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Lymphovascular invasion is an independent
prognostic factor for survival in pathologically
proven N2 non-small cell lung cancer
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Summary

BACKGROUND: We aimed to analyse the nodal spread
of our non-small cell lung cancer pN2 cohort according to
tumour location, the possible implications of an unusual
spreading pattern, and other factors influencing postoper-
ative survival after anatomical lung resection.

METHODS: In this retrospective observational study, clin-
ical data was collected for 124 consecutive non-small cell
lung cancer (NSCLC) patients with a pathological N2
(stage IIIA or B) undergoing anatomical lung resection at
our institution between 2001 and 2010. Cox regression
was used to analyse independent predictors of 5-year
overall survival and recurrence-free survival.

RESULTS: A total of 105 patients were included in the final
analysis. Tumour location in the right upper lobe and mid-
dle lobe was significantly more often associated with in-
volvement of lymph node stations 2 and 4 than NSCLC in
the right lower lobe (station 2: right upper vs right lower
lobe, p = 0.001 and middle vs right lower lobe, p = 0.038;
station 4: right upper vs right lower lobe, p<0.001 and mid-
dle vs right lower lobe, p = 0.056), while tumours in the
right upper lobe showed significantly less involvement of
stations 7 and 8 compared with right lower lobe tumours
(station 7 p <0.001, station 8 p = 0.004). Left sided tu-
mours in the upper lobe had significantly more involve-
ment of station 5 compared to lower lobe tumours (p =
0.009). However, atypical lymphatic nodal zone involve-
ment did not emerge as a significant predictor of survival.
Lymphovascular invasion was the only independent prog-
nostic factor for 5-year overall survival (hazard ratio [HR]
2.10, p = 0.015) and recurrence-free survival (HR 1.68, p
= 0.049) when controlled for adjuvant therapy.

CONCLUSION: Lymphovascular invasion was identified
as the only independent prognostic factor for 5-year over-
all survival and recurrence-free survival in our pathologi-
cally proven N2 NSCLC cohort when controlled for adju-
vant therapy. This study extends the current evidence of
an adverse prognostic effect of lymphovascular invasion
on a stage III population, confirms the adverse prognostic
effect of lymphovascular invasion detected by immunohis-
tochemistry, and thereby reveals another subgroup within

the pN2 population with worse prognosis regarding 5-year
overall survival and recurrence-free survival.

Keywords: NSCLC, lymphovascular invasion, patholog-
ically proven N2, recurrence free survival, five-year sur-
vival, lymphatic spread

Introduction

Involvement of mediastinal lymph nodes is the most sig-
nificant prognostic factor in patients with non-small cell
lung cancer (NSCLC) [1, 2].

Nevertheless, the N2 cohort – as defined in the 8th edition
of the tumour, node and metastasis (TNM) classification
for lung cancer by the International Association for the
Study of Lung Cancer (IASLC) – consists of a highly het-
erogeneous group, ranging from ipsilateral single node in-
volvement to bulky, multilevel mediastinal lymph node
stations [3].

A stratification of N2 patients into prognostic subgroups
has yet to be developed and validated.

Technical changes and extension of the lymphadenectomy
have been studied for years, producing inconsistent results
and mostly involving inhomogeneous lymphatic spread
(pN0–pN2) [1, 4–6].

Studies analysing only the pN2 population have focused
on the extent of nodal spreading, as well as on typical
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and atypical nodal spread according to the anatomical tu-
mour location. The resulting implications for patient sur-
vival were inconsistent among various retrospective analy-
ses [4, 7–9].

The broad spectrum of factors that were found to influence
survival of the pN2 NSCLC cohort implies that further
characterisation of this heterogeneous subgroup warrants
important information, information that might accelerate
the construction of future stratification schemes.

Accordingly, we examined our NSCLC pN2 cohort under-
going anatomical lung resection and lymphadenectomy be-
tween 2001 and 2010. We aimed to (i) analyse both the
nodal spread according to tumour location and the possible
implications of an unusual spreading pattern on survival,
(ii) thoroughly characterise our pN2 cohort with special at-
tention to preoperative staging and false negative results,
postoperative complications, and (iii) identify factors in-
fluencing postoperative survival after anatomical lung re-
section.

Materials and methods

Patient selection
In this retrospective observational study, clinical data was
collected on 124 consecutive NSCLC patients with a
pathological N2 (stage IIIA or B) [3] undergoing anatom-
ical lung resection at our institution between 2001 and
2010. The pathologically proven N2 (pN2) cohort account-
ed for 16% of all our NSCLC patients undergoing anatom-
ical lung resection within the study period.

Data were collected from a chart review of the electronic
patient database. Detailed information about lymphadenec-
tomy was gathered from the operative and pathology re-
ports along with other procedural and histological details.

The local research ethics review committee approved the
study (KEK-ZH-No. 2016.01712).

