1 pNx cases
were more likely to be cNO (89.8%) in comparison to pN1 (53.6%) and
pN2 (40.6%) but less likely in comparison to pNO (95.1%). In the case of
cN1 and cN2, the percentages were the second smallest for pNx after
pNO (p < 0.001). The pNx group was less likely to undergo media-
stinoscopy and EBUS-TBNA/EUS-FNA (4.9% and 8.8%, respectively)
than the pN1 (20.6% and 36.4%, respectively) and pN2 groups (32.7%
and 62.9%, respectively) but more likely than the pNO group (1.2% and
3.7%, respectively)(p < 0.001 and p < 0.001, respectively). Detailed
lymph node characteristics are presented in Table 2.

3.2. Survival analysis

The median follow-up time was 2429 days (79.86 months) (95%CI:
(2343-2549 days). Overall, the five-year OS rates were 64%, 45%, 32%
and 50% for pNO, pN1, pN2 and pNx, respectively (Table 3). The pNx
survival curve was placed just above the pN1 curve (Fig. 2). In pairwise
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Table 1
Patient demographics in pN subgroups.
Variable pNO(n =  pNl(n=  pN2(n = pNx(n = p-value
11695) 2580) 1837) 1080)
Age
Mean (SD) 64.7 63.8 63.4 63.9 <0.001
(7.69) (7.70) (8.33) (7.92)
Median [Min, 65.0 64.0 63.0 64.0
Max] [22.0, [32.0, [31.0, [39.0,
96.0] 87.01 85.01 85.0]
Sex
Female 4537 784 690 361 <0.001
(38.8%) (30.4%) (37.6%) (33.4%)
Male 7158 1796 1147 719
(61.2%) (69.6%) (62.4%) (66.6%)
pT
la 340 15 16 34 <0.001
(2.9%) (0.6%) (0.9%) (3.1%)
1b 2030 213 140 151
(17.4%) (8.3%) (7.6%) (14.0%)
1c 1862 313 196 152
(15.9%) (12.1%) (10.7%) (14.1%)
2a 3681 769 582 301
(31.5%) (29.8%) (31.7%) (27.9%)
2b 1259 402 266 120
(10.8%) (15.6%) (14.5%) (11.1%)
3 1726 535 393 194
(14.8%) (20.7%) (21.4%) (18.0%)
4 797 333 244 128
(6.8%) (12.9%) (13.3%) (11.9%)
Histopathology
Adenocarcinoma 6786 1235 1205 559 <0.001
(58.0%) (47.9%) (65.6%) (51.8%)
Squamous 4909 1345 632 521
(42.0%) (52.1%) (34.4%) (48.2%)
Approach
Thoracotomy 8987 2271 1617 953 <0.001
(76.8%) (88.0%) (88.0%) (88.2%)
Video-assisted 2708 309 220 127
(23.2%) (12.0%) (12.0%) (11.8%)
Procedure
Lobectomy 11475 2149 1472 993 <0.001
(98.2%) (83.3%) (80.1%) (91.9%)
Pneumonectomy 220 431 365 87
(1.8%) (16.7%) (19.9%) (8.1%)
Side
Right 7679 1420 1359 722 <0.001
(65.7%) (55.0%) (73.9%) (66.9%)
Left 4016 1160 478 358
(34.3%)  (45.0%)  (26.1%) (33.1%)
Center type
Academic 6088 1484 862 397 <0.001
(52.1%) (57.5%) (46.9%) (36.8%)
Other 5607 1096 975 683
(47.9%) (42.5%) (53.1%) (63.2%)
Comorbidities
Smoking 8259 1805 1266 748 0.401
(70.6%) (70.0%) (68.9%) (69.3%)
Diabetes 427 87 60 38 0.797
(3.7%) (3.4%) (3.3%) (3.5%)
Heart failure 316 58 42 26 0.46
(2.79%) (2.2%) (2.3%) (2.4%)
Kidney failure 146 23 12 5(0.5%) 0.0121
(1.2%) (0.9%) (0.7%)
Chronic 2841 611 406 194 <0.001
obstructive (24.3%) (23.7%) (22.1%) (18.0%)
pulmonary disease
Hypertension 5535 1128 827 429 <0.001
(47.3%) (43.7%) (45.0%) (39.7%)
Coronary disease 870 175 150 70 0.227
(7.4%) (6.8%) (8.2%) (6.5%)
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comparisons, all pN descriptors differed significantly from each other
(all p < 0.0001 but pNx vs. pN1 p = 0.016)(Table 4).

3.3. Subgroup survival analysis

In the adenocarcinoma subgroup, the five-year OS rates were 66%,
42%, 33%, and 53% for pNO, pN1, pN2, and pNx, respectively (Table 3).
In pairwise comparisons, all pN descriptors differed significantly from
each other (p < 0.0001) (Table 4). The pNx survival curve was placed
between the pNO and pN1 curves (Fig. 3).

