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ABSTRACT

Background: The aim of this study was to assess the relationship between Glasgow Prognosis Score (GPS)

and survival in patients who underwent pneumonectomy due to pN2 non-small cell lung cancer (NSCLC).

Materials and Methods: A total of 45 patients who were determined to have pN2 disease after
pneumonectomy between 2007 and 2016 were retrospectively analyzed. The patients were assigned a
GPS between 0 and 2 as follows: elevated CRP level (>1.0 mg/dL) and hypoalbuminemia (<35 mg/dL)
was classified as GPS 2, elevated CRP but albumin >35 mg/dL was classified as GPS 1, and CRP <1.0
mg/dl and albumin >35 mg/dL were classified as GPS 0.

Results: Of the 45 patients included in the study, 42 (93.3%) were male and 3 (6.7%) were female. Eighteen
(40%) of the patients had adenocarcinoma and 27 (60%) had squamous cell carcinoma. Skip pN2 (pNON2)
was detected in 10 patients. Mean follow-up time was 28 months. The 5-year survival rate was 40.2%. The

main prognostic factors associated with survival were GPS and adjuvant therapy (p = 0.023,p =0.001).

Conclusions: In this study, there was no relationship between N1 status and survival in pneumonectomy
patients with pN2 NSCLC, whereas GPS score and adjuvant therapy were found to be prognostically

significant in terms of survival.
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Introduction

Lung cancers are currently the leading cause of cancer-
related deaths. Early detection of non-small cell lung
cancer (NSCLC) is crucial for the success of surgical
treatment [1]. Pathologic N2 (pN2) status is a negative
prognostic factor in NSCLC. In the literature, the 5-year
survival rate for patients with N2 disease varies from 20
to 35%. The International Association for the Study of
Lung Cancer (IASLC) argues that N2 disease must be
evaluated together with N1 lymph nodes and that N1 dis-
ease also impacts survival [2]. Another important factor
affecting cancer prognosis is inflammation [3]. Inflam-
mation-based prognostic scoring systems are used to de-
termine the prognosis of cancer patients. The Glasgow
Prognostic Score (GPS) is a scoring system that enables
the prediction of tumor behavior and patient prognosis
based on albumin and C-reactive protein (CRP) levels
[3]. There are few studies in the literature related to
GPS and survival outcomes in NSCLC. Previous stud-
ies showed that GPS was the most important prognostic
factor for survival in adenocarcinoma patients [4]. How-
ever, there are no published studies on the relationship

between GPS and survival in N2 disease.

The aim of the present study was to investigate the
factors affecting survival in pneumonectomy patients
found to have N2 disease and to evaluate the relation-
ship between GPS and survival in NSCLC.

Materials and Methods

The study was approved by the institutional review board
(N0:20189/1525) and conducted in accordance with the
principles of the Declaration of Helsinki. We retrospec-
tively evaluated the records of patients who underwent
pneumonectomy in our hospital between June 2007 and
December 2016 due to NSCLC and were determined to
have pN2 disease. A total of 3370 patients with NSCLC
underwent surgery during the study period, 395 of whom
had pneumonectomy. Patients who received neoadjuvant
therapy and those who were lost to follow-up were ex-
cluded. As a result, a total of 45 pN2 (8.8%) patients who
underwent pneumonectomy were included in the study.

The study flow chart is shown in Figure 1.
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Figure 1. Study flow chart.

Patients found to have single station pN2 were divided
into two groups:

i. Patients with single station pN2 skip metastasis
(pNON2)

ii. Patients with single pN1 and single pN2 involvement
(pN1N2)

Preoperative Assessment

All patients underwent thoracic computed tomogra-
phy (CT), positron emission tomography (PET-CT),
and cranial magnetic resonance imaging (MRI) during
preoperative assessment. Respiratory function tests and
electrocardiogram were performed to evaluate pulmo-
nary and cardiac reserve. Carbon monoxide diffusion
test and lung perfusion scintigraphy were also done for
patients with forced expiratory volume in the first sec-
ond (FEV1) less than or equal to 40% of the predicted
value. Patients with a history of cardiac disease and
those aged 60 years or older were evaluated with echo-
cardiogram by a cardiologist. In addition, all patients
were examined preoperatively by fiberoptic bronchos-
copy. Invasive mediastinal staging was performed by
EBUS or mediastinoscopy in all patients with findings
of pathological mediastinal lymph node in radiological
imaging. The IASLC 2009 lymph node map was used
for mediastinal lymph node classification [5].

