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Abstract

Progranulin has been considered to be a poor prognostic bio-
marker for some types of malignancies. However, the clinical sig-
nificance of serum progranulin level and the prognostic value are
still not explored in advanced stages of lung cancer. The current
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study investigates the prognostic significance of progranulin
serum levels in advanced-stage non-small cell lung cancer
(NSCLC) patients. This study involved 94 subjects (70
advanced-stage NSCLC patients and 24 healthy controls).
Serum progranulin level was measured by enzyme-linked
immunosorbent assay (ELISA) and was correlated with patient
outcome. The association between circulating progranulin level
and clinicopathological parameters was detected. Serum progran-
ulin cut-off level predicting six-month survival was determined.
Serum progranulin level was found significantly elevated in
NSCLC patients than in the control group (p<0.001). We did not
determine a significant difference between stage I1IB and stage [V
NSCLC patients for serum progranulin levels (p=0.166). When
we evaluated the laboratory parameters, only serum LDH level
was found significantly correlated with serum progranulin level
(p=0.043), also bone and liver metastasis showed a significant
correlation with progranulin level (p=0.008 and p=0.024, respec-
tively). The cut-off level of serum progranulin in predicting six
months of survival was determined as 16.03 ng/ml (AUC = 0.973,
95%Cl: 0.903-0.997, p<0.001) with 97.06% sensitivity and
88.89% specificity. Overall survival was determined shorter in
patients with progranulin level >16 ng/ml than those with <16
ng/ml (p<0.001). Also, in the multivariate analysis using the Cox
regression model serum progranulin level was found as an inde-
pendent prognostic factor for NSCLC (p=0.001). Serum progran-
ulin level may be a useful biomarker for predicting poor survival
in advanced-stage NSCLC patients.

Introduction

Lung cancer is the most common cancer type seen in the
world [1]. The prognosis of lung tumors mostly depends on the
histology and disease stage at diagnosis [2]. There are two main
histological subtypes of lung carcinoma that are defined non-small
cell lung carcinoma (NSCLC) and small cell lung carcinoma
(SCLC) [3]. Non-small cell lung cancer is having a poor prognosis
and high mortality rate. However, in some of these patients having
a good prognosis the molecular background of NSCLC that favors
longer survival has not been yet determined [4].

Many growth factors play an important role in the pathophys-
iology of tumorigenesis, tumor spread, and treatment response.
Thus, these factors have been investigated for their prognostic role
in tumor tissue and serum of lung cancer patients [5]. Progranulin,
also called PC-cell-derived growth factor, granulin/epithelin pre-
cursor, or acrogranin is a secreted 88 kDa glycosylated protein
(GP88), which is having important functions in inflammation,
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tumorigenesis, and wound repair. It has been shown to mediate
cell cycle progression, cell motility, and inflammatory processes
[6,7]. The elevated progranulin expression has been demonstrated
in some tumor types such as melanoma, breast, prostate, ovarian,
renal, liver, and esophageal cancers, and also it has been recently
identified as a poor prognostic biomarker in melanoma, ovarian
and breast cancer [6,8-13].

High expression of progranulin in tumor tissues is having a
role in cell proliferation, angiogenesis, malignant transformation,
invasion, and resistance to anticancer drugs. Many studies in the
last decades have investigated the importance of progranulin
expression in cancer cells, but limited information is available
on its significance in NSCLC. We determined the prognostic
value of serum progranulin level in patients having advanced
stages of NSCLC.

Materials and Methods

Our study was a prospective, case-control study in which patients
were recruited consecutively from the tertiary referral hospital from
July 2016 to July 2018. The patients were followed until January
2020. For this research, 70 patients diagnosed with locally advanced
or metastatic NSCLC and 24 healthy volunteers were enrolled in the
study. Study inclusion criteria were histologically confirmed diagno-
sis of NSCLC, age >18 years, stage IIIB or IV at primary diagnosis.
Patients having other malignancies, autoimmune, neurodegenerative
diseases or infection diseases, immunosuppressive drug usage, or
pregnancy were excluded. The diagnosis of lung cancer was estab-
lished according to the revised World Health Organization
Classification of Lung Tumors and clinical staging was performed
due to the TNM staging for lung cancer [2,3]. There were 16 (22.9%)
patients with stage IIIB and 54 (77.1%) patients with stage IV.
Patients were first evaluated with detailed clinical history and physi-
cal examination. Also, complete blood cell counts, biochemistry tests
and chest roentgenograms, positron emission tomography (PET)
imaging and cranial magnetic resonance imaging (MRI) were all per-
formed before treatment. Patients received chemotherapy with/with-
out radiotherapy (curative or palliative radiotherapy) or only support-
ive therapy depending on the stage of disease and Eastern
Cooperative Oncology Group (ECOG) performance status.