In the squamous cell carcinoma subgroup, the five-year OS rates
were 61%, 48%, 31%, and 47% for pNO, pN1, pN2, and pNx, respec-
tively (Table 3). In pairwise comparisons, almost all pN descriptors
differed significantly from each other (p < 0.0001), but pNx was not
significantly different from pN1 (p = 0.92)(Table 4). The pNx survival
curve overlapped with the pN1 cwrve (Fig. 2).

In the open thoracotomy subgroup, the five-year OS rates were 62%,
44%, 32%, and 48% for pNO, pN1, pN2, and pNx, respectively (Table 3).
In pairwise comparisons, all pN descriptors differed significantly from
each other (pNx vs. pN1 p = 0.04, rest pairs p < 0.001)(Table 4). The
pNx survival curve was placed between the pNO and pN1 curves (Fig. 3).

In the VATS subgroup, the five-year OS rates were 77%, 64%, 40%,
and 75% for pNO, pN1, pN2, and pNx, respectively (Table 3). In pairwise
comparisons, pNO pN1 and pN2 significantly differed from each other,
but pNx significantly differed only from pN2 (Table 4). The pNx survival
curve overlapped with the pNO curve (Fig. 3).

The five-year OS rates of each pN descriptor based on pT subgroups
are presented in Table 3. Generally, a higher pT stage corresponded to
pNx survival that was similar to higher pN stages (see Supplementary
Material 1).

3.4. Multivariable analysis

In multivariable analysis, pNx was an independent prognostic risk
factor (HR = 1.37, 95%CI: 1.23-1.51, p < 0.01). pN1 was also an in-
dependent prognostic risk factor (HR = 1.14, 95%CI: 1.01-1.28, p =
0.029). We identified other independent prognostic factors: chronic
obstructive pulmonary disease, heart failure, stage IIIA, stage 1IIB, male
sex and age. VATS was an independent prognostic factor for survival
(Table 5).

4, Discussion

The adequate resection of lymph nodes is necessary to accurately
stage and qualify patients for adjuvant treatment [11]. Additionally, the
resection of occult metastasis significantly improves survival [12].
Based on current European Society of Thoracic Surgeons guidelines,
adequate lymph node resection in lung cancer surgery is defined as the
resection of at least 3 lymph nodes from N1 group stations and 3 lymph
nodes from N2 group stations [13]. However, experts have been divided
over this issue for almost 20 years. In 2005, Ludwig et al. revealed that
the optimal number of resected lymph nodes ranged from 11 to 16 [14].
Further studies did not set optimal cut-off values, but most unanimously
recommended the resection of more than 6 lymph nodes [15]. From
technical point of view, many surgical techniques of lymphadenectomy
are used in daily practice and are investigated in studies. Nevertheless
even the least invasive of these techniques require resection of many
lymph nodes [16]. [17]. [17]. [18]. [19]. [20]. Additionally, the TASLC
proposed a new, more complex pN staging classification that requires
more precise lymphadenectomy and a higher lymph node count [5].
Nevertheless, based on the Spanish study, 19.6% of lung cancer re-
sections had fewer than 6 LNs removed, and 21.1% of resections had
fewer than 3 LNs removed [23]. All arguments mentioned in this para-
graph and many more sources depict the complexity of lymphadenec-
tomy problems in lung cancer.

pNx status, which is a lack of resected lymph nodes, represents the
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Table 2 Table 3
Lymph node characteristics. The 5-year overall survival rates in pN subgroups.
Variable pNO PN1 PN2 PNX p-value Variable pNO PN1 PN2 PNX p-value
gnssa) a0y wesn i Overall 64% 45% 32% 50% <0.0001
Clinical N-stage pT
cNO 11132 1387 745 970 <0.001 la 79% 51% 44% 67% 0.027
(95.1%) (53.6%) (40.6%) (89.8%) 1b 76% 64% 51% 76% <0.0001
cN1 558 1132 950 108 lc 69% 54% 40% 57% <0.0001
(4.8%) (43.9%) (51.7%) (10.0%) 2a 64% 47% 31% 54% <0.0001
cN2 5(0.1%) 68(2.5%) 142 12 2b 60% 41% 42% 36% <0.0001
(7.7%) (0.2%) 3 56% 38% 25% 42% <0.0001
Preoperative diagnostics 4 44% 40% 21% 22% <0.0001
EBUS-TBNA/ 437 938 1155 96 <0.001 Histopathology
/EUS-FNA (3.7%) (36.4%) (62.9%) (8.8%) Adenocarcinoma 66% 42% 33% 53% <0.0001
Mediastinoscopy 139 532 601 53 <0.001 Squamous-cell-carcinoma 61% 48% 31% 47% <0.0001
(1.2%) (20.6%) (32.7%) (4.9%) Surgery type
Number of resected(mean) Thoracotomy 62% 44% 32% 48% <0.0001
Lymph nodes 8.61 9.10 9.28 <0.001 Video-assisted thoracic surgery 77% 64% 40% 75% <0.0001
Stations 227 3.12 3.65
Number of positive(mean)
Lymph nodes 3.17 4.41 <0.001 extreme of the inadequate lymphadenectomy spectrum. Based on the
Stations 1.87 2.40

