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Abstract

Background: Lung cancer remains the most common cause of cancer death worldwide. Anatomical lung

resection remains the standard in early-stage lung cancer, but the ideal therapy for advance-stage Non-Small Cell
Lung Cancer (NSCLC) with pN2 lymph node involvement remains controversial. In most cases pN1 and pN2 lymph
nodes are affected consecutively (NLN2). Nevertheless, pN2 metastases also occur without pN1 involvement-termed
skip-N2 metastases (NON2). We reviewed current literature regarding the overall survival of NON2. Furthermore,
we discussed the possibilities of implementing NON2 into the guidelines and if those patients would benefit from a
different treatment modality.

Summary: According to the literature, NON2 is a prognostic factor for long-term survival in pN2 stage patients
compared to N1IN2. The overall survival of NON2 patients is similar to pN1 stage NSCLC patients. Despite
significant long-term survival differences, the current guidelines do not distinguish between NON2 and N1N2. In
our opinion, patients with NON2 and N1N2 should receive different therapies. It would be beneficial to evaluate the
pN1 involvement preoperatively, in order to provide different therapeutic approaches for NON2 and N1N2 patients.

nectomy; Stage N2 disease

However, such a strategy is dependent on the efficiency of intrapulmonary lymph node assessment.

Key messages: NON2 patients show significantly higher survival rates compared to patients with NIN2. Overall,
pN2-stage NSCLC patients would benefit from a more sophisticated preoperative intrapulmonary lymph node
assessment allowing for a more precise multimodal therapy.
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Introduction

Despite significant improvements in therapy and diagnostics over
the past decade, lung cancer remains the most common cause of cancer
death worldwide [1]. Even though, pulmonary resection remains the
gold standard in the therapy of early-stage lung-cancer [2], the therapy
of locally advanced Non-Small-Cell-Lung-Cancer (NSCLC) remains
controversial [3]. Besides tumour size, lymph node involvement
in particular contributes substantially to the prognosis of NSCLC
patients. Therefor radical lymphadenectomy during surgical resection
is mandatory during thoracic surgery. Dependent on the involvement of
hilar, intralobular or mediastinal lymph nodes, lymph node involvement
is classified into pNO, pN1 (hilar and intralobular lymph nodes), pN2
(mediastinal) and pN3 (contralateral). PNO patients have no detectable
lymph node involvement. According to guidelines, PN1 patients should
receive adjuvant chemotherapy, whereas pN2 stage patients receive
a combined adjuvant chemo radiation therapy [2,4]. Patients in pN3
stage are not considered suitable for surgical intervention. Mostly, pN1
and pN2 Mostly, pN1 and pN2 lymph nodes are affected consecutively
as continuous-N2 metastases (N1N2), but pN2 metastases may also
occur in the absence of pN1 metastases as skip-N2 metastases (NON2).
In those cases, NON2 patients skip the hilar lymph nodes with direct
drainage from tumour cells to the mediastinum, by vessels neglected by
intrapulmonary lymph nodes. This anomaly is described since 1980 [5]
and is detectable in approximately 20%-30% of examined cases [6,7]. It
appears that patients with NON2 have favourable long-term prognosis
compared to patients with N1IN2 [6-8].

This work is intended to review the current literature surrounding
the survival rates of skip-N2 metastases, discuss the possibilities of

implementing NON2 and N1N2 into the guidelines and to debate about
different treatment modalities.

Are Skip-N2 Metastases a Prognostic Factor for Long-
Term Survival in pN2 Stage Patients?

Several studies indicated a significantly improving survival in
NON2 patients compared to N1N2 patients [8-10]. Very recently Li
et al. reported from a Chinese collective where they included 2653
patients into a retrospective study [8]. 881(32%) were diagnosed with
NON2. The authors demonstrated a significant better overall survival
of NON2 patients (p=0.0019) compared to patients with NIN2. The
study published by Li et al. is currently the largest analysis dealing with
skip-N2 metastases [8]. Our study group presented comparable results
identifying skip-N2 metastases as an independent factor for a better long
term survival [9]. Apart from significantly worse long-term survival
for N1IN2 patients, Cao et al. and Yagzan et al. demonstrated, that the
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overall of survival of NON2 patients was similar to patients with a pN1
stage NSCLC [11,12]. Yagzan et al. showed that the pN1 stage patients
in their cohort had a median survival of 73.1 months, patients with
NON2 of 60.3 months and patients with NIN2 of 21.8 months [2,11].
Al these significant results naturally raise the question of whether
the distinction between NON2 and N1N2 is underrepresented in the
current guidelines.

