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Abstract

Purpose: We aimed to establish a laboratory prognostic index (LPI) in advanced
non-small cell lung cancer (NSCLC) patients based on hematologic and
biochemical parameters and to analyze the predictive value of LPl on NSCLC
survival.

Patients and Methods: The study retrospectively reviewed 462 patients with
advanced NSCLC diagnosed between 2000 and 2010 in a single institution. We
developed an LPI that included serum levels of white blood cells (WBC), lactate
dehydrogenase (LDH), albumin, calcium, and alkaline phosphatase (ALP), based
on the results of a Cox regression analysis. The patients were classified into 3 LPI
groups as follows: LPI 0: normal; LPI 1: one abnormal laboratory finding; and LPI 2:
at least 2 abnormal laboratory findings.

Results: The median follow up period was 44 months; the median overall survival
(OS) and median progression-free survival (PFS) were 11 and 6 months,
respectively. A multivariate analysis revealed that the following could be used as
independent prognostic factors: an Eastern Cooperative Oncology Group
performance status score (ECOG PS) =2, a high LDH level, serum albumin <3 g/
dL, serum calcium>10.5 g/dL, number of metastases>2, presence of liver
metastases, malignant pleural effusion, or receiving chemotherapy =4 cycles. The
1-year OS rates according to LPI 0, LPI 1, and LPI 2 were 54%, 34%, and 17%
(p<<0.001), respectively and 6-month PFS rates were 44%, 27%, and 15%
(p<<0.001), respectively. The LPI was a significant predictor for OS (Hazard Ratio
(HR): 1.41; 1.05-1.88, p<0.001) and PFS (HR: 1.48; 1.14-1.93, p<<0.001).
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Conclusion: An LPI is an inexpensive, easily accessible and independent
prognostic index for advanced NSCLC and may be helpful in making individualized
treatment plans and predicting survival rates when combined with clinical
parameters.

Introduction

Lung cancer is the most common form of cancer worldwide and the leading cause
of cancer-related deaths in both men and women. The prognosis for patients with
advanced non-small-cell lung cancer has improved with recent advances in
systemic chemotherapy and targeted therapy but still remains poor, with a median
overall survival time between 4 and 15 months [1]. A substantial amount of
clinical and basic scientific research has focused on the prognostic factors for
patients with lung cancer. A systematic review of 887 articles revealed that there
were 169 different clinical and laboratory parameters (including tumor stage,
performance status, weight loss, gender, plasma lactate dehydrogenase level, and
presence of bone, liver, or skin metastases) and molecular prognostic factors that
have an effect on survival [2]. These molecular markers such as p53 and RAS
mutations and expression of EGFR, ALK, ERCCI, beta-tubulin III, and RRM1
have been found to influence treatment outcomes [3,4]. Testing these
immunologic and histological biomarkers is not only time consuming but also
their importance in standart palliative treatment is low.

New models including baseline clinical and biological factors have been
developed in recent studies to predict survival in advanced cancers. Those
predictive models include the Glasgow prognostic score (GPS) based on C-
reactive protein (CRP) and an albumin combination, the modified Glasgow
Prognostic Score (mGPS), prognostic index (PI) based on CRP and WBC, adverse
prognostic factors (AFP) including 5 parameters (leukocytes>10.000 pL,
ECOG>1, CA 125>35 U/mL, CYFRA 21-1>3.3 pg/L and presence of metas-
tases), the advanced lung cancer inflammation index (ALI) based on albumin, the
neutrophil-lymphocyte ratio, Montreal prognostic score (MPS) including clinical
parameters, and the neutrophil-lymphocyte ratio [5-10]. These models might
assist clinicians in making individualized treatment plans in daily practice and in
planning clinical trials.

We developed a laboratory prognostic index (LPI) based on laboratory
parameters that have an effect on survival by analyzing the prognostic importance
of all baseline hematological, histological, and biochemical parameters and clinical
characteristics of NSCLC patients. We aimed to investigate the predictive effect of
this prognostic model on survival.
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Materials and Methods