Endpoints
We assessed, in a descriptive manner, baseline demograph-
ics, lymph node involvement according to anatomical loca-
tion of the tumour, histological details (Elastica van Gieson
staining for vascular invasion and immunohistochemical
staining with anti-D2-40 antibody to detect lymphovas-
cular invasion (LVI)), procedural details and preoperative
staging.

In addition, factors influencing 5-year overall survival and
recurrence-free survival were analysed.

Lymphadenectomy and staging details
The lymph node stations were grouped into zones accord-
ing to the IASLC nodal chart, and these zones were used
to calculate the positive-to-sampled lymph node ratios (sta-
tion 1–4 = upper zone; stations 5 and 6 = aortopulmonary
zone; station 7 = subcarinal zone; stations 8 and 9 = lower
zone; stations 10 and 11 = hilar/interlobar zone; stations
12–14 = peripheral zone; see table S1 in appendix 1) [10].

The lymphadenectomy that has been standard at our in-
stitution since 1999 was published as official recommen-
dations by the European Society of Thoracic Surgeons
in 2006, and consists of the resection of at least three
N1 nodes, as well as three N2 nodes from three different

mediastinal stations, including the subcarinal station [2].
For a right-sided tumour, the minimum acceptable lym-
phadenectomy consists of the extraction of stations 2 and
4, and the subcarinal (station 7) region; for left-sided tu-
mours, the aortopulmonary (stations 5 and 6) and the sub-
carinal station should always be sampled. See appendix 1
for details regarding incomplete lymphadenectomy.

For this report we applied the 8th edition of the Interna-
tional Association for the Study of Lung Cancer (IASLC)
TNM staging guidelines [3].

Preoperative tumour staging consisted of computed to-
mography (CT) and/or positron emission tomography
(PET-CT; available at our institution from 2001), brain
magnetic resonance imaging (MRI), or PET/MRI where
there was clinical suspicion or tumour of stage II or greater.

Every patient underwent bronchoscopy; depending on tu-
mour location, this process has included an endobronchial
ultrasound guided fine needle aspiration (EBUS FNA)
since 2003. For patients with PET positive mediastinal
lymph node stations, either mediastinoscopy or EBUS was
used for nodal staging.

All cases of malignant thoracic disease are reviewed on a
multidisciplinary tumour board with representatives from
thoracic surgery, pulmonology, pathology, radio-oncology
and oncology present. The decision for a surgical resection
is based on preliminary staging results in concordance with
current guidelines and represents the consensus of the in-
stitutional tumour board.

Statistical analysis
Descriptive statistics were used to summarise patients’
characteristics. Continuous variables were reported as
mean and standard deviation (SD) or median and in-
terquartile range and were compared between the two
groups using two-sample independent t-tests or the Mann-
Whitney U-test (non-normal data). Categorical variables
were summarised as frequencies (%) and compared using
Pearson’s chi-squared test or Fisher’s exact test where ap-
plicable.

After completion of the descriptive statistics, an additional
variable was created for atypical lymphatic spreading pat-
terns – according to our findings and adapted from Sun et
al. [8] – and included in the analysis as ‘beyond lobe spe-
cific lymphatic nodal zone involvement

Kaplan-Meier analysis was used to compare postoperative
5-year overall survival and recurrence-free survival.

Predictors of 5-year overall survival and recurrence-free
survival were determined using Cox proportional hazards
regression analysis. The variables included for univariate
analysis in the Cox proportional Hazards model were a pri-
ori determined after literature review [4, 8, 9, 11, 12] and
based on clinical parameters:

Age at surgery

Histological subtype (adenocarcinoma vs squamous vs
others)

Anatomical location (lung lobe and side)

Skip N2 (pN2 but no N1 stations involved)

Single station N2
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Beyond lobe specific lymphatic nodal zone involvement
(according to analysed lymph node spread pattern, see
table S1)

Number of positive N2 zones

Ratio of positive/sampled N2 zones

Lymphovascular invasion

Intratumoural vascular invasion

Extra nodal growth

Neoadjuvant therapy

pT1–4

cN 0/1 vs 2/3

Variables with a p-value less than 0.25 in univariable
analysis were retained in the multivariable cox models.
‘Adjuvant therapy’ was forced into the multivariable mod-
els in order to control for unspecified comorbidities lead-
ing to preclusion of an adjuvant treatment (the variable was
included in the multivariable models irrespective of the p-
value in univariable analysis). The likelihood ratio test for
the global statistical significance of each model is report-
ed. All variables retained in the multivariable model had
no more than a weak correlation (Spearman correlation co-
efficient r<0.39, as suggested by Evans et al.) [13]. The
proportional hazard assumption was assessed by plotting
Schoenfeld residuals (smoothed plots). Adjusted hazard ra-
tios (HRs) are reported for each variable with 95% confi-
dence intervals (CIs).