Implementing Skip-N2 Metastases into the Guidelines

Skip-N2 metastases are not addressed in the guidelines on pN2 stage
NSCLC so far [2,13]. But the International Association for the Study
of Lung Cancer (IASLC) already proposed to include subcategories of
pN2 disease, like NON2, for a potential revision of the current UICC
8 staging model [3,14]. Hopefully, we are able to contribute with the
previous work as well as this work a part to keep the discussion going

[9].
Should we Treat Patients with N1IN2 Differently?

PN2 stage NSCLC patients clearly benefit from a neo adjuvant
therapy approach [15,16]. However, there are to date no clear
recommendations for neo adjuvant therapy by any professional societies
[2,13]. Due to their poor overall survival especially N1IN2 patients
could benefit substantially from this therapeutic approach. Hence,
patients with NON2 could be directly subjected to surgery followed by
an adjuvant therapy. A preoperative differentiation between NON2 and
N1N2, in patients with a reasonable suspicion of N2 involvement in the
Positron Emission Tomography-CT scans (PET-CT), would be possible
ifi.e., N1 lymph nodes X and X1 and N2 lymph nodes V1l and VIl were
biopsied via End Bronchial Ultra-Sound (EBUS), respectively. However,
such a strategy is dependent on the efficiency and the availability of
preoperative intrapulmonary lymph node assessment. Currently, there
are no particular pneumological or pathological protocols for this
particular approach of preoperative extensive lymph node staging.

Is the Adjuvant Therapy for pN2 Stage NSCLC Patients
Still Appropriate?

At leastaccording to European guidelines pN2 stage NSCLC patients
irrespective of their pN1 involvement, receive Cisplatin and Vinorelbine
or Cisplatin and Etoposide as first-line adjuvant chemotherapy for
four to six cycles and a radiation therapy with 60 Gray radiation doses
[2,4]. Therefore, the currently available adjuvant therapy potential is
exhausted. Furthermore, especially Platin-based therapies have severe
side effects, like polyneuropathies and chronical kidney injury [17].
Unfortunately, NIN2 patients still have poor survival rates [8,9]. It is
plausible that NON2 patients are over treated and/or N1IN2 patients
are undertreated with the current therapeutic approach, in particular
keeping in mind the significantly better survival rates of NON2 patients,
which are similar to pN1 stage patients [11,12], it is more likely that the
treatment of N1N2 patients should be revised. Targeted and immune
therapies are well established in stage IV lung cancer [18].

Unfortunately, these treatments are not yet approved as the first line
adjuvant therapy, but instead are only considered in the event of relapse.
N1N2 patients in particular might benefit from the implementation of
these therapies as first-line adjuvant therapy. Obviously, a modification
of the treatment of NON2 patients would also be conceivable. Due
to the current guidelines pN1-stage patients receive a platin-based
chemotherapy [13]. If pN2 lymph nodes are affected consecutively this
is followed by a mediastinal radiation therapy [2]. Now, of course, if
no N1 lymph nodes are affected, as in the NON2 patients, one could

postulate that exclusive mediastinal irradiation would be sufficient for
these patients.

Conclusion

Patients with skip-N2 metastases showed significantly better survival
rates compared to patients with continuous-N2 metastases. The studies
included in this review agree that pN2-NSCLC patients would benefit
from a more sophisticated preoperative intrapulmonary lymph node
assessment in order to implement a more precise multimodal therapy.

Conflict of Interest

No Conflict of Interest

Funding
This work was not supported by any external funding.

References

1. Ferlay J, Colombet M, Soerjomataram |, Dyba T, Randi G, et al. (2018) Cancer
incidence and mortality patterns in Europe: Estimates for 40 countries and 25
major cancers in 2018. Eur J Cancer 103: 356-387.

2. Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, et al. (2017) Early and
locally advanced non-small-cell lung cancer (NSCLC): ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol 28: iv1-iv21.

3. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, et al. (2016)
The IASLC lung cancer staging project: proposals for revision of the thm stage
groupings in the Forthcoming (Eighth) Edition of the TNM Classification for
Lung Cancer. J Thorac Oncol 11: 39-51.

4. Vansteenkiste J, De Ruysscher D, Eberhardt WE, Lim E, Senan S, et al. Early
and locally advanced Non-Small-Cell Lung Cancer (NSCLC): ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann of Oncol 6: vi89-
9vi98.

5. Libshitz HI, McKenna RJ Jr, Mountain CF (1986) Patterns of mediastinal
metastases in bronchogenic carcinoma. Chest 90: 229-232.

6. Wang L, Zhan C, Gu J, Xi J, Lin Z, et al. (2019) Role of skip mediastinal lymph
node metastasis for patients with resectable non-small-cell lung cancer: A
propensity score matching analysis. Clin Lung Cancer 20: e346-e355.

7. Xing H, Hu M, Chen J, Guo Y, Liu D, et al. (2020) Combining node location
and node ratio as a prognostic factor for surgical resected non-small cell lung
cancer: A population-based study. J Thorac Dis 12: 3549-3560.

8. LiX, LiX, FuX,LiuL, LiuY, etal. (2020) Survival benefit of skip metastases in
surgically resected N2 non-small cell lung cancer: A multicentre observational
study of a large cohort of the Chinese patients. Eur J Surg Oncol 46: 1874-
1881.

9. Schlachtenberger G, Doerr F, Mengheha H, Heldwein MB, Hagmeyer L, et al.
(2021) Postoperative long-term survival of non-small cell lung cancer patients
with skip-N2 metastases. J Surg Oncol

10.Li H, Hu H, Wang R, Li Y, Shen L, et al. (2015) Lung adenocarcinoma: Are
skip N2 metastases different from non-skip? J Thorac Cardiovasc Surg 150:
790-795.

11. Yazgan S, Ucvet A, Gursoy S, Samancilar O, Yagci T, (2019) Single-station
skip-N2 disease: good prognosis in resected non-small-cell lung cancer (long-
term results in skip-N2 disease). Interactive Cardiovascular and Thoracic
Surgery 28: 247-252.

12. Cao Q, Zhang B, Zhao L, Wang C, Gong L, et al. (2015) Reappraisal of the role
of postoperative radiation therapy in patients with pllla-N2 non-small cell lung
cancer: A propensity score matching analysis. Thoracic Cancer 6: 570-578.

13. Eberhardt WE, De Ruysscher D, Weder W, Le Péchoux C, De Leyn P, et al.
(2015) 2nd ESMO Consensus Conference in Lung Cancer: Locally advanced
stage Il non-small-cell lung cancer. Ann Oncol 26: 1573-1588.

14. Eberhardt WE, Mitchell A, Crowley J, Kondo H, Kim YT, etal. (2015) The IASLC
lung cancer staging project: Proposals for the revision of the M descriptors in
the forthcoming eighth edition of the thm classification of lung cancer. J Thoraic
Oncol 10: 1515-1522.

J Oncol Res Treat, an open access journal

Volume 6 o Issue S1 ¢ 1000004


https://doi.org/10.1016/j.ejca.2018.07.005
https://doi.org/10.1016/j.ejca.2018.07.005
https://doi.org/10.1016/j.ejca.2018.07.005
https://www.esmo.org/guidelines/lung-and-chest-tumours/early-stage-and-locally-advanced-non-metastatic-non-small-cell-lung-cancer
https://www.esmo.org/guidelines/lung-and-chest-tumours/early-stage-and-locally-advanced-non-metastatic-non-small-cell-lung-cancer
https://www.esmo.org/guidelines/lung-and-chest-tumours/early-stage-and-locally-advanced-non-metastatic-non-small-cell-lung-cancer
https://doi.org/10.1093/annonc/mdt241
https://doi.org/10.1093/annonc/mdt241
https://doi.org/10.1093/annonc/mdt241
https://doi.org/10.1093/annonc/mdt241
https://doi.org/10.1378/chest.90.2.229
https://doi.org/10.1378/chest.90.2.229
https://doi.org/10.1016/j.cllc.2018.12.007
https://doi.org/10.1016/j.cllc.2018.12.007
https://doi.org/10.1016/j.cllc.2018.12.007
https://doi.org/10.21037/jtd-20-758
https://doi.org/10.21037/jtd-20-758
https://doi.org/10.21037/jtd-20-758
https://doi.org/10.1016/j.ejso.2019.12.015
https://doi.org/10.1016/j.ejso.2019.12.015
https://doi.org/10.1016/j.ejso.2019.12.015
https://doi.org/10.1016/j.ejso.2019.12.015

