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Abstract: Aim: Glasgow prognostic score (GPS) has been used to predict the prognosis of non-small cell lung cancer
(NSCLC) patients; however, limited data is available on advanced NSCLC patients of China. In this study, our aim was
to evaluate the prognostic role of GPS in advanced NSCLC patients of China, receiving platinum-based first-line che-
motherapy. Methods: Two hundred and seven advanced NSCLC patients of Chinese origin were prospectively and
consecutively hospitalized between March 2011 and September 2014. They received platinum-based first-line che-
motherapy. The main outcome measures included overall survival (OS) and progression-free survival (PFS). Results:
The duration of median follow-up was 14.0 mo (range, 3.4-49.5 mo). The median OS of patients with GPS 2, 1, and
0 was 14.3 mo (8.5-20.2 mo), 15.9 mo (13.6-18.2 mo) and 19.1 mo (16.6-21.6 mo), respectively. The median PFS
of patients with GPS 2, 1 and 0 was 8.3 mo (6.9-9.7 mo), 8.9 mo (8.0-9.7 mo) and 10.5 mo (8.8-12.1 mo), respec-
tively. The results of univariate analysis indicated that GPS 2 is associated with a significantly shorter PFS (P=0.015)
but not 0OS (P>0.05), while the results of multivariate analysis indicated that GPS 2 is associated with significantly
shorter OS (P=0.049) and PFS (P=0.021). Conclusions: GPS 2 is an independent prognostic factor for poor OS and
PFS in advanced NSCLC patients of China; these patients received platinum-based first-line chemotherapy.

Keywords: Non-small cell lung cancer, glasgow prognostic score, prognosis, overall survival, progression-free sur-
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Introduction LC have poor chances of survival if their dis-
ease was diagnosed at an advanced stage [6].

Lung cancer is the most common cause of can-
cer-associated death worldwide, because 1.18
million people die of lung cancer every year [1].
Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer, with 85% of all
lung cancer cases being those of NSCLC [2].
Although molecular targeted therapy is a newly-
emerging treatment modality that may prolong
survival period of NSCLC patients’, very few
patients have access to this advanced mode of
treatment [3-5]. In conventional terms, a dou-
ble-agent chemotherapy regimen, which is plat-
inum-based, has been accepted as the first-line

Multiple clinicopathological variables, such as
nutritional status, performance status, and sys-
temic inflammatory response, have been found
to significantly improve the chances of survival
of patients with lung cancer. Glasgow prognos-
tic score (GPS) is a system predicting the chanc-
es of survival of cancer patients. Forrest et al.
first proposed GPS as a predictive system to
determine survival chances of cancer patients
[7]. This technique has also been successfully
tested on NSCLC patients [8-12]. Tomita et al.
[8] have reported that a higher GPS is associ-
ated with a poor prognosis of operable NSCLC

pharmacotherapeutic modality for NSCLC. How-
ever, even after having received standard plati-
num-based chemotherapy, patients with NSC-

patients. Forrest et al. [9, 10] have proved that
GPS is an independent prognostic factor in
patients with advanced stages of NSCLC.
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Very few studies have elucidated the prognos-
tic role of GPS in advanced NSCLC patients of
China [11]. Moreover, previous studies are
characterized by a probable bias in that a non-
standardized second-line therapy was used on
NSCLC patients. Such a therapy predominantly
involved the use of epidermal growth factor
receptor (EGFR) and tyrosine kinase inhibitors
(TKI), a major confounding factor. The primary
objective of this study was to evaluate the prog-
nostic role of GPS in advanced NSCLC patients
of China. In our study, we also investigated the
use of other confounding factors, TKI.