EBUS-TBNA: Endobronchial-ultrasound transbronchial-needle-aspiration, EUS-

FNA: oesophageal-ultrasound fine-needle-aspiration.

SEER database, pNx occurs in between 8% and 24% of cases depending
on the region [7]. A dramatically high incidence of pNx was presented in
a study based on audits of pathological and surgical reports (42% and
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Fig. 2. Impact of pNx status on 5-year overall survival in comparison to other pN descriptors.
45% of cases, respectively). This work showed a large discrepancy be-
'lI)‘a.ble.4 . £ sub fodl tween the declared technique of lymphadenectomy and the actual
AITWISE comparison of Subgroup Survivars. number of LNs removed [9]. Little et al. made similar observations in
Variable Group 1 Group 2 p-value their study, where 53% of samples in mediastinoscopy did not contain
Overall lymph node tissue [24]. In our study, the percentage of pNx was 6.3%. In
PN1 pNO <0.0001 comparison to previous studies, we believe that this percentage is
Pgi pg? jg'gggi acceptable. Most of the pNx cases were staged preoperatively as cNO
gNX SNO <0'0001 (89.9%). However, the preoperative staging of mediastinal LNs was
PNX pN1 0.0160 higher in the pNx group than in the pNO group (EBUS-TBNA/EUS-FNA
PNX pN2 <0.0001 8.8% vs. 3.7% and mediastinoscopy 4.9% and 1.2%, respectively; both
His‘gpa‘h"b_gica] type p < 0.001). This finding indicates awareness of the importance of
Adenocarcinoma E:; gzg zg'gggi mediastinal lymph nodes in lung cancer. But, even though most cases
N2 pN1 <0:0001 were clinically unsuspicious (lymph node wise), something was unusual
PNX pNO <0.0001 as invasive lymph node diagnostics were performed more frequently
PNX PN1 <0.0001 than pNO. Identifying these preoperative factors as potential predictors
DNX pN2 0.0006 of pNx status might be essential and further studies are required. Also,
mediastinoscopy percentage in pNx is surprising and worrying, because
Squamous-cell-carcinoma pN1 pNO <0.0001 lymph nodes were not retrieved in both mediastinoscopy and thor-
PN2 PNO <0.0001 acotomy/VATS procedures. Additionally, a higher percentage of pNx
pPN2 PN1 <0.0001 4 o .
PNX pNO <0.0001 cases had pneumonectomy (8.1% vs. 1.8%, p < 0.001). Thus, despite the
PNX pN1 0.92 numerous N1 lymph nodes in pathological material, pathologists re-
PNX PN2 <0.0001 ported none in reports, which is surprising. Simply put, surgeons are
Surgical Approach responsible for N2 lymph nodes, and pathologists are responsible for N1
Thoracotomy pN1 pNO <0.0001 I .
pN2 pNO <0.0001 lymph nodes [9] Guidelines and frameworks of pathologist lymphade-
pN2 pN1 <0.0001 nectomy of intraparenchymal lymph nodes are as important as surgical
pNX pNO <0.0001 ones. In one study, almost 9% of pNO cases and 11% of pN2 cases had no
PNX PN1 0.04 N1 nodes reported. Surgeons certainly removed them with lung paren-
PNX pN2 <0.0001 chyma, but pathologists did not assess or report them. Although these
errors may seem oversimplified, the authors revealed the incorrect
Video-assisted thoracic surgery pN1 pNO 0:0002 labelling of lymph nodes, inaccurate procedure descriptions and com-
pN2 pNO <0.0001 .o . R
N2 N1 0:0064 munications barriers between surgeons and pathologists in final reports
PNX pNO 0.68 [15]. These errors demonstrate the importance of nontechnical skills as
pPNX pN1 0.21 a life-saving factor in surgery [25].
PNX PN2 0.0007 Our study population was dominated by T2a cases, and 53.5% of

cases were in stage I. Edwards et al. reported that incomplete
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Fig. 3. The subgroup survival analysis of pNx and other pN descriptor.