SPSS version 24 (IBM corp., Armonk, NY) and R Studio
version 3.2.1. (RStudio, Inc., Boston, MA) were used for
data analysis. P-values <0.05 (two- tailed) were considered
statistically significant.

Results

Baseline characteristics
We excluded patients who had undergone prior anatomical
resection and lymphadenectomy for a NSCLC (not pN2; n
= 3), had an R1 resection (n = 9) or stage IV NSCLC due to
distant metastases (n = 1 adrenal gland, n = 5 brain metas-
tases), and one patient with a history of heart transplant and
consecutive immunosuppression, leaving a total of 105 pa-
tients in the analysis. Median age at time of surgery was 62
years (interquartile range 54 to 71 years), and 56% (n = 59)
of the patients were males. Neoadjuvant therapy was given
in 29 (27.6%) cases. Neoadjuvant chemotherapy consisted
of three to six cycles of a combination of cisplatin or car-
boplatin with paclitaxel, docetaxel, pemetrexed (alone or
combined with bevacizumab), or gemcitabine.

Neoadjuvant radiation therapy consisted of 22 × 2 Gy to
the region of the primary tumour; in one case, it consisted
of prophylactic cranial irradiation (total 44 Gy). See table
1 for more information about baseline characteristics.

Staging and pathological findings
Almost half the study population was clinically staged as
N0 (n = 50, 47.6%). Three patients clinically staged as cN3
prior to induction chemotherapy were downstaged in the
post-induction staging PET-CT, and underwent surgical re-
section afterwards. Of all patients undergoing EBUS (n =
85), 29.4% were falsely deemed to be cN0 (n = 25). PET-

CT had a rate of 37/90 false negative (cN0) cases, and me-
diastinoscopy deemed 10 out of 21 patients mistakenly as
cN0 (data not displayed in tables).

Median tumour diameter was 3.5 cm (interquartile range
2.2 to 4.7 cm), and the most common pathological primary
tumour stage was pT2 (n = 45, 42.9%).

Intratumoural vascular invasion was present in 33 patients
(31.4%), and LVI in 30 (28.6%). Involvement of the vis-
ceral pleura (T2) [3] was reported for 39 patients (37.1%).

One third of the study group had no N1 lymph node station
involved (skip N2; n = 32, 30.5%), and 47.6% had only
one N2 lymph node station involved (single station N2, n
= 50). The lymphadenectomy consisted of a mean of 4.1
extracted N2 stations (SD 1.3), of which 8.6 nodes (SD
6.0) were extracted. The mean ratio of positive to sampled
nodal zones was 0.6 (SD 0.27). Table 2 presents additional
data regarding preoperative staging and further histologi-
cal analyses.

Procedural and postprocedural details
As listed in table 3, lobectomy was the most common
anatomical resection, followed by pneumonectomy (63.8%

Table 1: Baseline characteristics.

Overall n = 105

Year of surgery

– 2001 4 (3.8)

– 2002 6 (5.7)

– 2003 8 (7.6)

– 2004 16 (15.2)

– 2005 20 (19.1)

– 2006 7 (6.7)

– 2007 11 (10.5)

– 2008 7 (6.7)

– 2009 16 (15.2)

– 2010 10 (9.5)

Tumour location

– Upper lobe 52 (49.5)

Right upper lobe 28 (26.7)

Left upper lobe 24 (22.9)

– Middle lobe 10 (9.5)

– Lower lobe 43 (41.0)

Right lower lobe 27 (25.7)

Left lower lobe 16 (15.2)

Right sided tumour 65 (61.9)

Neoadjuvant chemotherapy 23 (21.9)

Neoadjuvant chemoradio therapy 6 (5.7)

Non-smokers* 15 (14.3)

Active smokers 21 (20.0)

Former smokers 68 (64.8)

Pack years, median (interquartile range) 40.0 (20–55)

Preop. FEV1 (% predicted value), median (in-
terquartile range)

87.0 (74–102)

FVCex (% predicted value), median (interquartile
range)

97.0 (83–108)

Carbon monoxide diffusion (% predicted value),
median (interquartile range)†

75.0 (60–90)

EBUS = endobronchial ultrasound, preop. = preoperative, FEV1 =
forced expiratory volume in one second, FVCex = forced vital capacity.
Data are n (%) unless otherwise stated * The smoking status for one
patient remained unknown, † Data on CO diffusion were available for
only 87 patients (82.9%).
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vs 25.7%, respectively). The only re-interventions were (n
= 3) chest drains in the postoperative course.

Adjuvant therapy was administered in 60 cases (57.1%),
which consisted of chemotherapy in 40, radiation therapy

Table 2: Staging and pathological specimen.