Patient Eligibility

This study was conducted at the Department of Medical Oncology in the
Oncology Teaching and Research Hospital, Ankara, Turkey. The Ankara
Oncology Teaching and Research Hospital Ethics Committee approved this
retrospective study in May, 2009. Patients’ records and information were
anonymized and de-identified prior to analysis. The investigation was a
retrospective and single center study. These patients were treated and received
follow-up evaluations between June, 2000 and April, 2010 in our hospital. A total
of 1,320 NSCLC patients were reviewed. The inclusion criteria were: 1) patients
were histologically or cytologically diagnosed as primary NSCLC and staged
according to the tumor-node-metastasis (TNM) criteria [11] and 2) patients were
diagnosed as stage IIIB and IV of their disease. Patients were excluded if they 1)
were SCLC or did not have a primary diagnosis of lung cancer; 2) were stage I, II
and IIIA; 3) could not provide detailed clinical data; 4) had missing laboratory
data (i.e., WBC, hemoglobin, platelet, Alkaline phosphatase, Lactate dehydro-
genase, albumin, or calcium); 5) underwent surgery; 6) had clinical evidence of
active infection or inflammation; 7) had hematological disease 8) had had a
pulmonary embolism, acute myocardial infarction, or cerebrovascular accident
within one month. After exclusion, 462 cases were found eligible for analysis.

Clinical and Laboratory Data Collection

The data included demographic information, histological classification, clinical
staging, hematological information including white blood cell (WBC) count,
hemoglobin (Hgb) level, platelet (PLT) count, and biochemical parameters such
as albumin, serum calcium level, lactate dehydrogenase (LDH), and alkaline
phosphatase (ALP) levels. The cut-off value for each biological baseline parameter
was defined as follows: anemia: a hemoglobin level of less than 11 g/dL;
leukocytosis: a white blood cell count over 10.000/puL; thrombocytosis: a platelet
count over 450.000/pL; hypoalbuminemia: a serum albumin level of less than
3.0 g/dL; alkaline phosphatase level and lactate dehydrogenase level: above normal
level, according to standard laboratory norms; and serum calcium level:
hypercalcemia >10.5 gr/dL.

The patients’ performance statuses were recorded according to the Eastern
Cooperative Oncology Group performance status scores. The sites of distant
metastases were recorded. The initial treatment modalities included chemother-
apy (CT) and palliative radiotherapy. The patients who did not receive any anti-
tumor treatment were defined as receiving the best supportive care (BSC). Data
on the type of CT regimen and number of CT cycles were collected. Therapeutic
responses were evaluated using criteria determined by the World Health
Organization [12]. A complete response was defined as an inability to detect a
disease-related lesion; a partial response (PR) was defined as the shrinking of the
lesion by at least 50%; a stable disease (SD) was defined as the shrinking of the
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lesion by less than 50% or the enlargement of the lesion by up to <25%; and a
progressive disease (PD) was defined as the enlargement of the lesion by>25% or
the formation of new lesions.

Overall survival (OS) was calculated from the diagnosis of the patient to either
the date of death from any cause or the date of the last follow-up. Progression-free
survival (PFS) was calculated as the interval between the beginning of treatment
and the progression of the disease, recurrence, or death from any cause. All
survival data were updated in August, 2011.

Statistical Analysis

The Pearson Chi-square test for frequencies and analysis of variance (ANOVA) for
means was used to compare clinicopathological and laboratory parameters among
groups. A Kaplan-Meier analysis with log-rank test was used to determine
cumulative survival curves.

The factors included in a univariate Cox proportional hazards regression model
with 95% confidence intervals (95% CI) for PES and OS were age (=65 vs.>65);
gender (male vs. female); ECOG PS (=2 vs. 0-1); histology (squamous vs.
nonsquamous including adenocarcinoma, large cell, and unspecified NSCLC
histology); weight loss (<<5% vs. =5% in the last 6 months); history of smoking
(yes vs. no); site of metastases (presence vs. absence of bone, brain, liver,
contralateral lung, adrenal gland); number of metastatic sites (no, 1-=2 vs.>2);
palliative chemotherapy (no, 1-3 cycles vs. =4 cycles); as well as laboratory
parameters such as WBC (leucocytosis vs. normal); hemoglobin level (anemia vs.
normal); PLT count (trombocytosis vs. normal); LDH (high vs. normal); albumin
(hypoalbuminemia vs. normal); ALP (high vs. normal); and calcium (hypercal-
cemia vs. normal). In order to select those factors with independent significant
influence on OS and PES, multivariate analyses were carried out in a backward
stepwise Cox’s proportional hazards model. We developed an LPI the included
serum levels of WBC, LDH, albumin, calcium and ALP based on the results of the
Cox regression analysis.

Statistical analyses were performed using SPSS 15.0 software (SPSS Inc.
Chicago, IL). All statistical assessments were two-sided and a p-value of <0.05 was
considered statistically significant.