lymphadenectomy was more frequent in cases T1a and T4 disease than
in T2 disease [26]. Some surgeons might have neglected importance of
lymphadenectomy in lower stage lung cancers as they believed lymph
node metastases are less frequent in such cases. For example some re-
searchers suggested that the extent of lymphadenectomy should be
based on tumour size and histology [21]. However, others oppose such
recommendations because of the relatively high incidence of metastasis
to lymph nodes, even in pT1 tumours (e.g. 41% of pN2 cases had pT1
stage) [15,22]. Regardless of these data and preferences, the number of
lymph node retrieved should not be zero. In our opinion, meticulous
lymphadenectomy should be performed regardless of tumour size.
Additionally, most of our pNx patients were operated on by thoracotomy
rather than VATS (88.2% vs. 11.8%, p < 0.001) and were operated on at
nonacademic centres (63.2% vs. 36.8%, p < 0.001). Bilimoria et el.

Revealed similar findings in cases of stomach and pancreatic cancer.
They found that in academic centres, surgeons resected significantly
more lymph nodes (15 vs. 6 and 9 vs. 6, p < 0.001, respectively) [27].
Higher thoracotomy rate in pNx cases is surprising as usually VATS is
related with smaller number of lymph nodes removed [28]. But access to
less invasive techniques and experience in these techniques are better at
academic centres. Also, awareness of adequate lymphadenectomy is
higher at academic centres because of lifelong learning and academic
work, which defines new trends and guidelines. Thus, this might result
in lower rate of VATS technique in pNx subgroup in our study.

In our study, the 5-year OS in the pNx group was worse than that in
the pNO group but better than those in the pN1 and pN2 groups (50% vs.
64% vs. 45% vs. 32%, p < 0.0001). Additionally, in multivariable
analysis, pNx was an independent prognostic factor (HR = 1.37, 95%CI:
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Table 5
The multivariable analysis.
Variable Hazard Risk 95%CI p-value
PN status
pNO = reference
pN1 1.14 1.01-1.28 0.029
pN2 1.20 0.98-1.48 0,085
PNx 1.37 1.23-1.51 <0.01

Comorbidities
Lack of disease = reference

Chronic obstructive pulmonary disease 112 1.06-1.19 <0.01

Coronary disease 1.09 0.98-1.22 0.115

Heart failure 1.41 1.22-1.64 <0.01
pT status

pTla = reference

pT1b 1.02 0.51-2.01  0.964

pTlc 1.40 0.72-2.74 0.320

pT2a 1.62 0.84-3.12 0.153

pT2b 1.60 0.83-3.11 0.163

pT3 1.39 0.72-2.70 0.326

pT4 1.46 0.75-2.86  0.267
Stage

IA1 = reference

IA2 1.02 0.48-2.16 0.964

1A3 1.00 0.48-2.08 0.992

1B 0.98 0.48-2.03 0.966

IIA 1.15 0.55-2.40 0.706

1B 1.51 0.73-3.12 0.263

1A 213 1.02-4.45 0.045

111B 3.11 1.42-6.78 <0.,01
Histopathology

Adenocarcinoma = reference

Squamous cell carcinoma 0.97 0.92-1.03  0.306
Approach

Open thoracotomy = reference

Video-assisted thoracic surgery 0,63 0.56-0,70 <0.01
Sex

Female = reference

Male 1.39 1.31-1.47 <0.01
Age 1.02 1.02-1.02 <0.01

1.23-1.51, p < 0.01). In previous studies, pNx survival was similar to
PN1 or pN2 survival [7,8]. The above data suggest that pNx cases were
understaged. Thus, possible cancer cells in these lymph nodes were not
resected, and the patient did not benefit from potential further adjuvant
treatment.

Interestingly, the placement of the pNx survival curve depended on
other variables (e.g., approach, histology of tumour or pT), which rep-
resents a novel finding. Generally, variables indicating worse prognosis
or more malignant processes significantly moved the pNx curve towards
the pN1 or even pN2 curve (Fig. 3, Tables 3 and 4, Supplementary
Material 1). We hypothesize, that these variables indicate higher prob-
ability of lymph node metastases, which remain undetected and un-
treated in pNx cases. This results in worse prognosis.Thus, clinical
decisions on how to stage pNx cases could be based on coexisting other
variables, not exclusively on pNx status.

Our study has several limitations. We included a large cohort, but the
retrospective character of the study indicates potential selection bias. In
the database, lymphadenectomy data are based on pathologist reports
without considering surgeon reports. Thus, this assessment is unilateral.
Several dozens of centres participate in the database, and operative
techniques and lymph node reporting standards may consequently
differ. We excluded cases of sublobar or extended resections. However,
these groups were relatively small and did not impact the final results.
Sadly, the PLCSG database does not include detailed data on pre- and
postoperative chemotherapy because oncological treatment is usually
performed outside thoracic centres that participate in the database.
Neoadjuvant treatment was rare during the study period, and these cases
consequently did not significantly affect the final results. We decided to
include cN2 cases to assess the probability of the cN2-pNx phenomenon,
which is very rare but possible. Additionally, the study period included

Surgical Oncology 48 (2023) 101941

the times of PET-CT implementation in lung cancer diagnostics in
Poland.