GPS was determined based on serum CRP and albu-
min levels before and after surgical treatment. Patients
with both high CRP (>1.0 mg/dL) and low albumin
(<35 mg/dL) were classified as GPS 2, patients with
high CRP but albumin >35 mg/dL were classified as
GPS 1, and patients with CRP <1.0 mg/dl and albumin
>35 mg/dL were classified as GPS 0.
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Postoperative Follow-up

Early mortality was defined as deaths that occurred in
hospital or within the first postoperative month. Follow-
up information was obtained from all patients through
office visits or telephone interviews either with the pa-
tient, a relative, or their primary physicians. The pa-
tients were followed up by oncologists with thoracic CT
and physical examination every 3 months for the first 2
years, every 6 months between 2 and 5 years, and once
a year thereafter.

Statistical Analysis

The differences in proportions between groups were
compared by using Chi-Square test. Difference between
two groups for continuous variables was evaluated by
Student’s test. Mann-Whitney U test was used to test
the difference between two groups in terms of ordinal
or non-normally distributed continuous variables. Sur-
vival analysis was conducted using the Kaplan—-Meier
method and curves were compared using the log-rank
test. The level of statistical significance was accepted as
p < 0.05 for all analyses.

Results

Of the 45 patients included in the study, 42 (93.3%) were
male, 3 (6.7%) were female, and the mean age was 59.4 +
7.14 years (47-84 years). The patients had a mean smok-
ing history of 35.9 + 17.8 pack-years. Preoperative CRP
and albumin levels were 35.07 + 44.3 mg/dL and 3.92 +
0.52 g/dL, respectively. Thirteen patients (28.9%) under-
went right-side resection and 32 patients (71.1%) under-
went left-side resection. The mean tumor diameter was
5.55 £3.21 cm and the mean bronchial resection margin
was 2.55 + 1.98 cm. Eighteen patients (40%) had adeno-
carcinoma and 27 (60%) had squamous cell carcinoma.
Twenty-seven patients (60%) had stage 3A disease and
18 (40%) were stage 3B. The mean number of resected
lymph nodes was 19.4 + 8.26 (8-47). Skip pN2 (pNON2)
was detected in 10 patients. Tumor diameter was signifi-
cantly larger in patients with GPS 1-2 compared to those
with GPS 0 (p = 0.009). There were no statistical differ-
ences in GPS according to demographic and histopatho-
logical characteristics of the patients (Table 1).

GPS 0 GPS 1-2
() (%) () (%)

Variables p-value

Age (years) 57.9+6.18 60.5+7.6 0.390

Smoking (pack-years) 32.6x£19.3 38.2+16.7 0.237

FEV1 (L) 2.24+0.52 2.26+0.55 0.826

Standard 15 833 22 81.5

Extended 3 16.7 5 18.5 0.874

Resection

Stage 3A 15 83.3 12 44 4

AdenoCa 9 50 9 33.3

Histopathology SqCC 9 50 13 66.7 0.264
. No 1 5.6 7 28
Adjuvant treatment Yes 17 94.4 18 7 0.111



Aker et al
pN2 Pneumonectomy

Variables (%)

2-Year Survival 5-Year Survival Median Survival

(%) (Months) 95% CI p value

AdenoCa 55.6

Histopathology SaCC 593
q .

34.7 28 9-46
433 32

. . pNON2 60
Single station pN2

pNIN2 542

36 31
443 28 0-64

0 76.5
46.4

GPS

Adjuvant treatment
Yes 743

62.6 62
27.1 11 0-26

Two patients died within the first postoperative
month. No statistically significant association was de-
tected between GPS and early mortality (p = 0.509).
Eight patients (17.8%) did not receive adjuvant therapy
postoperatively due to unstable general condition or re-
fusal of medical treatment.