Overall n = 105

Histology

– Adenocarcinoma 70 (66.7)

– Squamous cell carcinoma 22 (21.0)

– Others* 13 (12.4)

Regional lymph node involvement (cN)†

– cN1 16 (15.2)

– cN2 36 (34.3)

Primary tumour (pT)†

– pT1 27 (25.7)

– pT2‡ 45 (42.9)

– pT3‡ 18 (17.1)

– pT4‡ 15 (14.3)

Stage†

– IIIA 72 (68.6)

– IIIB 33 (31.4)

Data are n (%) * Large cell carcinoma or adenosquamous carcinoma
† IASLC NSCLC Staging Guidelines 8th Edition [3] ‡ 10 patients with
T2 only due to invasion of the visceral pleura, while 29 T2 patients had
tumour diameter >3 cm and showed invasion of the visceral pleura; 5
patients with T3 due to separate tumour nodules in the same lobe; and
8 patients with T4 due to invasion of the mediastinum (n = 4), infiltration
of the recurrent laryngeal nerve (n = 1), infiltration of the vena cava (n =
1) or due to separate tumour nodules in a different lobe of the ipsilateral
lung (n = 2).

Table 3: Procedural details and hospital stay.

Overall n =
105

Lobectomy 67 (63.8)

Bilobectomy 11 (10.5)

Pneumonectomy 27 (25.7)

Intrapericardial removal 11 (10.5)

Re-intervention postop. 3 (2.9)

Died within 5 years 61 (58.1)

Data are n (%)

in 15, and combined chemo-radiation in 5 patients. Adju-
vant chemotherapy consisted of three to four cycles of a
combination of cisplatin or carboplatin with gemcitabine,
vinorelbine or pemetrexed.

Adjuvant radiation therapy consisted of a total of 49–65
Gy mediastinal applied in 25 to 30 sessions.

A total of 29 patients underwent surgery only; for 19 pa-
tients, adjuvant treatment was not recommended due to
comorbidities (n = 3 other malignancies, n = 16 diabetes
mellitus with end organ damage, coronary heart disease,
kidney failure, or any other significant comorbidity). Two
patients refused the postoperative recommended therapy,
and for eight patients the reason for preclusion of adjuvant
therapy could not be clarified retrospectively.

Mediastinal lymph node involvement
Table 4 displays the involved N2 stations according to
anatomical tumour location. Lymph node stations 2 and 4
were more commonly involved in NSCLC from the right
upper and middle lobe than from the right lower lobe. (sta-
tion 2: right upper vs right lower lobe, p = 0.001 and mid-
dle vs right lower lobe, p = 0.038; station 4: right upper
vs right lower lobe, p <0.001 and middle vs right low-
er lobe, p = 0.056), whereas tumours in the right upper
lobe showed significantly less involvement of stations 7
and 8 compared with right lower lobe tumours (station 7
p <0.001, station 8 p = 0.004). Left sided tumours in the
upper lobe had significantly more involvement of station 5
compared to lower lobe tumours (p = 0.009). Involved and
sampled nodal zones are listed according to anatomical tu-
mour location in table S1 in appendix 1.

In summary, right upper lobe tumours with lower and sub-
carinal station involvement – for right lower lobe tumours
upper zone affection, and for left lower lobe tumours the
AP zone – were identified as atypical patterns. According
to this data and adapted from Sun et al. [8], the variable
‘beyond lobe specific lymphatic nodal zone involvement’
was created.

Table 4: Mediastinal lymph node involvement.

Tumour location Involved medi-
astinal lymph
node station

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7 Station 8 Station 9

Right upper lobe
n = 28

0 18 (64.3) 11 (39.3) 22 (78.6) - - 7 (25) 0 0

Middle lobe
n = 10

1 (10) 6 (60) 3 (30) 7 (70) - - 6 (60) 3 (30) 0

p-value upper vs
middle lobe

* * * * - - * ** -

Right lower lobe
n = 27

1 (3.7) 5 (18.5) 6 (22.2) 8 (29.6) 20 (74.1) 7 (25.9) 0

p-value upper vs
lower lobe

* ** * ** ** ** -

p-value middle vs
lower lobe

* ** * * * * -

Left upper lobe
n = 24

0 0 1 (4.2) 6 (25.0) 18 (75.0) 6 (25.0) 7 (29.2) 5 (20.8) 0

Left lower lobe
n = 16

0 0 1 (6.3) 3 (18.8) 5 (31.3) 2 (12.5) 9 (56.3) 2 (12.5) 2 (12.5)

p-value upper vs
lower lobe

- - * * ** * * * *

Data are n (%) unless otherwise stated, * p-value >0.05, ** p-value ≤0.05
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Survival analysis
Two outcomes of interest were defined, 5-year overall sur-
vival and recurrence-free survival, which consisted of the
time from surgery to either recurrence of the disease or
death. Figures 1A and B display 5-year overall survival
and recurrence-free survival up to 5 years after surgery.
Median follow-up time was 32.4 months (interquartile
range 14.7 to 62.7 months). Overall, 5-year overall sur-
vival of the pN2 cohort was 41.9%, and median time to re-
currence or death was 15.6 months (interquartile range 9.2
to 44.0).