In summary, the survival of pNx patients is similar to that of pN1
patients, rather than pNO Also, pNx status is an independent risk factor
of worse prognosis. Therefore, the resection of lymph nodes in lung
cancer remains a crucial step in the surgical treatment of NSCLC. pNx
overall survival rate and survival curve placement depends on the other
variables that could be useful in clinical decisions. Uniform procedures
of lymph node resection reports and tight cooperation between thoracic
surgeons and pathologists are needed to improve the quality of lym-
phadenectomy in lung cancer.
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Dyskusja

Limfadenektomia w leczeniu operacyjnym niedrobnokomorkowego raka ptuca pozostaje
jednym z najbardziej istotnych etapdéw leczenia operacyjnego, ale jednoczes$nie najbardziej
kontrowersyjnym. Przefozyto sie to na duze zainteresowanie srodowiska naukowego
dotyczgce tego zagadnienia, w tym rowniez nasze. W pracach uwzglednionych w niniejszej
pracy doktorskiej jedynie czesciowo przeanalizowaliSmy ten temat. Poza tym w poprzednich
pracach naszego zespotu naukowego badaliSmy takze inne aspekty limfadenektomii w raku
ptuca tj. klasyfikacje zaproponowang przez Asamure i wsp. jako potencjalnego nastepce TNM,
analize wptywu resekcji wezta 4L, poréwnanie VATS kontra torakotomia uwzgledniajgc liczbe
pobranych weztéw chtonnych [21, 42, 43]. Wyniki pracy dotyczgcej resekcji wezta 4L w
lewostronnym raku ptuca byty niemal tozsame z wynikami pracy o resekcji wezta 3a po stronie
prawej. Dostep mato inwazyjny VATS wigzat sie ze znamiennie mniejszg liczbg pobranych
weztdw chtonnych w poréwnaniu do torakotomii. Mimo tego, przezywalnosé grupy VATS byla
znamiennie lepsza niz grupy po torakotomii. Natomiast klasyfikacja Asamury i wsp. wydaje sie
lepiej stratyfikowaé pacjentéw w grupy prognostyczne. Jednoczesnie ze wzgledu na jej
ztozonos¢, liczba pobranych weztéw chtonnych ma duzy wptyw na jej doktadnos¢. Niemniej to
nadal nie uwzglednia catego zbioru réznych kontrowersji i probleméw dotyczgcych weztéw
chtonnych w raku ptuca. Badacze w swoich pracach analizujg przerézne aspekty: zjawisko
~przeskakujgcych” weztdw chtonnych (skip metastasis), mikroprzerzuty, przedoperacyjnie
niewykryte przerzuty pN2 [9, 12, 44]. Biorgc pod uwage typowy sptyw chtonki z ptuc, przerzut
do grupy N2 powinien rowniez oznaczaC przerzut do wezta grupy N1. Jednak nierzadko
przerzut nowotworowy omija wezly grupy N1 i trafia bezposrednio do wezidéw grupy N2.
Teoretycznie zaréwno przypadki z przeskakujagcym przerzutem, jak i z klasycznymi
przerzutami powinny rokowac tak samo, bo nalezg do tej samej grupy prognostycznej N2.
Jednak pacjenci ze zjawiskiem skip metastasis rokujg znamiennie lepiej. Mikroprzerzuty
(zdefiniowane jako <2mm) w weztach chtonnych grupy N2 réwniez przektadajg sie na lepsze
rokowanie niz przerzuty wigksze. Brak jakichkolwiek przedoperacyjnych podejrzen i zmian
sugerujgcych przerzuty w grupie N2 nie wyklucza obecnosci tych przerzutéw w materiale
pooperacyjnym. To rowniez nie wyczerpuje catkowicie tematu kontrowersji i nietypowych

zjawisk w limfadenektomii w raku ptuca.