Results

Patient Characteristics

Our study included a total of 462 advanced patients with NSCLC including 405
males and 57 females. The median age was 58 years (range: 22 to 85 years) and
76.6% of the patients were younger than 65 years. Seventy-six percent of the

patients had a history of smoking (median 45 pack/year, range: 10—-180 pack/year)
and 58.2% had non-squamous carcinoma. Forty-five percent of the patients had
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stage I1IB and 54.6% were stage IV. The most common site of metastases was the
brain (16.2%), followed by the liver (10.2%), surrenal (10.2%), and bone (8.4%).

The median and minimum-maximum number of baseline hematological and
biochemical parameters were recorded as: WBC 9.6 x 10°/uL (1.4-66.7), Hgb
12.8 g/dL (6.50-20.0), PLT 338.5 x 10%/uL (94.5-1150.0), LDH 335.5 U/L (67—
3760), ALP 140 U/L (90-2168), Calcium 9.2 mg/dL (8.0-15.7), and albumin
3.4 g/dL (1.60-4.8).

Of the patients who were treated with chemotherapy, 393 received first-line
platinum-doublet therapy and 159 received second-line palliative therapy. Due to
poor performance status or comorbidities, 14.9% of the patients received BSC
only. The most common first-line regimens were cisplatin/gemcitabine (n=154),
cisplatin/etoposide (n=111), cisplatin/vinorelbine (n=67), cisplatin/docetaxel
(n=40), and carboplatin/vinorelbine (n=20). The median number of che-
motherapy cycles was 4 (range: 2 to 7) among patients who received
chemotherapy as a first line regimen. The overall response rate was 43.5%
(including 10.8% stable disease and 32.7% partial response). One hundred eight-
one patients received radiation therapy with concurrent chemotherapy.

Survival and Prognostic Factors

The median follow-up duration was recorded as 44 months (3-134). During that
time, 438 patients (94.8%) progressed and 391 (84.6%) patients died. Median OS
was 11 months (95% CI; 9.85-12.15) and median PFS was 6 months (95% CI;
5.42-6.58). The actual 1-, 2- and 5-year OS rates were 42.4%, 19.3%, and 5.8%,
respectively. The baseline characteristics of patients and their survival rates are
shown in Table 1.

A univariate analysis revealed the following parameters were effective for PFS:
ECOG PS=2 (p=0.002), WBC=10.000 (p=0.028), high LDH level (p=0.045),
high ALP level (p=0.015), hypercalcemia (p=0.002), hemoglobin <10 gr/dL
(p=0.039), number of metastases>2 (p<<0.0001), presence of pleural effusion
(p=0.001), presence of liver metastases (p<<0.0001), presence of brain metastases
(p<0.0001) and presence of bone metastases (p<<0.0001), number of che-
motherapy cycles =4 (p<<0.0001). A multivariate analysis showed that a high level
of LDH (HR: 1.36, 1.07-1.73, p=0.011), a number of metastases>2 (HR: 1.76,
1.06-2.94, p=0.003), and a number of chemotherapy cycles =4 (HR: 0.25, 0.19—
0.32, p<0.0001) were independent prognostic factors related to PFS in advanced
NSCLC patients.

The parameters which were found by univariate analysis to have the greatest
effect on overall survival were ECOG PS=2, WBC=10.000, high LDH level, high
ALP level, hypercalcemia, albumin <3 gr/dL, number of metastases>2, presence
of pleural effusion, brain, liver, surrenal and bone metastases and number of
chemotherapy cycles =4. A multivariate analysis showed that ECOG PS=2 (HR:
1.33, 1.06-1.66, p=0.014), high LDH level (HR: 1.31, 1.00-1.70, p=0.047), serum
albumin <3 g/dL (HR: 1.28, 0.98-1.67, p=0,037), serum calcium>10.5 g/dL
(HR: 1.46, 1.09-1.96, p=0.011), metastases number>2 (HR: 2.11, 1.42-3.14,
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Table 1. Baseline Characteristics, Overall Survival and Progression-Free Survival of Patients.