The uni- and multivariate analyses for 5-year overall sur-
vival are displayed in table 5. A total of 61 patients died
within 5 years of surgery. Neoadjuvant therapy, as well as
clinical N0/1 versus clinical N2/3 status, did not emerge
as prognostic factors for 5-year overall survival within the
pN2 cohort in univariable analysis. Histological subtype,
intratumoural vascular invasion, and LVI, were included
in the multivariable model. The variable ‘age at surgery’
violated the proportional hazard (PH) assumption, so an
interaction term with time (age at surgery*time) was in-
cluded in the multivariable model. Finally, adjuvant ther-
apy was forced into the multivariable model, which ful-

filled the proportional hazard assumption. See figure S1
in appendix 1 for the smoothed Schoenfeld residual plots
of all covariates in the multivariable models for confirma-
tion of proportional hazards. LVI was the only independent
prognostic factor for 5-year overall survival (HR 2.10, CI
1.16–3.80; p = 0.015) when controlled for adjuvant thera-
py.

The uni- and multivariate Cox model for recurrence-free
survival is displayed in Table 6. There were 90 cases of
recurrence or death within the follow-up period. Skip N2,
beyond lobe-specific lymphatic nodal zone involvement,
intratumoural vascular invasion and LVI, were included
in the multivariable model. Adjuvant therapy was again
forced into the model. All variables included in the mul-
tivariable model fulfilled the proportional hazard assump-
tion (see figure S2 for the smoothed Schoenfeld residual
plots of each covariate in the multivariable model). LVI
was the only independent prognostic factor for recurrence-
free survival in our study cohort with an HR 1.68 (CI
1.00–2.80; p = 0.049) when controlled for adjuvant thera-
py.

Table 5: Uni- and multivariable Cox regression analysis of 5-year overall survival.

Univariable Multivariable

Exp(β) Lower CI Upper CI p-value Exp(β) Lower CI Upper CI p-value

Age (at surgery) 1.01 0.99 1.04 0.23

Age*time (interaction term) 0.99 0.98 0.99 <0.001 1.01 1.00 1.02 0.21

Histological subtype 0.24 0.57

– Adenocarcinoma Ref – – – Ref – – –

– Squamous carcinoma 1.38 0.76 2.50 0.29 1.30 0.68 2.49 0.44

– Other 0.63 0.27 1.49 0.30 0.65 0.26 1.60 0.35

Anatomical location (lung lobe and
side)

0.35

– RUL Ref – –

– ML 0.88 0.32 2.43 0.81

– RLL 1.28 0.65 2.52 0.47

– LUL 0.86 0.39 1.87 0.70

– LLL 1.93 0.88 4.20 0.10

Skip N2 (pN2 but no N1 stations
involved)

0.80 0.46 1.39 0.43

Single station N2 1.16 0.70 1.92 0.55

Beyond lobe N2 (according to
analysed lymph node spread pat-
tern, see table S1)

0.72 0.40 1.31 0.26

No. of positive N2 zones 0.61

– 1 Ref – – –

– 2 1.01 0.57 1.79 0.98

– 3 0.64 0.20 2.07 0.46

Ratio of positive to sampled N2
zones

1.55 0.50 4.87 0.45

Lymphovascular invasion 2.03 1.21 3.43 0.010 2.10 1.16 3.80 0.015

Intratumoural vascular invasion 1.69 1.01 2.85 0.053 1.23 0.66 2.28 0.52

Extranodal growth 0.94 0.51 1.87 0.93

Neoadjuvant therapy 1.18 0.68 2.05 0.56

Adjuvant therapy* 0.80 0.48 1.32 0.38 1.24 0.43 1.52 0.51

pT1–4 0.62

– 1 Ref – –

– 2 0.70 0.38 1.30 0.25

– 3 0.75 0.35 1.63 0.47

– 4 1.02 0.47 2.21 0.96

cN 0/1 vs 2/3 1.14 0.133 1.96 0.34

CI = confidence interval; LLL = left lower lobe; LUL = left upper lobe; ML = middle lobe; RLL = right lower lobe; RUL = right upper lobe * Adjuvant therapy was forced into the
multivariable model. Likelihood ratio test = 13.58 on 6 df, p = 0.03464
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Discussion

With regard to the importance of lymphatic spread for the
prognosis of NSCLC patients, lymphadenectomy and its
impact on survival have been widely studied [14, 15], in-
cluding nodal spread according to tumour location [5, 7,
16] and possible implications of an unusual spreading pat-
tern on survival [7, 8], as well as the selection of cases
where only partial lymphadenectomy might be acceptable
[14, 15]. The 8th edition of the TNM classification rec-
ommends collecting further data, including the number of
involved lymphatic stations or nodes [17]. This should
permit further evaluation of subgroups within the pN2 pop-
ulation (skip N2, single station N2 and multiple station N2,
as well as subdivision of N1 into single N1 and multiple
station N1).