Takie zjawiska powoduja, ze grupy chorych w poszczegélnych cechach N z klasyfikacji TNM,
sg heterogenne. Przyktadowo chory z cechg pNO, ktéremu pobrano 1 wezet chtonny, a chory
ktoremu pobrano takich weztébw 10 to zupetnie dwie rézne grupy pod wzgledem

przezywalnosci, doszczetno$ci leczenia i precyzyjnosci stagingu. W przypadku tego
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pierwszego istnieje duzo wieksze ryzyko, ze chory jest niedodiagnozowany pod wzgledem
stopnia zaawansowania z powodu niedostatecznej limfadenektomii, co moze pogorszy¢
rokowanie z powodu nieusuniecia komoérek nowotworowych z wezidw chtonnych i
nieotrzymania adjuwantowej chemioterapii. Niewatpliwie dotychczasowa cecha N pozwala w
prosty sposéb stratyfikowa¢ chorych i decydowac o dalszym postepowaniu. Szczegdlnie jest
to istotne przy klasyfikacji przedoperacyjnej (cN), gdzie dane o pacjencie sg mniej petne niz
po operacji. Warto zauwazyc¢, ze w niektorych nowotworach staging przedoperacyjny jest
oparty na innych Kkryteriach niz staging pooperacyjny. Przyktadowo w raku piersi staging
przedoperacyjny weztéw chtonnych oparty jest na lokalizacji i charakterystyce. Natomiast
staging pooperacyjny zalezy miedzy innymi od liczby przerzutowych weztéw chtonnych [8].
By¢ moze w przysztosci do takiego rozréznienia dojdzie w stagingu raku ptuca. Istotne rowniez
jest to, ze wiekszo$¢ prac naukowych i analiz opiera sie na raportach operacyjnych lub
patologicznych, wiec wyniki i wnioski sg adekwatne w stosunku do cechy pN, a niekoniecznie

do cechy cN.

Jednym z najbardziej elementarnych zagadnien w limfadenektomi w leczeniu operacyjnym
raka ptuca jest zakres minimalnej resekcji weztdéw chtonnych. Miedzynarodowe towarzystwa
naukowe takie jak European Society of Thoracic Surgeons oraz National Comprehensive
Cancer Network zalecajg pobranie co najmniej 6 stacji weztéw chtonnych (3 stacje z grupy N1
i 3 stacje z grupy N2)[45, 46]. Minimalny zakres resekcji weztéw chtonnych jest elementem,
ktory przewija sie przez wszystkie publikacje uwzglednione w niniejszej pracy. W przypadku
manuskryptu o alternatywnych metodach klasyfikacji weztéw chtonnych, im bardziej ztozony
system klasyfikacji tym wiekszy wptyw liczby pobranych weztéw chtonnych na funkcjonowanie
danej klasyfikacji. Sama liczba pobranych weztéw chtonnych jest istotnym czynnikiem
prognostycznym. W przypadku pracy o pobieraniu przednaczyniowej stacji weztéw chtonnych
(3a), jest to jedna z metod zwiekszenia jakosci limfadenektomii i liczby pobranych weztow
chtonnych, szczegdlnie w bardziej zaawansowanych przypadkach raka ptuca. Natomiast
praca o zupetnym braku pobrania weziébw chionnych (pNx) przedstawia ekstremum
nieadekwatnej limfadenektomii w raku ptuca. Nieadekwatna limfadenektomia nie jest
zerojedynkowa, ale jest pewnego rodzaju spektrum. Jak wczesniej wspomnieliSmy
miedzynarodowe towarzystwa wyznaczyly liczbe 6 stacji weztéw chtonnych [32, 45]. Ludwig i
wsp. W swojej pracy wykazali, ze przezywalno$¢ pacjentow rosnie az do wartosci 16 pobranych
weztéw chtonnych. W innych pracach wartosci te byly jeszcze wieksze. Z drugiej strony istniejg
glosy i dane stwierdzajgce, ze liczba weztéw chtonnych jest zmienna osobniczo, zgodna z

rozktadem normalnym Gaussa [33, 34].

Analiza alternatywnych metod klasyfikacji weztéw chtonnych wskazuje, ze aspekt iloSciowy

cechy N powinien zosta¢ uwzgledniony w przysztych edycjach klasyfikacji TNM. Nawet samo
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IASLC w dwoch ostatnich analizach w ramach tzw. Lung Cancer Staging Project zasugerowato
i zbadato wprowadzenie aspektu ilosciowego w nowych wersjach tej klasyfikacji. Ostatecznie
takich zmian nie dokonano ze wzgledu na brak wystarczajgcych danych i koniecznosé
dalszych badan. W 2007 roku IASLC zasugerowato wprowadzenie liczby stref (ang. zone)
weztéw chtonnych, a w 2015 roku liczbe stacji weztéw chtonnych z uwzglednieniem zjawiska
przeskakujgcych przerzutow (ang. skip-metastasis). W literaturze mozna znalez¢ duzo wiecej
przyktadow - liczba przerzutowych weziéw chtonnych, stosunek weztéw chionnych
przerzutowych do nieprzerzutowych, modyfikacja tego stosunku za pomocg logarytmu,
tancuchy weztowe (ang. nodal chain) itp. Warto wspomniec, ze cecha N raka innego narzadu
klatki piersiowej — przetyku — jest oparta na liczbie pozytywnych weztéw chtonnych [8].
Mnogos¢ tych klasyfikacji, retrospektywny charakter prac, niedostateczna ilos¢ danych
sprawiajg, ze ustalenia docelowej klasyfikacji iloSciowej bedzie wymagato duzych

prospektywnych badanh.