Characteristics Number of Patients (%) 6-month PFS (%) 1-year OS (%)

Age at diagnosis
<65 years

= 65 years

Sex

Male

Female
Histopathology
Squamous
Non-squamous
Other

ECOG PS

ECOG <2

ECOG =2
History of smoking
No

Yes

Unknown

Weight loss
<5%

=5%

Unknown

WBC

Normal

High (=10.000/uL)
Hemoglobin
Normal

Anemia (<12 g/dI)
Platelet

Normal

High (> 450.000/uL)
LDH (U/L)
Normal

High

ALP

Normal

High

Calcium

Normal

High (>10.5 g/dl)
Albumin

Normal

Low (<3 g/dl)

Number of metastasis

0

354 (76.6)
108 (23.4)

405 (87.7)
57 (12.3)

181 (39.2)
269 (58.2)
12 (2.6)

219 (47.4)
243 (52.6)

70 (15.2)
352 (76.2)
40 (8.7)

164 (35.9)
214 (46)

84 (18.1)

253 (54.8)
209 (45.2)

307 (66.5)
155 (33.5)

346 (74.9)
116 (25.1)

196 (42.4)
266 (57.6)

383 (82.9)
79 (17.1)

397 (85.9)
65 (14.1)

371 (80.3)
91 (19.7)

210 (45.5)

25
27

26
21

26
24
25

32
19

27
24
30

27
24

26

31
18

28
20

27
21

33
19

28
1

27
10

28
16

37

0.530

0.099

<0.0001

0.128

0.859

<0.0001

0.086

0.339

<0.0001

<0.0001

<0.0001

0.002

<0.0001

32
27

30
35

29
32
24

44
19

35
30
25

28
23

24

36
23

31
30

31
28

40
23

33
19

34
9

35
14

41

0.092

0.475

0.822

<0.0001

0.504

0.064

<0.0001

0.195

0.240

<0.0001

0.001

<0.0001

<0.0001

<0.0001
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Table 1. Cont.
1- =2 218 (47.2) 17 24
>2 34 (7.4) 6 7
Liver metastasis <0.0001 <0.0001
No 416 (89.8) 25 31
Yes 46 (10.2) 4 5
Surrenal metastasis 0.027 0.008
No 416 (89.8) 23 29
Yes 46 (10.2) 14 18
Brain metastasis 0.002 <0.0001
No 388 (83.8) 24 30
Yes 74 (16.2) 12 15
Bone metastasis <0.0001 <0.0001
No 423 (91.6) 27 30
Yes 39 (8.4) 9 15
Malign pleural effusion
No 423 (91.6) 24 0.024 29 0.003
Yes 39 (8.4) 7 1
Contralateral lung 0.772 0.155
No 421 (91.1) 33 40
Yes 41 (8.9) 21 27
Chemotherapy <0.0001 <0.0001
=4 cycles 156 (33.8) 41 50
1-3 cycles 237 (51.3) 9 12
No 69 (14.9) 5 4

ECOG Eastern Cooperative Oncology Group, PS performance status, Nonsquamous histology including adenocarcinoma, large cell, and unspecified
NSCLC histology, WBC White Blood Cell count, LDH Lactate dehydrogenase, ALP Alkaline phosphatase.

doi:10.1371/journal.pone.0114471.1001
p<<0.0001), presence of metastases (HR: 1.73, 1.11-2.71, p=0.016), presence of
pleural effusion (HR: 1.98, 1.33-2.94, p=0.001), and a number of chemotherapy
cycles =4 (HR: 0.53, 0.38-0.73, p<<0.0001) were found to be related to OS as
independent prognostic factors. The significant variables for OS in univariate and
multivariate analyses are summarized in Table 2.

Laboratory Prognostic Index (LPI)

LPI was developed based on laboratory parameters (WBC, LDH, ALP, Calcium,
Albumin) that were found to have an effect on survival. Hemoglobin and platelet
levels were ignored since their levels were found to be statistically insignificant
(Piogrank=0.195 and Pj,grank=0.240, respectively). These 5 parameters were scored
as “0” if their level was in normal range and “+1” if their level was abnormal.
All laboratory parameters were normal in 20.6% of patients (n=95). In 153
patients (33.1%), only one parameter was normal; in 113 patients (24.5%), two
parameters were normal; in 78 patients (16.9%), three parameters were normal;
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Table 2. Results of univariate and multivariate Cox’s proportional hazard models regarding OS.