Baseline characteristics in our cohort confirmed known
patterns within the pN2 NSCLC population, with right up-
per lobe as most common location [15, 16], and a propen-
sity for metastases in the superior mediastinal zone.

Five-year overall survival rate was excellent: 41.9%, com-
pared to 20.8% in the cohort from Sun et al. (all patients
R0 resection, median survival time 31 months) [8], 29.9%
reported by Kawasaki et al. [9], and 23% in the study pop-

ulation from Andre et al. [12]. The latter two studies did
not exclude R1 or R2 resections; the study population from
Andre et al. consisted of 23% incomplete resections, and
the data collected was from 1989–1996. Yoo et al. reported
a comparable 5-year overall survival rate of 37.7%, with
a study period from 1997–2004 and inclusion of R0 re-
section only [4]. The reported 5-year overall survival rate
was 36% for pN2 patients in the study population used by
Asamura et al. for determining the validity of the current N
descriptors in the TNM staging guidelines [17].

Our study cohort consisted of pathologically proven N2
NSCLC patients operated on at a single institution by certi-
fied thoracic surgeons, following a lymphadenectomy pro-
tocol valid for the whole department and including patients
with complete tumour resection (R0) only. Therefore, our
cohort consisted of a considerably homogenous popula-
tion. Our resulting definition of beyond lobe-specific lym-
phatic spread accords well with the findings from much
larger cohorts, like the results of Sun et al., who have pub-
lished the largest pN2 NSCLC cohort so far (654 patients)
[8].

However, as previously reported, independent predictors
of 5-year overall survival or recurrence-free survival could

Table 6: Uni-and multivariable cox regression analysis of recurrence-free survival.

Univariable Multivariable

Exp(β) Lower CI Upper CI p-value Exp(β) Lower CI Upper CI p-value

Age (at surgery) 0.99 0.98 1.01 0.52

Histological subtype 0.31

– Adenocarcinoma Ref – – –

– Squamous carcinoma 0.85 0.50 1.43 0.53

– Other 0.62 0.32 1.20 0.15

Anatomical location (lung lobe and
side)

0.52

– RUL Ref – – –

– ML 1.03 0.46 2.30 0.94

– RLL 1.30 0.74 2.27 0.36

– LUL 0.81 0.14 1.49 0.50

– LLL 1.34 0.69 2.60 0.38

Skip N2 (pN2 but no N1 stations in-
volved)

0.62 0.39 0.99 0.037 0.74 0.44 1.23 0.25

Single station N2 0.85 0.56 1.28 0.43

Beyond lobe N2 (according to
analysed lymph node spread pat-
tern, see tableS1)

1.43 0.91 2.24 0.13 1.14 0.69 1.86 0.61

No. of positive N2 zones 0.61

– 1 Ref – – –

– 2 1.28 0.79 2.06 0.32

– 3 1.15 0.52 2.52 0.73

Ratio of positive to sampled N2
zones

1.78 0.60 5.31 0.30

Lymphovascular invasion 2.08 1.32 3.29 0.003 1.68 1.00 2.80 0.049

Intratumoural vascular invasion 1.51 0.97 2.36 0.078 1.27 0.78 2.06 0.32

Extranodal growth 0.98 0.57 1.68 0.94

Neoadjuvant therapy 1.05 0.59 1.53 0.83

Adjuvant therapy* 1.16 0.76 1.76 0.50 1.06 0.68 1.64 0.79

pT1–4 0.87

– 1 Ref – – –

– 2 0.82 0.49 1.35 0.43

– 3 0.84 0.44 1.58 0.58

– 4 0.81 0.41 1.61 0.55

cN 0/1 vs 2/3 0.96 0.77 1.20 0.72

CI = confidence interval; LLL = left lower lobe; LUL = left upper lobe; ML = middle lobe; RLL = right lower lobe; RUL = right upper lobe * Adjuvant therapy was forced into the
multivariable model. Likelihood ratio test = 11.99 on 5 df, p = 0.03493
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not be confirmed in our cohort: skip N2 [5], single station
N2 [4, 5, 12, 14, 15], ratio of positive to sampled N2 zones
[6] and lymph node metastasis beyond lobe-specific lym-
phatic spread did not emerge as independent prognostic
factors when controlled for adjuvant therapy. Neither did
pT stage, which correlated significantly with tumour size
(Spearman’s r = 0.605, p <0.001). Both tumour size and T
stage have previously been reported as independent predic-
tors of 5-year overall survival or recurrence-free survival
[18–20].