Institutional ethics committee approval (Kecioren Education and
Research Hospital Ethical Board of Clinical Research, no: 2012-
KAEK-15/1138) and informed consent from all participants were
obtained. Also, the study was performed according to the ethical
standards of the appropriate version of the Helsinki Declaration.

Approximately 5 mL of peripheral venous blood samples from
all participants were collected in the morning in fasting status at
the time of diagnosis before any therapeutic measures were start-
ed. The blood samples were centrifuged at 1000 x g for 15 min
and the serum was stored at -80°C until analysis. All samples were
assayed on the same day. The serum progranulin level was meas-
ured according to the manufacturer’s instructions by using
enzyme-linked immunosorbent assay (ELISA) kits (Human pro-
granulin Elisa Kit). The results were reported as ng/mL.

The data were evaluated in a statistical package program IBM
SPSS Statistics 22.0 (IBM Corp., Armonk, NY, USA). The number
of units (n), percentage (%), mean + standard deviation (X ss),
and median [interquartile range (IQR)] were all reported. The nor-
mal distribution of numerical variables was determined by the
Shapiro-Wilk normality test and Q - Q graphs. In the comparison
of the two groups, the variables showing the normal distribution
were evaluated by the independent samples #-test, whereas the
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variables not normally distributed were examined by Mann-
Whitney U analysis. Overall survival was reported as the time in
months from the date of diagnosis to the date of death or last fol-
low-up. Kaplan Meier method was used to determine the survival
distribution. The difference in survival time was analyzed by the
log-rank test. Variables related independently to mortality were
determined by Cox proportional hazards model. ROC (receiver
operating characteristics) curve analysis was performed to select
the appropriate cut-off level for serum progranulin in predicting 6
months survival and its overall diagnostic accuracy was estimated
by areas under ROC curves. Serum progranulin optimal cut-off
values were determined according to the Youden method. A p-
value <0.05 was accepted as statistically significant.

Results

A total of 70 patients diagnosed with locally advanced or
metastatic NSCLC (65 male, 5 female) and 24 healthy volunteers
(22 male, 2 female) were included in this study. The mean age of
patients and healthy volunteers was 61.37 &+ 8.47 and 62.08 + 7.95
years. Thirty-four (48.5%) patients were diagnosed with adenocar-
cinoma, 23 (32.9%) patients with squamous cell carcinoma, and 13
(18.6%) patients with NSCLC not otherwise specified (NOS)
respectively. In a 6-months period, 34 (48.6 %) patients were alive,
whereas 36 (51.4 %) patients died. After 1 year period, 19 (27.1 %)
patients were alive, whereas 51(72.9 %) patients died. At the end
of the study, 9 (12.9 %) patients were alive, whereas 61 (87.1 %)
patients died. The features of the patients were shown in Table 1.

Table 1. Clinical and pathological characteristics of patients.

Characteristics n (%)

Age* 61.37+8.47 years
Smoking” 40 (30) pack/years
Female 5(7.1)
Male 65 (92.9)
BMI* 22.96+3.99
Adenocarcinoma 34 (48.5)
NSCLC not otherwise specified 13 (18.6)
Squamous cell carcinoma 23 (32.9)

Stage I1IB 16 (22.9)
Stage IV 54 (77.1)
Treatment modality
Chemotherapy 22 (31.4)
Radiotherapy 7 (10)
Chemotherapy + radiotherapy 20 (28.6)
Supportive therapy 21 (30)
6 months interval alive 34 (48.6)
6 months interval exitus 36 (51.4)
1-year interval alive 19 (27.1)
1-year interval exitus 51(72.9)
At the end of the study alive 9(12,9)
At the end of the study exitus 61 (87.1)

*Mean+SD; *median (interquartile range); NSCL, non-small cell lung cancer.
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We compared the NSCLC patients and healthy controls for serum
progranulin levels. Serum progranulin level was found significant-
ly more elevated in NSCLC patients than in healthy controls
(p<0.001). Serum progranulin levels did not correlate with age.
The association between serum progranulin level and clinicopatho-
logical parameters was summarized in Table 2. There was no sta-
tistically significant difference between stage IIIB (locally
advanced stage) and stage IV (advanced stage) NSCLC patients
(p=0.166), whereas bone and liver metastasis showed a significant
correlation with pre-treatment serum progranulin level (p=0.008
and p=0.024, respectively). Also, the progranulin level did not
show a statistically significant association with the histopatholog-
ical type (p=0.700). Additionally, when we evaluated the laborato-
ry parameters, only serum LDH level was found to have a statisti-
cally significant correlation with progranulin level (p=0.043).