Characteristics Univariate Analysis Multivariate Analysis

Age (>65 vs. <65 years)
Sex (Male vs. Female)

Histology (Squamous vs. Nonsquamous)

History of smoking (Yes vs. No)
Surrenal metastasis (Yes vs. No)
Brain metastasis (Yes vs. No)
Bone metastasis (Yes vs. No)
Contralateral lung (Yes vs. No)
Hemoglobin (Low vs. Normal)
Platelets (High vs. Normal)

ALP (High vs. Normal)

WBC (High vs. Normal)

LDH (High vs. Normal)

Albumin (Low vs. Normal)
ECOG PS (<2 vs. =2)

Calcium (High vs. Normal)
Liver metastasis (Yes vs. No)
Malign pleural effusion (Yes vs. No)
Chemotherapy

No vs. 1-3 cycles

No vs. =4 cycles

Number of metastasis

Ovs. 1- =2

0 vs.>2

LPI

0vs. 1

0vs. =2

 smama) 0 wR o5t C) [ Poaive |

1.20 (0.95-1.51) 0.130 -
1.18 (0.86-1.63) 0.303 - -
1.02 (0.83-1.25) 0.850 - -
1.16 (0.87-1.55) 0.309 - -
1.33 (0.99-1.71) 0.058 - -
1.56 (1.26-1.98) <0.0001 - -
1.67 (1.38-2.01) <0.0001 - -
1.23 (0.89-1.69) 0.211 - -
1.13 (0.92-1.39) 0.260 - -
1.11 (0.88-1.39) 0.387 - -
1.51 (1.16-1.97) 0.002 - -
1.55 (1.27-1.89) <0.0001 - -
1.45 (1.18-1.77) <0.0001 1.31 (1.00-1.70) 0.047
1.81 (1.42-2.29) <0.0001 1.28 (0.98-1.67) 0.037
1.99 (1.63-2.44) <0.0001 1.33 (1.06-1.66) 0.014
2.36 (1.79-3.11) <0.0001 1.46 (1.09-1.96) 0.011
2.31 (1.77-3.00) <0.0001 1.73 (1.11-2.71) 0.016
1.66 (1.23-1.98) 0.001 1.98 (1.33-2.94) 0.001
<0.0001 <0.0001
0.48 (0.36-0.64) 0.53 (0.38-0.73)
0.14 (0.11-0.19) 0.16 (0.11-0.22)
<0.0001 <0.0001
1.59 (1.29-1.97) 1.53 (1.23-1.90)
2.73 (1.86-4.01) 2.11 (1.42-3.14)
<0.0001 <0.0001

1.49 (1.11-1.98)
2.52 (1.92-3.31)

1.41 (1.05-1.88)
1.99 (1.46-2.70)

OS overall survival, HR hazard ratio, C/ confidence interval, LP/ laboratory prognostic index, ECOG Eastern Cooperative Oncology Group, PS performance
status, WBC White Blood Cell count, LDH Lactate dehydrogenase, ALP Alkaline phosphatase.

doi:10.1371/journal.pone.0114471.t002

and in 18 patients (3.9%), four parameters were abnormal. All laboratory
parameters were abnormal in only 5 patients (1.1%).

Patients were classified into 3 LPI groups as follows: LPI 0: all laboratory
parameters (WBC, LDH, ALP, Ca, Albumin) were normal; LPI 1: one laboratory
parameter was abnormal; and LPI 2: at least two laboratory parameters were
abnormal. The number of patients in groups LP1 0, 1, and 2 were 95, 153, and 214,
respectively.

The overall survival of patients based on their LPI groups was as follows: 19
months (15.8-22.2) in patients with an LPI score of 0; 11 months (9.5-12.5) in
patients with an LPI score of 1; and 7 months (6.1-7.9) in patients with an LPI
score of 2 (Piog rank<<0.0001). The median PFS was found to be 10 months (8.5-
11.5) in patients with an LPI score of 0; 7 months (6.2-7.8) in patients with an LPI
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score of 1; and 5 months (4.3-5.7) in patients with an LPI score =2 (Pjyg 1rani<<0.0001).
The OS and PES curves of patients according to LPI are shown in Figures 1 and 2.

The demographic and clinical parameters of patients according to LPI groups
and 1-year OS rates are shown in Table 3. There were no differences in gender,
age, histopathology, and history of smoking among LPI groups. Although the
patients with a high LPI score had poorer PS, multiple metastases, and lower
chemotherapy receiving rates, the impact of LPI on survival was independent of
those variables.