Wezet chtonny przednaczyniowy (3a) jest stosunkowo rzadko pobieranym weziem chtonnym
Srodpiersia (3,5% chorych operowanych z prawostronnym rakiem ptuca). Zazwyczaj nie jest
rutynowo pobierany podczas operacji. Domniemywamy, ze torakochirurdzy pobierajg je z
dwéch gtdwnych powoddéw — wzbudzajg zainteresowanie operatora podczas operacji lub
wynika to z preferencji i techniki operacyjnej danego operatora. Z drugiej strony ich lokalizacja
i sgsiedztwo z zytg gtdbwng gorng i nerwem przeponowym moze zniechecaé niektérych ze
wzgledu na potencjalne powiktania. Mimo braku wplywu resekcji weztow 3a na ogolng
przezywalno$¢ wsrod chorych leczonych operacyjnie na raka ptuca, czestosé przerzutéw do
tej stacji weztébw chionnych jest poréwnywalna do czestosci przerzutoéw do innych, bardziej
rutynowych stacji weztéw chfonnych srdédpiersia. Az 8% pobranych weztéw ze stacji 3a byto z
przerzutami nowotworu, a w przypadku rutynowo pobieranych weztow z stacji grupy 7 i 4R
byto to odpowiednio 7% i 10% Czestos¢ tych przerzutéw rosnie wraz ze wzrostem stopnia
zaawansowania nowotworu. Przyktadowo miedzy pT1c a pT2a nastgpit wzrost z 4% do 9%, a
w przypadku podgrupy pT4 czestos¢ przerzutéw wsrdd pobranych weztéw chtonnych wynosita
az 15%. Lokalizacja guza w pfacie dolnym nie wyklucza przerzutu do tej stacji. Czestosé
przerzutdw nie roznita sie istotnie statystycznie miedzy lobektomig gérng a dolng. Natomiast
znaczgco rzadziej wezty grupy 3a byly pobierane w przypadku dolnych lobektomii. Z tych
powodow ta stacja wezidbw chtonnych powinna wzbudzi¢ zainteresowanie wszystkich
operatoréw. Ponadto pobranie dodatkowej stacji weztow chtonnych Srodpiersia moze byc

jedng z metod zwiekszenia jakosci limfadenektomii w raku ptuca.

Zjawisko catkowitego braku pobrania weziow chtonnych Srodpiersia to przyktad skrajnej
nieadekwatnej limfadenektomii w leczeniu operacyjnym raka ptuca. W naszej pracy do takiego

Zjawiska doszto w 6% przypadkéw. Wydaje sie to by¢ duzo, jednak na tle innych prac
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dotyczgcych tego zagadnienia jest to relatywnie niska wartosé¢. W duzym uproszczeniu w
takich przypadkach musiato doj$¢ do dwoch wydarzen. Po pierwsze chirurg nie pobrat lub nie
znalazt zadnego wezta chtonnego srédpiersia i wneki ptuca oraz patomorfolog nie pobrat lub
nie znalazt zadnego wezta chtonnego wewnatrz migzszu ptuca. Szczegdlnie zaskakujgce jest
to, ze patolodzy nie znalezli tych weztéw w materiale po pneumonektomii, a przypadkéw pNx
byto nawet wiecej w tej grupie (8,1%). Piecioletnie ogdlne przezycia chorych z pNx nie sg tak
dobre jak przypadki pNO jak miatoby to wynika¢ z klasyfikacji TNM (50%). Przezycia sg gorsze
niz pNO (64%) i bardziej zblizone do pN1 (45%). Wszystkie przezycia cech pN ( w tym pNXx)
istotnie statycznie sie od siebie roznity. Co ciekawe i nowe w naszej pracy, rézne czynniki
pogarszajgce rokowanie przesuwajg krzywag przezycia pNx w strone pN1, a nawet pN2.
Torakotomia, rak ptaskonabtonkowy, wyzsze stadia pT sprawiajg ze pacjenci ze zjawiskiem
pNx rokujg duzo gorzej niz odpowiednio podgrupy z VATS, rakiem gruczotowym czy nizszymi
stadiami pT. W codziennej praktyce uwzgledniajgc takie czynniki mozna by przypuszczalnie
oszacowac rzeczywisty status pN i zaplanowac dalsze leczenie. Przykladowo w przypadku
cechy pT1b przezywalno$¢ dla pNx wynosita 76% i nie roznita sie istotnie statystycznie od pNO
(76%, p = 0,76). Natomiast w przypadku cechy pT4 przezywalnos¢ dla pNx wynosita 22% i nie
roznita sie istotnie statystycznie od pN2 (21%, p = 0,9). W analizie wieloczynnikowej zjawisko
pNx byto niezaleznym czynnikiem prognostycznym co stanowi o jego istotnosci klinicznej (HR
=1.37, 95%CI: 1.23-1.51, p < 0.01).