Mean follow-up time was 28 + 24.76 months. The
5-year survival rate was 40.2% (median 32 months).
The main prognostic factors associated with survival
were found to be GPS and adjuvant therapy (p = 0.023,
p = 0.001). Prognostic factors associated with survival
are shown in Table 2 (Figure 2).
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Figure 2. (A) Kaplan—-Meier survival curves for overall survival,

(B) according to GPS value, (C) Cancer stage, (D) pN2 status.
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Discussion

Inflammation in the tumor microenvironment is thought
to significantly impact tumor proliferation, angiogen-
esis, invasion, metastasis, and survival in NSCLC. Sys-
temic inflammatory markers are used to predict progno-
sis [6]. CRP is a nonspecific inflammatory acute phase
protein, and elevated serum CRP levels are observed to
adversely affect prognosis [7]. Chronic inflammation
may lead to DNA damage, increased cell proliferation,
and the development of cancer [8]. CRP is secreted by
hepatocytes and is a marker of local inflammation [9].
Albumin is an indicator of nutritional status in cancer
patients, and malnutrition has been associated with low
survival [10]. In recent years, the GPS has been used to
predict cancer behavior and prognosis in patients with
colorectal carcinoma in particular. While there are pub-
lications before 2015 on the correlation between GPS
and pancreatic cancer, hepatocellular carcinoma, trau-
ma, and intensive care unit admission, the number of
publications on GPS in NSCLC are limited [4,11,12].

In our study, we found that low GPS was among the
factors associated with longer survival in pN2 patients
who underwent pneumonectomy. The 5-year survival
rate was 62.6% for GPS 0 patients versus 27.1% for pa-
tients with GPS 1-2 (p = 0.023). In their study on 272
patients with colorectal carcinoma, Nozoe et al. found
that survival was significantly worse in GPS 1 patients
compared to GPS 0 patients (p = 0.009) and in GPS
2 patients compared to GPS 1 patients (p < 0.0001).
Similarly, survival was significantly worse in modified
Glasgow Prognostic Score (mGPS) 1 patients compared
to mGPS 0 patients (p = 0.009) and in mGPS 2 patients
compared to mGPS 1 patients (p = 0.006) [13]. In a me-
ta-analysis by Jin et al. [12] evaluating 5369 NSCLC pa-
tients treated with surgery and/or chemotherapy, it was
found that elevated CRP levels were associated with
shorter survival time (HR = 2.058; 95% CI: 1.51-2.80;
p < 0.05). In the same study, survival rate was lower
with GPS = 1 compared to GPS 0 (p < 0.001). Minami
et al. [14] reported that mGPS was not associated with
survival in stage 3B and 4 squamous cell carcinoma pa-
tients who received first-line cytotoxic chemotherapy
after curative surgery or radiotherapy (p = 0.61).

National Comprehensive Cancer Network (NCCN)

guidelines recommend adjuvant chemotherapy for pa-
tients determined to have N1 and N2 disease following
NSCLC surgery [15]. In their study of patients who re-
ceived adjuvant therapy after curative resection, Park et
al. [16] reported longer disease-free survival after full-
dose chemotherapy. In the literature, it can be seen that
survival rates are significantly lower among patients
who do not receive adjuvant therapy. Speggiari et al.
[17] found that the 5-year survival rate in potential N2
patients who received chemotherapy after surgery was
18%, while the survival rate in patients who received
chemotherapy alone or chemoradiotherapy alone was
8% (p=0.02). In our study, postoperative adjuvant ther-
apy was associated with higher survival rate after pneu-
monectomy in pN2 patients when compared with pa-
tients who did not receive adjuvant therapy (p < 0.001).

Skip N2 is observed in 17.2-42.3% of pN2 NSCLC
patients [18]. There is still no clear consensus on wheth-
er skip N2 has a better prognosis than non-skip N2
[19,20]. This is primarily due to the heterogeneity of
pN2 disease. In our study, patients with pNON2 disease
had better 5-year survival than patients with pN1N2. Al-
though these results are similar to those in the literature,
there have been some publications indicating otherwise
[21]. Legras et al. [22] reported a 5-year survival rate
of 25% in patients with N2 disease. Survival was worse
in pure N2 patients who were also pN1 (5-year over-
all survival rate 21% vs. 34%, HR = 2.09, p < 0.001).
Similarly, Yazgan et al. [23] also reported much better
survival in pure N2 disease compared to pN1N2.

The main limitations of this study are the small pa-
tient group and its retrospective design. Furthermore,
although it was a single-center study, the surgeries were
performed by different surgeons.

In conclusion, based on the findings of this study,
N1 status did not affect survival in N2 patients who un-
derwent pneumonectomy due to NSCLC, whereas GPS
and adjuvant therapy were significant prognostic fac-
tors. Therefore, we believe that assessment with GPS
may be beneficial for patients planned to undergo resec-

tion in order to determine postoperative prognosis.
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