The relationship between treatment arms and LPI score was found to be
statistically significant. For patients with a LPI score of 0; the median OS were 27
(17.5-36.4) and 16 (13.7-18.2) months in patients receiving chemoradiotherapy
and palliative chemotherapy, respectively (Piogranik=0.002). On the other hand, the
median OS were 9 (5.8-12.1) and 6 (5-7) months in patients with a LPI score >2
who received chemoradiotherapy and palliative chemotherapy, respectively
(Plogran]<:0-01 1)

The mortality risk was higher with an HR of 1.49 (95% CI 1.11-1.98) for
patients with one abnormal laboratory parameter and an HR of 2.52 (95% CI 1.2—
3.31) for patients with =2 abnormal laboratory parameters, compared to those
patients with normal laboratory parameters (P<<0.0001). The risk of progression
was significantly higher for patients with =2 abnormal laboratory parameters
(HR: 2.02; 95% CI 1.57-2.60) and with one abnormal laboratory finding (HR:
1.48; 95% CI 1.14-1.93), compared to patients with normal parameters

1.0

0.8

0.6 —

0.4 —

Overall Survival

0.2

0.0 p < 0.0001

T T T T T T T T

0 6 12 18 24 30 36 42 48
Time (months)

Figure 1. Overall survival of patients according to LPI.

doi:10.1371/journal.pone.0114471.9001
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1.0

0.8

0.6

0.4

Progression Free Survival

0.2

0.0 p < 0.0001

1 1 1 1 ]
0.00 6.00 12.00 18.00 24.00
Time (months)

Figure 2. Progression-free survival of patients according to LPI.

doi:10.1371/journal.pone.0114471.g002

(P<<0.0001). A multivariate Cox’s regression analysis identified that an LPI was an
independent prognostic factor for NSCLC (P<<0.0001).

Discussion

In this study, we developed a practical index based on laboratory parameters and
demonstrated its predictive effect on the survival of advanced NSCLC patients.
We analyzed 21 clinical, hematological, and biochemical factors. A laboratory
prognostic index that was established based on five laboratory parameters and
which was found to be statistically significant with a Cox regression analysis
(WBC, LDH, ALP, Calcium, and Albumin) can be used as a predictor for both OS
and PFS. A multivariate analysis revealed that the mortality and progression risks
in patients with an LPI score of 1 increases by 1.41 and 1.48 times, respectively.
NSCLC is a heterogeneous disease that can have extreme differences in
prognosis. The differences among the tumor biology and behavior may contribute
to this heterogeneity. In the last few decades, researchers developed nomogram
and survival indexes by investigating clinical factors in order to predict the
individual prognoses of NSCLC patients. The first analysis, which was completed
in the mid-1980s based on two ECOG randomized phase III studies data,
developed a mathematical description model to predict the survival of NSCLC
patients. Eight factors having a positive effect on survival were detected: PS 0,
female sex, no bone metastasis, no weight loss, no subcutaneous metastasis, non-
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Table 3. Overall Survival according to patient characteristics and LPI.

Characteristics Number of Patients (%

1-year Overall Survival (%)

(n=95)
ECOG PS <0.0001
ECOG <2 61 (64.2) 76 (49.7) 82 (38.3) 58 50 26 <0.0001
ECOG =2 34 (35.8) 77 (50.3) 132 (61.7) 47 19 22 <0.0001
No of metastasis <0.0001
0 45 (47.4) 87 (56.9) 78 (36.4) 66 40 27 <0.0001
1- =2 48 (50.5) 59 (38.6) 111 (51.9) 45 28 14 <0.0001
>2 2 (2.1) 7 (4.6) 25 (11.7) 19 4 0 0.009
Chemotherapy <0.0001
>3 cycles 67 (70.5) 84 (54.9) 86 (40.2) 63 51 39 0.003
1-3 cycles 25 (26.3) 47 (30.7) 84 (39.3) 32 15 3 <0.0001
No 3(3.2) 22 (14.4) 44 (20.6) 33 9 0 <0.0001
Age at diagnosis 0.862
<65 years 71 (74.7) 117 (76.5) 166 (77.6) 51 38 19 <0.0001
=65 years 24 (25.3) 36 (23.5) 48 (22.4) 63 22 11 <0.0001
Sex 0.446
Male 81 (85.3) 132 (86.3) 192 (89.7) 52 35 17 <0.0001
Female 14 (14.7) 21 (13.7) 22 (10.3) 63 28 21 0.011
Histopathology 0.443
Squamous 31 (33.0) 72 (48.0) 78 (37.9) 47 38 14 <0.0001
Non-squamous 63 (67.0) 78 (52.0) 128 (62.1) 57 31 20 <0.0001
Smoking history 0.978
No 15 (17.2) 24 (16.7) 31 (16.2) 59 36 21 0.018
Yes 72 (82.8) 120 (83.3) 160 (83.8) 52 35 17 <0.0001

LPI laboratory prognostic index, ECOG Eastern Cooperative Oncology Group, PS performance status.