Previous authors did not control for correlation between
the variables in their multivariable cox model, and even the
evaluation of proportional hazards is rarely reported (see
figs S1 and S2: ‘Assessment of the proportional hazard
assumption by plotting Schoenfeld residuals (smoothed
plots)’). We strictly adhered to current statistical reporting
guidelines and included the likelihood ratio test for each
multivariable model [21, 22].

Interestingly, neither neoadjuvant therapy nor clinical N0/
1 versus clinical N2/3 status emerged as prognostic factors
for 5-year overall survival or recurrence-free survival with-
in the pN2 cohort in univariable analyses; also, 37/90 pN2
patients undergoing a staging PET-CT scan were interpret-
ed as cN0. These results have to be interpreted with cau-
tion. Of all patients with clinical N2 – or even N3 – sta-
tus, we only included the ones who remained pN2 after
induction treatment. The pN2 cohort consists of cN0 pa-
tients who were not expected to have positive lymph nodes
according to preoperative staging, as well as cN3 patients
who were downstaged after induction treatment and re-
mained pN2 in the pathological workup. Patients with cN2
or cN3, and those with tumour regression after induction
therapy to pN1 or pN0, were not included in the present

Figure 1: Kaplan Meier curves. A: Overall 5-year survival. B: Re-
currence-free survival.

study. Therefore, no conclusion regarding the general in-
fluence of neoadjuvant treatment can drawn, and no com-
parisons with regard to the number of correctly staged pa-
tients with PET-CT should be made from the presented
data.

LVI emerged as the only independent predictor for 5-year
overall survival and recurrence-free survival when con-
trolled for adjuvant therapy in our cohort. Matsumura et
al. examined a cohort of over 1000 patients for lymphatic
permeation after resection of a NSCLC, and reported an
incidence of 12% intratumoural, and 9% extratumoural,
lymphatic permeation. However, except for patients who
underwent neoadjuvant treatment, all tumour stages were
included in this cohort. The authors concluded that lym-
phatic permeation should be evaluated after resection of a
NSCLC due to its adverse prognostic impact [23].

In a meta-analysis of the effect of LVI, Wang et al. reported
an overall incidence of 32.1% in the tumour samples from
the 53 included studies examining over 18,000 patients
with all stages of NSCLC. Additionally, only 6 of the
included studies analysed LVI by immunohistochemistry,
and a subanalysis of these studies could not confirm a sig-
nificantly increased risk for recurrence in the resulting LVI
population [24]. Due to the single centre setting, our study
population is considerably smaller; with regard to the lym-
phadenectomy protocol and limited time frame of data col-
lection, however, it is the most homogenous collectible
sample within the pN2 NSCLC population.

Higgins et al. reported the presence of lymphovascular
space invasion as an adverse prognostic factor of long-term
survival in a cohort of 1559 NSCLC patients [11]. LVI was
also independently associated with the presence of regional
lymph node involvement, and strongly associated with an
increased risk of developing distant metastases. The article
was further discussed by R. Rami-Porta, who outlined the
discrepancy between a general agreement on the adverse
prognostic effects of LVI [25] and the lack of clear guide-
lines for the indication of adjuvant therapy [26]. Our study
extends these results to a stage III population and confirms
the adverse prognostic effect of LVI detected by immuno-
histochemistry, thereby revealing another subgroup within
the pN2 population with worse prognosis regarding 5-year
overall survival and recurrence-free survival.

Our department will continue to refine the data on nodal
spread, lymphadenectomy, and – especially – LVI (includ-
ing the quantification of LVI), in order to further examine
this subgroup of NSCLC patients.

Limitations
Our study suffers from a small sample size, which could
inadvertently lead to a type II error regarding the influence
of some variables on survival. Any pN2 cohort from a
single institution will be relatively small. As mentioned
above, however, collecting data within a single institution
following a lymphadenectomy protocol valid for the whole
department, and limiting the time frame of this collection,
makes our sample considerably homogenous for a pN2
NSCLC cohort. As previously posited, this might limit
generalisability to other pN2 cohorts, potentially explain-
ing why some of the previously reported variables that
characterised subgroups within the pN2 population did not
emerge as independent predictors in our cohort. The sur-
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vival analyses were meticulously documented, however,
and fitted very cautiously with a priori determination of the
tested variables, and the likelihood ratio test of each model
was reported.