Citation: Schlachtenberger G, Doerr F, Menghesha H, Heldwein MB, Michel M, et al. (2021) Pnl Involvement Independently Affects Long-Term
Survival of Pn2 Stage Non-Small Cell Lung Cancer after Thoracic Surgery. J Oncol Res Treat S1: 004.

Page 3 of 3

15. Uprety D, Mandrekar SJ, Wigle D, Roden AC, Adjei AA (2020) Neoadjuvant 17-Hainsworth JD, Johnson DH, Hande KR, Greco FA (1989) Chemotherapy of
immunotherapy for NSCLC: Current concepts and future approaches. J Thorac advanced non-small-cell lung cancer: A randomized trial of three cis-platin-
Oncol 15: 1281-1297. based chemotherapy regimens. Cancer Clin Trials 12: 345-349.

18. Mok TSK,Wu YL, Kudaba I, Kowalski DM, Cho BC, et al. (2019) Pembrolizumab
16. Provencio M, Nadal E, Insa A, Garcia-Campelo MR, Casal-Rubio J, et al.

versus chemotherapy for previously untreated, PD-L1-expressing, locally
(2020) Neoadjuvant chemotherapy and nivolumab in resectable non-small-cell advanced or metastatic non-small-cell lung cancer (KEYNOTE-042): A
lung cancer (NADIM): An open-label, multicentre, single-arm, phase 2 trial. randomised, open-label, controlled, phase 3 trial. Lancet (London, England)
Lancet Oncol 21: 1413-1422.

393: 1819-1830.

J Oncol Res Treat, an open access journal Volume 6  Issue S1 ¢ 1000004


https://doi.org/10.1016/j.suronc.2020.11.019
https://doi.org/10.1016/j.suronc.2020.11.019
https://doi.org/10.1016/j.suronc.2020.11.019
https://doi.org/10.1016/j.jtcvs.2015.03.067
https://doi.org/10.1016/j.jtcvs.2015.03.067
https://doi.org/10.1016/j.jtcvs.2015.03.067
https://doi.org/10.1093/icvts/ivy244
https://doi.org/10.1093/icvts/ivy244
https://doi.org/10.1093/icvts/ivy244
https://doi.org/10.1093/icvts/ivy244
https://doi.org/10.1111/1759-7714.12224
https://doi.org/10.1111/1759-7714.12224
https://doi.org/10.1111/1759-7714.12224
https://doi.org/10.1093/annonc/mdv187
https://doi.org/10.1093/annonc/mdv187
https://doi.org/10.1093/annonc/mdv187
https://doi.org/10.1097/JTO.0000000000000673
https://doi.org/10.1097/JTO.0000000000000673
https://doi.org/10.1097/JTO.0000000000000673
https://doi.org/10.1097/JTO.0000000000000673
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1016/S1470-2045(20)30453-8
https://journals.lww.com/amjclinicaloncology/Abstract/1989/08000/Chemotherapy_of_Advanced_Non_Small_Cell_Lung.14.aspx
https://journals.lww.com/amjclinicaloncology/Abstract/1989/08000/Chemotherapy_of_Advanced_Non_Small_Cell_Lung.14.aspx
https://journals.lww.com/amjclinicaloncology/Abstract/1989/08000/Chemotherapy_of_Advanced_Non_Small_Cell_Lung.14.aspx
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7

	Introduction
	Are Skip-N2 Metastases a Prognostic Factor for Long- Term Survival in pN2 Stage Patients?
	Implementing Skip-N2 Metastases into the Guidelines
	Should we Treat Patients with N1N2 Differently?
	Is the Adjuvant Therapy for pN2 Stage NSCLC Patients Still Appropriate?
	Highlights
	Conclusion
	Conflict of Interest
	Funding