doi:10.1371/journal.pone.0114471.t003

large cell histology, no prior symptoms of shoulder or arm pain, and no liver
metastasis [13]. The second largest analysis, published in 1991, revealed that four
pretreatment factors were positively associated with survival. These factors were
PS 0 to 1, cisplatin based therapy, female sex, and age =70 years [14]. The third
largest analysis, published in 1995, found eight factors that have a negative effect
on survival: Karnofsky PS 70, leukocytosis, skin metastasis, increased calcium
level, abnormal neutrophil count, age >60 years, and male gender [15]. In the
mid-2000s, Hoang and et al. published another study revealing six independent
prognostic factors in patients who were treated with third generation platinum
based doublets. These factors included skin metastasis, ECOG PS 1 or 2, loss of
appetite, liver metastasis, metastases =4, and no prior surgery. Hematological
parameters were not included in the study [16].

In our study, age, histology, and smoking history were found to be irrelevant in
relation to survival. Some previous studies reported that being 70 years and older
was a positive prognostic factor for NSCLC but others found no significant
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association between age and prognosis [14, 16]. On the other hand, survival in
younger patients was better in some studies [17, 18].

Survival in younger patients was better in some studies [17, 18]. Although the
incidence of NSCLC in women has increased due to more women smoking in the
last half of the 20™ century, in our population, the ratio of women patients was
12.8%. In light of recent studies, it known that there are gender differences in the
occurrence of lung cancer. Women are more susceptible to the carcinogenic
effects of cigarettes and have more adenocarcinoma and EGFR mutations [19].
Hirsh et al. reviewed 11 articles and found a relationship between histology and
prognosis. While some studies showed adenocarcinoma and nonsquamous
histologies as positive prognostic factors, the others showed squamous cell
carcinoma histology as a positive prognostic factor [20]. In our study, squamous
cell cancer was the most common histological type. This might be due to the long
follow-up period and high unspecified NSCLC rate (21.8%) of our population.
Among the LPI groups, there were no differences between age, sex, histology, and
smoking history. The effect of an LPI score on survival was independent of these
factors.

In large studies including lung cancer patients, PS was found as the most
important negative prognostic factor [13—16]. In our study, PS was also found to
be an independent prognostic factor. In patients with a poor ECOG PS, a 1-year
OS rate was higher in the LPI 0 group than in the LPI 2 group. In previous studies,
the Glasgow Prognostic Score (GPS) was found to be superior to the ECOG PS to
predict prognosis [5]; however, 3 to 6 months after diagnosis, neither the GPS nor
the ECOG PS was found to be superior, which was most likely due to the
deterioration of the ECOG PS and GPS over time [21].

Unlike the data on performance status, there is conflicting data on the impact
of weight loss on survival. In our study, we found that weight loss had no
significant effect on survival (which is consistent with some of the previously
published data), whereas some studies showed an association between poor
survival and weight loss [13-16,22].

In our study, the most common sites of metastases were the brain and liver. The
presence of liver metastases (HR: 1.73) and the presence of malignant pleural
effusion (HR: 1.98) were detected as important independent prognostic markers.
The presence of hepatic metastases was found to be associated with short survival
time in most of the studies [13, 16]. Malignant pleural effusion was evaluated as
metastatic disease and M1a in TNM staging [23]. The number of patients with
metastatic disease was higher in the LPI high score group. The LPI score was
shown to predict survival in each group regardless of the number of metastases.

In cancer patients, leukocytosis and poor performance status were found to be
associated with short survival time [15,24-26]. Kasymjanova et al. defined a PI
based on the pretreatment inflammatory markers CRP and WBC in advanced
NSCLC. The median OS rates were 20 months for the PI 0 group, 10.4 months for
the PI 1 group, and 7.9 months for the PI 2 group (p<<0.001) [7]. Gagnon et al.
developed an MPS based on LDH, albumin, CRP, and neutrophil lymphocyte
ratio in incurable lung cancer patients. The median OS rates were 2.5, 8.2 and 18.2
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months for groups 1, 2, and 3, respectively [10]. In our scoring system, the
median survival rates were 19, 11, and 7 months for LPI scores of 0, 1, and 2,
respectively. Survival curves were similar to Gagnon et al.’s study.