Conclusion

Lymphovascular invasion was identified as an independent
prognostic factor for 5-year overall survival and recur-
rence-free survival when controlled for effects of adjuvant
therapy in our pathologically proven N2 NSCLC cohort.
However, previously reported variables characterising sub-
groups within the pN2 population – such as lymph node ra-
tio or number of involved nodal zones – did not emerge as
independent predictors, which suggests our results are lim-
ited in their generalisability.
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Appendix 1

Details regarding incomplete lymphadenectomies
Sampling of station 7 was precisely and extensively col-
lected in pathological reports and operation notes, espe-
cially if the information was missing in the pathology re-
port. In 12 cases the subcarinal station was explicitly not
sampled. The reasons were intraoperative bleeding and ex-
tensive adhesions (n = 6) due to tissue changes after induc-
tion chemotherapy, in 4 cases subcarinal tissue was sent to
pathology but no lymphatic tissue was reported (only fat

tissue), and in 2 cases sampling was discontinued due to
unexpected diffuse bleeding during lymphadenectomy and
already proven multilevel N2. In 4 cases of a right-sided
tumour, the upper zone was not sampled for unknown rea-
sons and in 4 cases with a left-sided tumour the aortopul-
monary zone was not sampled. In cases where the oper-
ation notes stated extraction of stations 2 and 4 but the
pathology report only mentioned station 4, station 2 was al-
so considered sampled as the stations are usually extracted
as one package (n = 3). The same was assumed for stations
5 and 6 (n = 2 cases).
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Table S1: Involved and sampled nodal zones.

n (%) Upper zone Aortopulmonary zone Subcarinal zone Lower zone Hilar/interlobar zone Peripheral zone

+ Sampled + Sampled + Sampled + Sampled + Sampled + Sampled

Right up-
per lobe
n = 28
(26.7)

26 (92.9) 28 (100) – – 7 (25.0) 23 (82.1) 0 10 (35.7) 9 (32.1) 23 (82.1) 11 (39.3) 20 (71.4)

Middle
lobe
n = 10

8 (80.0) 9 (90.0) – – 6 (60.0) 9 (90.0) 3 (30.0) 6 (60.0) 2 (20.0) 8 (80.0) 2 (20.0) 7 (70.0)

p-value up-
per vs mid-
dle lobe

0.279 0.263 – – 0.062 1.00 0.014 0.267 0.690 1.00 0.441 1.00

Right lower
lobe
n = 27

11 (40.7) 23 (85.2) – – 20 (74.1) 25 (92.6) 7 (25.9) 15 (55.6) 16 (59.3) 22 (81.5) 11 (40.7) 20 (74.1)

p-value up-
per vs low-
er lobe

<0.001 0.051 – – <0.001 0.422 0.004 0.180 0.060 1.00 1.00 1.00

p-value
middle vs
lower lobe

0.062 1.00 – – 0.442 1.00 1.00 1.00 0.062 1.00 0.440 1.00

Left upper
lobe
n = 24

6 (25.0) 11 (45.8) 18 (75.0) 22 (91.7) 7 (29.2) 21 (87.5) 5 (20.8) 17 (70.8) 3 (12.5) 19 (79.2) 9 (37.5) 20 (83.3)

Left lower
lobe
n = 16

4 (25.0) 6 (37.5) 5 (31.3) 14 (87.5) 9 (56.3) 16 (100) 4 (25.0) 12 (75.0) 1 (6.3) 13 (81.3) 7 (43.8) 12 (75.0)

p-value up-
per vs low-
er lobe

1.00 0.747 0.009 1.00 0.110 0.262 1.00 1.00 0.572 1.00 0.750 0.690

+ = lymph node station with positive nodes in pathological examination
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Supplementary figure 1

Smoothed Schoenfeld residual plots of all covariates in the
multivariable model for 5-year overall survival as confir-
mation of proportional hazards. The circles represent the
Schoenfeld residuals, the solid line represents a smoothing
spline fit to the plot with the dashed lines representing a ±
2-standard-error band around the fit. Systematic deviations
over time, as indicator of non-proportional hazards, are not
found.

Figure S1A: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “age”.

Figure S1B: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “histology”.

Figure S1C: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “lymphovas-
cular invasion”.

Figure S1D: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “intratumour-
al vascular invasion”.

Figure S1E: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “adjuvant
therapy”.
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Supplementary figure 2

Smoothed Schoenfeld residual plots of all covariates in the
multivariable model for recurrence-free survival as confir-
mation of proportional hazards. The circles represent the
Schoenfeld residuals, the solid line represents a smoothing
spline fit to the plot with the dashed lines representing a ±
2-standard-error band around the fit. Systematic deviations
over time, as indicator of non-proportional hazards, are not
found.

Figure S2A: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “skip N2”.

Figure S2B: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “beyond lobe
N2”.

Figure S2C: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “lymphovas-
cular invasion”.

Figure S2D: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “intratumour-
al vascular invasion”.

Figure S2E: Assessment of the proportional hazard assumption
by plotting Schoenfeld residuals (smoothed plots) for “adjuvant
therapy”.

Original article Swiss Med Wkly. 2021;151:w20385

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 12 of 12