Gtéwnym ograniczeniem pracy pogladowej o alternatywnych metodach klasyfikacji weztéw
chtonnych w raku ptuca jest metodologia omawianych prac. Wiekszo$¢ z nich byto pracami
retrospektywnymi. R6zne prace dotyczace tych samych metod klasyfikacji uzywaty réznych
wartosci punktéw odciecia i poszczegdlnych podgrup, co sprawia, ze ich poréwnywanie jest
nieadekwatne. Ponadto dokonalismy jedynie analizy jakosciowej bez analizy ilosciowej prac

zawartych w pracy poglgdowe;.

W przypadku pracy o weztach chtonnych grupy 3A najwigkszym ograniczeniem pracy jest jej
retrospektywny charakter. Z tego powodu zdecydowaliSmy o uzyciu tzw. Propensity Score
Matching, by zwiekszy¢ jakos¢ i istotnos¢ statystyczng pracy. Ze wzgledu na rzadkosé
pobierania weztdw chtonnych tej grupy kolejnym ograniczeniem jest liczebno$¢ analizowanej
grupy. Fakt, ze mimo tego czestosc przerzutow w tych weztach jest stosunkowa duza, moze
sugerowac, ze srodoperacyjne znaleziska wptynety na decyzje torakochirurga. W takich
przypadkach mogto dojs¢ do stronniczosci selekcji. Uwzgledniony w pracy zakres lat
przypadkow przypada na proces wprowadzania badah PET-CT do Polski. Poczgtkowo nie byty
one dostepne, natomiast pod koniec tego okresu byty niemal powszechne. Dodatkowo
uwzglednione lata nie umozliwiaty analizy podtypow genetycznych nowotworéw. Dane w bazie

danych nie umozliwiajg przeprowadzenia innych analiz dlugofalowych przezycia niz przezycia
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ogolne (np. przezycia wolnego od wznowy). W koncu brak informacji o dalszym leczeniu w
osrodkach onkologicznych. Ze wzgledéw organizacyjnych w Polsce leczenie onkologiczne
chorych na raka ptuca odbywa sie gtéwnie poza jednostkami z oddziatami chirurgii klatki
piersiowej. Te podmioty nie biorg aktywnego udziatu w bazie danych Polskiej Grupy Raka

Ptuca, przez co wiele informacji nie dociera do wspomnianej bazy danych.

W przypadku pracy o zjawisku pNx istnieje wiele jej ograniczen, ktére sg podobne do tych z
pracy o weztach 3a. Retrospektywny charakter pracy, uwzglednione czasy wprowadzania
PET-CT w Polsce, brak informacji dotyczacych genetyki raka, brak innych analiz przezycia,

czy tez brak danych z osrodkéw onkologicznych to wspdlne ograniczenia tych dwoch prac.

Podsumowanie i wnioski

W niniejszej dysertacji doktorskiej wykazano, ze limfadenektomia w leczeniu operacyjnym raka
ptuca pozostaje jednym z najwazniejszych elementdéw leczenia. Jakos¢ limfadenektomii
bezposrednio wptywa na wyniki leczenia. Jednoczesnie istnieje wiele kontrowersji, problemow
i zagadnien, ktére wymagajg dalszych badan i opracowania. Istniejgce klasyfikacje nie sg
doktadne i prawdopodobnie bedg wymagaty zmian. W niniejszej dysertacji przedstawiono

nastepujgce szczegdétowe wnioski:

e Aktualna cecha N w klasyfikacji TNM nie jest doktadna i prawdopodobnie bedzie w
przysztosci zmieniona

o |Istnieje wiele alternatywnych metod klasyfikacji weztéw chionnych. Szczegdlnie te
uwzgledniajgce aspekt ilosciowy wydajg sie istotne.

o Resekcja wezta przednaczyniowego 3a nie ma wptywu na ogolng przezywalnosé

o Niemniej czestos¢ przerzutdw do tej stacji weztdw chtonnych jest poréwnywalna do
innych bardziej rutynowych stacji oraz ro$nie wraz z zaawansowaniem pT.

e Zjawisko pNx $wiadczy o gorszym rokowaniu, bardziej zblizonym do cechy pN1 niz
pNO

e Inne czynniki takie jak cecha pT, dostep operacyjny oraz histologia raka wptywajg na
umiejscowienie krzywej przezywalnosci pNx, co pozwala na oszacowanie

rzeczywistego rokowania u pacjentow z cechg pNx.
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