In our study, a high serum LDH level was associated with short-term survival.
LDH, which is related to intratumoral hypoxia, increases macrophage mediated
angiogenesis and invasion ability [14,26-28]. An increased LDH level was shown
to be associated with chemotherapy and radiation therapy resistance [29]. An
elevated level of LDH-5 in tumor tissue samples was found to be related to some
angiogenic factors’ (VEGF, bFGF, bFGFR) expression and shown to be a poor
prognostic factor for NSCLC patients [30]. Further prospective studies are needed
in order to determine the clinical use of tumor LDH expression.

Hypoalbunemia is linked with malnutrition and is very common in lung cancer
patients. Malnutrition is also related to low quality of life, decreases in response to
treatment, increases in toxicity risk (which is induced with chemotherapy), and
decreases in survival rate [15,26,31,32]. In our study, a low serum albumin level
was a poor prognostic factor with an HR of 1.28. Some scoring systems were
developed based on CRP and albumin. In the GPS scoring system, which included
these markers, the survival times were 11.6, 8.4 and 1.2 months for GPS 0, 1, and
2, respectively [21]. The other scoring systems (mGPS, ALIL, and MPS) also
revealed that hypoalbunemia was associated with poor survival [6,9, 10].

Hypercalcemia may occur in advanced stages of NSCLC and is a poor
prognostic factor [14,15,33]. In cancer patients, many mechanisms play a role in
hypercalcemia development and can be seen either as a paraneoplastic syndrome
or as a result of bone metastases [34]. The most common mechanism is the
secretion of a parathyroid hormone-related peptide by tumor cells [35]. In our
study, hypercalcemia was found to be a poor prognostic factor.

Most of our patients were treated with third generation platinum-based
doublets. While the 1-year OS rate was 4% in patients who did not receive any
chemotherapy, it was 12% in patients who received 1-3 cycles of chemotherapy
and 50% in patients who received =4 cycles of palliative CT. A meta-analysis
demonstrated that cisplatin-based chemotherapy improved survival rate, quality
of life, and performance status, compared with BSC [36].

In our study, the 1-year survival rates of patients who were treated with at least
4 cycles of CT were 63%, 51%, 39% in LPI 0, LPI 1 and LPI 2 groups, respectively.
The 1-year survival rates according to LPI scores of 0, 1, and 2 were 33%, 9%, and
0% in patients who did not receive any CT.

Trape et al. developed an AFP scoring system that revealed similar results to our
study. In their study, the median OS rates of patients who received CT were 15, 7,
and 5 months in AFP 0-1, AFP 2-3 and AFP 4-5 groups, respectively, versus 8, 6,
and 2 months in patients who did not receive any CT [8]. The median PFS was 10
months in the LPI 0 group and 5 months in the LPI 2 group. We considered
evaluating LPI groups according to chemotherapy regimens but the results would
be statistically insignificant due to low patient number and heterogeneity of
chemotherapeutic agents. Kasymjanova et al. showed that a PI was a valuable
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predictor both at diagnosis and after 2 cycles of chemotherapy in advanced stage
patients (p=0.007) [7].

We believe that future prospective clinical trials using the LPI score would help
clinicians determine which group of patients may benefit from standard
chemotherapy versus palliative care. This simple index would help clinicians
determine the high risk patients and improve the patients’ quality of life by
planning palliative care.

In previous studies, laboratory parameters were rarely evaluated, due to
difficulties with confirming their accuracy since they were conducted at different
centers. Our patient population, however, belonged to a single cancer center and
had the same reference range for laboratory parameters.

Our limitations were as follows: the fact that our study included a
heterogeneous group, since there were no restrictions according to age, PS,
metastases sites, or treatment. The relationship between LPI scores and
chemotherapy regimens could not be analyzed statistically, since different
chemotherapy regimens were included in the study. Unfortunately, we could not
analyze the correlation of targeted therapies such as crizotinib and erlotinib with
LPI scores since these therapies were unavailable prior to 2010.

The other limitation was that the baseline parameters upon which LPI was
based might change over time. The continuity of the LPT’s predictive value should
be evaluated by prospective studies. For more accurate results, the LPI might be
calculated periodically (e.g., every 3 to 6 months).

In conclusion, we have developed an inexpensive, easily accessible, and
independent prognostic index for advanced NSCLC patients. Even though
immunologic and histological markers were identified, we could not obtain most
of these factors in our daily practice. We believe that in the future, cancer
treatment will be completely individualized in association with increased genetic
profiling. LPI might be complementary to prognostic models based on genetic
profiles. We think this index will assist us in making individualized treatment
plans, deciding which patient groups would benefit from chemotherapy, and
planning clinical studies in advanced NSCLC patients.
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