The ROC curve analysis demonstrated the optimal cut-off
level of serum progranulin in predicting 6 months’ survival as
16.03 ng/mL. We found the area under the ROC curve (AUC) as
0.973 with a 95% confidence interval (95%CI): 0.903-0.997
(p<0.001) (Figure 1). This cut-off level of progranulin showed

Table 2. Association of serum progranulin level with clinicopatho-
logical variables.

Progranulin level, p-value
ng/mL,
median
(interquartile
range)
Control (n=24) 5.69 (5.17) <0.001*
Patients (n=70) 13.62 (45.30)
Anemia
No (n=64) 11.2 (41.03) 0.056
Yes (n=6) 51.75 (58.51)
High LDH level
No (n=40) 10.16 (38.91) 0.043*
Yes (n=30) 24.82 (43.93)
High CRP level
No (n=12) 10.5 (20.71) 0.629
Yes (n=58) 15.51 (45.47)
Histopathology
Adenocarcinoma (n=34) 16.55(43.75) 0.700
NSCLC not otherwise specified (n=13) 42.26 (48.67)
Squamous cell carcinoma (n=23) 11.2 (11.57)
Stage
Stage I1IB (n=16) 9.99 (29.86) 0.166
Stage IV (n=54) 18.1 (44.95)
Bone metastasis
No (n=38) 10.16 (20.10) 0.008%*
Yes (n=32) 30.51 (48.25)
Cranial metastasis
No (n=54) 11.2 (37.79) 0.097
Yes (n=16) 35.34 (55.66)
Adrenal gland metastasis
No (n=49) 11.2 (44.68) 0.058
Yes (n=21) 21.21 (46.60)
Liver metastasis
No (n=62) 11.2 (39.00) 0.024*
Yes (n=8) 51.74 (29.51)

*Statistically significant; CRP, C-reactive protein; LDH, lactate dehydrogenase;
NSCL, non-small cell lung cancer.
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97.06% sensitivity, 88.89% specificity, 89.2% positive predictive
value, and 97% negative predictive value respectively for estimat-
ing predicting 6 months of survival. Kaplan Meier’s analysis
revealed that NSCLC patients having progranulin levels >16
ng/mL had shorter overall survival (OS: 2.651 months, 95% CI:
1.377-3.925) than the patients with progranulin levels <16 ng/mL
(0OS: 14.326 months, 95% CI: 12.367-16.286) (Figure 2). There
was a significant difference in survival of the two groups
(p<0.001). In the multivariate analysis using the Cox regression
test, liver metastasis (p=0.001), adrenal gland metastasis (p=0.012)
and progranulin level (p=0.001) were found independently associ-
ated with short survival (Table 3).

Discussion

Progranulin is a growth factor having significant biological
effects on different cancer types, as it stimulates angiogenesis,
migration, and invasion [6,7,12,13]. Pathological studies have
shown that progranulin was not expressed in normal tissues and
benign lesions, whereas it was overexpressed in tumor tissues
[6,12,13]. Studies using cell lines and animal models provide evi-
dence that progranulin induces tumor cell proliferation, migration,
and drug resistance. As progranulin is an extracellular regulator of
tumorigenesis, it is a potential biomarker of prognosis in various
cancer types [7,8]. For example, in human breast adenocarcinoma
cell lines, there was an association between progranulin expression
and growth of tumor cells, furthermore, in mouse xenograft stud-
ies, inhibition of progranulin expression led to a 90% reduction in
tumor cells growth [6,8]. Also, elevated serum progranulin levels
have been reported in many cancer types [14-16]. In addition, pro-
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Figure 1. ROC curve for predicting 6 months survival by compar-
ing patients (n=34) with serum progranulin level <16.03 ng/mL
and patients (n=36) with >16.03 ng/mL (area under the ROC
curve=0.973, 95%Cl; 0.903 to 0.997, p<0.001).
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granulin has been considered to be a prognostic biomarker for
some types of malignancies, as it has an important role in carcino-
genesis. Carlson et al. reported that the serum level of progranulin
was significantly elevated in patients having ovarian epithelial
cancer with advanced stages, but not in the earlier stages as stages
T'and II [17]. Similarly, serum progranulin level was found higher
in advanced NSCLC patients than in healthy controls in this study
(p<0.001).

Serum progranulin level increases in systemic lupus erythe-
matosus, rheumatoid arthritis, and some interstitial lung diseases.
Because of this, the patients having other malignancies, autoim-
mune diseases, neurodegenerative diseases, or chronic infections
were not included in this study [8,13,18,19]. Tanaka ef al. showed
that serum progranulin levels were correlated with the prognosis of
dermatomyositis with interstitial lung diseases and also had a sig-
nificantly positive association with serum LDH levels (rs =
0.54, p=0.003) [19]. In another study, circulating progranulin level
was associated with elevated serum LDH level in patients with
liver enzyme dysfunction [20]. Similar to these previous studies,
we also found serum LDH level significantly correlated with pro-
granulin level.