Materials and methods
Patients

The study protocol was approved at the
Institutional Review Board of Cancer Center,
First Affiliated Hospital, Jilin University, Chang-
chun, Jilin, China. The study protocol was in
accordance with the latest version of the
Declaration of Helsinki. Between March 2011
and September 2014, 207 NSCLC patients
were prospectively hospitalized at the Cancer
Medicine Center, Cancer Center, First Affiliated
Hospital, lJilin University, Changchun, lJilin,
China. The inclusion criteria of patients were as
follows: patients had to be at least 18 years
old; they had been diagnosed with primary
NSCLC through pathological or cytological anal-
ysis; the NSCLC progression was confirmed to
be of stage clllb or clV [13] as the performance
status was either O or 1 according to the
Eastern Cooperative Oncology Group (ECOG);
the patients were scheduled to receive 4-6
cycles of double-agent first-line chemotherapy,
which was platinum-based. The exclusion crite-
ria were as follows: patients had developed a
metastatic lung cancer, so they had concomi-
tant malignancies; the lung cancer was a
resectable disease (stage cl, cll and cllla); the
patients received TKI as the first-line therapy;
they might have had a complicated, pre-exist-
ing active infection or a chronic inflammatory
disorder. All the patients signed a written
informed consent letter before participating in
this study.

Adjuvant therapy and follow-up protocols

Standard 4-6 cycles of double-agent chemo-
therapy, which was platinum-based, was pro-
vided as the first-line pharmacotherapy to
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included patients [14]. Treatment responses of
subjects were evaluated using the Response
Evaluation Criteria in Solid Tumors [15]. A radi-
cal and palliative radiation therapy was admin-
istered to non-metastatic and symptomatic
metastasis patients, respectively. A second-
line chemotherapy or TKI was administered to
patients in whom the progression of the dis-
ease was confirmed. At the outpatient depart-
ment, all the patients were followed up by an
independent research staff every three months
within the first year after the last cycle of che-
motherapy. Thereafter, these patients were fol-
lowed up every 6 months at the outpatient
department. The overall survival (0OS) was
defined as the time interval between the time
of diagnosis and that of documented death
associated with any cause. The progression-
free survival (PFS) was defined as the time
interval between the time of diagnosis and that
of documented disease progression or death
due to any cause.

GPS evaluation

Venous blood samples were collected from
included patients after they were admitted at
our hospital without treatment. Using these
samples, we measured serum C-reactive pro-
tein (CRP) and albumin. Furthermore, GPS was
determined by a previously reported procedure
[16]: GPS was assigned as 2 when the elevated
CRP was >10 mg/L, while the patient had also
developed hypoalbuminemia (<35 g/L); GPS
was assigned as 1 when the patient developed
either elevated CRP or hypoalbuminemia; GPS
was assigned as 0 when the patient had nor-
mal serum levels of CRP (<10 mg/L) and albu-
min (=35 g/L).

Statistical analysis

The statistical software package SPSS version
19.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. The Kaplan-Meier method
was used to estimate OS and PFS, which were
subsequently analyzed using the log-rank test.
Cox multivariate analysis was coupled with the
backward and forward stepwise method. Thus,
we determined potential prognostic factors and
selected covariates. Using the Cox model, the
proportional hazards assumption was asse-
ssed. For this purpose, we plotted Schoenfeld
residuals against time; the hazard rate (HR)
was expressed in terms of 95% confidence
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Table 1. Clinicopathologic characteristics of advanced NSCLC pa- clinical staging, firstline
tients treated with platinum-based first-line chemotherapy (n=207) chemotherapy  regimen,
Characteristis GPS O GPS 1 GPS 2 p. and rescue therapy regi-
(n=49)  (n=111)  (n=47) value mens (all P-values >
Sex, n (%) 0497  0.09)
Male 31(215) 78(54.2) 35 (24.3) In this study, 134 (64.5%)
Female 18 (28.6) 33(52.4) 12(19.0) patients died of NSCLC,
Age, n (%) 0.798 and the median 0S of
<60 years 31(24.6) 65(51.6) 30(23.8) advanced NSCLC patients
>60 years 18 (22.2) 46 (56.8) 17 (21.0) with GPS values of 2, 1,
Smoker, n (%) 0.513 and O (Figure 1) were 14.3
No 22(25.9) 47 (55.3) 16(18.8) mo (range, 8.5-20.2 mo),
Yes 27(22.1) 64(52.5) 31(25.4) 15.9 mo (13.6-18.2 mo),
Pathology, n (%) 0.368 19.1 mp (16.6-21.6 mo),
Squamous 11 (17.5%) 40 (63.5%) 12 (19.0%) Lisisaegzz’:';'ngl‘;irse?:(';ia‘f
Adenocarcinoma 34 (26.8%) 61 (48.0%) 32 (25.2%) ed that GPS profile was
Others 4 (23.5%) 10 (58.8%) 3 (17.6%) not significantly associated
ECOG, n (%) 0.818 with OS, even after the pa-
0 6(23.1%) 13 (50.0%) 7 (26.9%) tients were treated with pla-
1 43(23.8%) 98 (54.1%) 40 (22.1%) tinum-based first-line che-
Clinical staging, n (%) 0.281 motherapy (both P-values
1A 5 (20.0) 15 (60.0)  5(20.0) >0.05); however, the resu-
B 17 (35.4) 23 (47.9) 8 (16.7) Its of multivariate analysis
IV 27(20.1) 73 (54.5) 34 (25.4) indicated a totally different
First-line chemotherapy, n (%) 0.198 s_ituatior.w: compared to pa-
G+P 37(231) 88(55.0) 35(21.9) tients with GPS of 0, the 0S
) ) ) of patients with GPS of 1
N+P 2(14.3) 10(71.4) 2 (14.3) was similar (159 [0.97,
T+P 1 (10.0) 4 (40.0) 5 (50.0) 2.60], P=0.065), while pa-
MTA+P 9(39.1) 9(39.1) 5(21.7) tients with GPS of 2 had
Rescue therapy, n (%) 0.821 a significantly shorter 0S
Other 22 (26.5%) 42 (50.6%) 19 (22.9%) (.75 [1.00, 3.06], P=
Chemotherapy 22 (22.7%) 52 (53.6%) 23 (23.7%) 0.049; Table 2).
EGFR-TKI 4 (17.4%) 15 (65.2%) 4 (17.4%)

G, gemcitabine; N, navelbine; T, taxol; MTA, pemetrexed; P, platinum.

interval (95% cCl). A two-tailed P-value that was
less than 0.05 was considered to be statisti-
cally significant.

Results

In total, 207 advanced NSCLC patients who
completely met the inclusion criteria were ana-
lyzed in this study. Thus, we investigated 144
men and 63 women; the median age of these
included subjects was 58 years (range, 35-78
years). As shown in Table 1, the clinicopatho-
logical characteristics were determined in the
GPS subgroup. The three GPS subgroups were
similar in terms of age, sex, smoking history,
NSCLC pathology, ECOG performance status,
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Disease progression occur-
redin 191 (92.3%) patients.
The median PFS of advan-
ced NSCLC patients with GPS 2, 1, and O
(Figure 2) were 8.3 mo (6.9-9.7 mo), 8.9 mo
(8.0-9.7 mo), 10.5 mo (8.8-12.1 mo), respec-
tively. Univariate and multivariate analyses indi-
cated the following results: compared to
patients with GPS 0O, patients with GPS 1 had
similar PFS (both P-values >0.05), while
patients with GPS 2 had a significantly shorter
PFS (1.73 [1.11, 2.69], P=0.015; 1.71 [1.08,
2.70], P=0.021; Table 3).

Discussion
In this experimental study, we used GPS for

investigating advanced NSCLC patients. Note
that, GPS is a prognostic system that is based
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progression of advanced GPS
is associated with poor survival
in cancer patients, including
those with advanced NSCLC.
Host inflammatory response
plays a pivotal role in the occur-
rence and progression of malig-
nant tumors [18-21]. In several

P>0.05

previous studies, researchers
have proved that an elevated
serum CRP is associated with
poor prognosis in NSCLC pa-
tients [22-25]. A high-level
serum CRP is an indicator of a
tumor-induced  inflammatory
response, which may ultimately
suppress the antitumor immu-

nity [20, 21]. Moreover, hypoal-
‘ buminemia is normally accept-

ed as a good indicator of mal-
‘ nutrition and even cachexia

[26-28]. Espinosa et al. [29]
have reported that serum albu-
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Figure 1. Cumulative OS curves by GPS subgroups.