To our knowledge, there are few studies evaluating the prognos-
tic value of progranulin in lung cancer. Edelman et al. firstly demon-
strated the progranulin expression in 70% of NCCLC patients
whereas there was no expression in normal tissues and small cell
lung carcinoma. They found high progranulin expression in tumor
tissues correlated with poor survival in NSCLC patients with early
stages as stage I, II, and also in stage IIIA. The same study demon-
strated the utility of progranulin as a biomarker for NSCLC because
the blood levels of progranulin were determined higher in patients
with stages IIIB and IV than in healthy individuals. However, they
did not evaluate the association between serum progranulin level
and survival in advanced NSCLC patients, whereas progranulin
expression was found to correlate with poor prognosis in early stages
[15]. Patients having advanced-stage NSCLC and short survival
expectancy were included in our study. Thus, we evaluated the asso-
ciation between serum progranulin levels and survival in advanced
NSCLC patients. The cut-off level of serum progranulin in predict-
ing 6 months survival was determined as 16.03 ng/mL with 97.06%

sensitivity and 88.89% specificity. Also in this study, high progran-
ulin concentrations were associated with a decrease in overall
patients’ survival. Patients having serum progranulin level >16
ng/mL had 2.6 months survival, whereas overall survival was 14.3
months for patients having progranulin level <16 ng/mL (p<0.001).
In the multivariate analysis, liver metastasis (p=0.001) and adrenal
gland metastasis (p=0.012) were found independently correlated
with short survival. Also, serum progranulin level was determined as
an independent prognostic factor for NSCLC in the multivariate
analysis using the Cox regression model (p=0.001). Therefore, this
study shows that the use of progranulin as a prognostic biomarker in
NSCLC is promising.

Also, Naumnik et al. studied progranulin levels in bron-
choalveolar lavage fluid (BALF) of forty-six patients having
advanced NCSLC and they found progranulin levels elevated in
cancer patients compared to the healthy control group. They sug-
gested that BALF progranulin levels are associated with time to
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Figure 2. Survival analysis of patients based on serum progranulin
level was evaluated by Kaplan—Meier survival curves. Survival
was determined shorter in patients with progranulin levels >16
ng/mL than in those with <16 ng/mL (p<0.001).

Table 3. Multivariate analysis related to survival using Cox regression.

HR %95 CI p-value

Age 1.035 0.991 - 1.081 0.124
Smoking 1.012 0.998 - 1.026 0.093
Gender 1.501 0.349 - 6.449 0.585
Tumor diameter 0.888 0.770 - 1.024 0.102
Adenocarcinoma 0.730
NSCLC not otherwise specified 0.751 0.291 - 1.936 0.553
Squamous cell carcinoma 1.121 0.516 -2.433 0.774
Stage 0.737 0.257-2.118 0.571
Bone metastasis 1.786 0.796 - 4.009 0.160
Cranial metastasis 0.648 0.298 - 1.409 0.274
Contralateral lung metastasis 1.059 0.374 - 3.001 0.914
Pleural metastasis 1.371 0.616 - 3.053 0.439
Adrenal gland metastasis 2.103 1.177 - 3.756 0.012*
Liver metastasis 5.532 2.253 - 13.584 0.001*
Progranulin level 1.083 1.060 - 1.107 0.001*
HR, hazard ratio; *statistically significant.
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tumor progression [21]. In another study, progranulin expression
was found higher in the squamous cell carcinoma tissues than in
adjacent non-tumorous tissues. They suggested that microRNA-
588 expression suppressed the invasion of tumor cells by targeting
progranulin in lung squamous cell carcinoma [22]. Progranulin is
reported to have effects in promoting angiogenesis and metastasis
through the regulation of vascular endothelial growth factors in
lung cancer [23]. The mechanism of progranulin in contribution to
carcinogenesis is unclear as the signaling receptor is still unclear.
In recent years, some receptors such as sortilin, tumor necrosis fac-
tor receptor, and ephrin type-A receptor have been found as having
potential links in the action of progranulin [24,25].

Since patients with advanced-stage lung cancer were included

in this study, we do not know whether progranulin could be useful
in predicting poor prognosis in early-stage lung cancer or other
types of lung cancer patients. Also, the number of patients included
in this study was relatively low. These are considered limiting fac-
tors of our study.

Conclusions

There is a significantly elevated serum progranulin level in

NSCLC patients with advanced stages, and especially with bone
and liver metastasis. Serum progranulin level seems to be associ-
ated with 6-month survival and overall patient survival. Baseline
serum progranulin level may be a useful test for predicting the
prognosis of NSCLC patients with advanced stage. The informa-
tion that currently exists regarding progranulin is very exciting, but
the studies with a higher number of patients which also include
early-stage and other types of lung cancer are required to be able
to make further comments.
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