Table 2. Univariate and multivariate analyses of GPS with OS

T T
40.00 50.00

min level is an independent
predictor of tumor recurrence
in stage | NSCLC patients, who
have received radical resec-
tion. Jin et al. [30] have report-
ed that advanced NSCLC
patients with a normal serum

Univariate Multivariate albumin level might show a bet-
GPS HR (95% CI) P-value HR (95% CI)* P-value ter treatment response to an
0 1.00 1.00 intensive regimen that primari-
1 145(0.91-2.31) 0421  1.59(0.97-2.60)  0.065 'Fy ﬂfons's"ed KOf tcéslf'at'”-
2 1.60(0.94-2.74)  0.086  1.75(1.002-3.062) 0.049 urthermore,  Arzystex-rorpa-

“Adjusted by age, sex, smoking status, pathological type, ECOG performance

status, clinical stage and first-line chemotherapy regimen.

on systemic inflammatory response and nutri-
tional status; it predicts the survival of patients
afflicted with various malignancies [7]. To the
best of our knowledge, ours is the first study to
report the how GPS was used to predict the sur-
vival of advanced NSCLC patients in China con-
sidering the effect of target therapy. These
patients had received platinum-based first-line
chemotherapy. In this study, one of the most
important findings was that GPS is an indepen-
dent prognostic factor that detects poor OS
and PFS in these patients. This finding agreed
well with the results of previous reports [9, 10,
12, 17].

Scientists have not been able to elucidate the
mechanism through which the pathogenetic
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cka et al. [31] have reported
that in gastrointestinal cancer
patients with cachexia as a
complication, the GPS level
was high. In these patients, there was an eleva-
tion in the multiple acute-phase proteins,
including interleukins 6 and 8, tumor necrosis
factor alpha, vascular epidermal growth factor,
and heparin-binding cytokines. These pro-
inflammatory cytokines synergistically contrib-
uted to metabolic wasting, facilitating disease
progression [32, 33].

The use of EGFR TKI, such as gefitinib and erlo-
tinib, has shown to improve the survival of
advanced NSCLC patients with specific EGFR
mutations [3-5]. In previous reports, one of the
major limitations was the fact that although the
prognostic role of GPS in advanced NSCLC
patients was evaluated, the potential confound-
ing effect of using TKI was not analyzed [8-12].

Int J Clin Exp Med 2016;9(8):16353-16359
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Figure 2. Cumulative PFS curves by GPS subgroups.

Table 3. Univariate and multivariate analyses of GPS with PFS

Univariate Multivariate
GPS HR (95% Cl) P-value HR (95% Cl)* P-value
0 1.00 1.00
1 1.32 (0.91-1.94) 1.108 1.15 (0.77-1.70) 0.504
2 1.73 (1.11-2.69) 0.015 1.71 (1.08-2.70) 0.021

*Adjusted by age, sex, smoking status, pathological type, ECOG performance status,
clinical stage and first-line chemotherapy regimen.

the prognostic role of GPS in
advanced NSCLC patients,
receiving platinum-based fir-
st-line chemotherapy as the
primary mode of treatment.

Conclusion

In conclusion, GPS is an
independent prognostic fac-
tor for poor OS and PFS in
advanced NSCLC patients of
China. In our study, these
patients received platinum-
based first-line chemothera-
py. Patients with GPS 1 had a
survival that was similar to
those with GPS 0, while pa-
tients with GPS 2 were at a
higher risk of disease pro-
gression and mortality. In ad-
vanced NSCLC patients, the
underlying inflammatory res-
ponse was modified. So, we
propose that optimum nutri-
tion and balanced diet can
improve the chances of sur-
vival of these patients.
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Our results indicate that advanced NSCLC
patients with GPS 2, receiving platinum-based
first-line chemotherapy, were at a higher risk of
disease progression and mortality. Moreover,
advanced NSCLC patients with GPS 1 were not
as susceptible as those with GPS O. This finding
was independent of age, sex, tumor pathology,
clinical staging, chemotherapy regimen, and
the use of TKI in rescue therapy. Our study had
some limitations. We investigated a small sam-
ple of patients, including patients with GPS of O
and 2. The patients were followed up for a rela-
tively short duration of time. A large-scale study
involving long-term follow up is being carried
out at our institute in order to further validate
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