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Serum DKK-1 as a clinical and prognostic factor in non-small cell lung cancer
patients with bone metastases

R. Qiao1, T. Chu1, B. Han1, R. Zhong1, Q. Chang2, J. Teng1, J. Pei1

1Department of Pulmonary Medicine, Shanghai Chest Hospital, Shanghai, China,
2Shanghai Jiao Tong University School of Medicine, Shanghai, China

Background: The Wnt/b-catenin pathway plays a crucial role in tumor pathogenesis,
specifically in cell proliferation, angiogenesis, motility and invasiveness. The activity of
Wnt family ligands is antagonized by several secreted factors including Dickkopf
(DKK). A member of the Dickkopf family, DKK-1, is a 35 kDa secreted protein that is a
potent inhibitor of Wnt/b-catenin signaling. The study was designed to evaluate the as-
sociation between serum Dickkopf-1(DKK-1) and non- small cell lung cancer(NSCLC)
bone metastases.

Methods: Serum DKK-1and CEA levels were quantified in 318 NSCLC patients, 140
with osseous metastases and 178 with extraosseous metastases. We used receiver oper-
ating characteristics (ROC) to evaluate the predictive qualities of these parameters for
bone metastases.

Results: Serum DKK-1 levels were significantly higher in patients with osseous metasta-
ses compared with patients with extraosseous metastases (P< 0.001). ROC curves
showed that the optimum cutoff was 311.8 ng/ml (area under curve [AUC] 0.791, 95%
confidence interval [CI] 0.739–0.843, sensitivity 77.1% and specificity 71.4%). ROC
analysis also showed that testing both DKK-1 and CEA increased the detection accuracy
for NSCLC bone metastases compared with CEA alone (AUC 0.797, 95% CI 0.746–
0.848, sensitivity 82.9% and specificity 68.9%; DKK-1 plus CEA vs. DKK-1 alone
P¼ 0.370; DKK-1 plus CEA vs. CEA alone P¼ 0.0001). Thus, serum DKK-1 correlated
with the number of bone lesions (P¼ 0.042). In osseous metastases group, Kaplan–
Meier analysis showed that patients with high serum DKK-1 levels had poorer overall
survival than patients with low serum DKK-1 levels (P¼ 0.025), and multivariable ana-
lyses showed serum DKK-1 to be an independent prognostic factor for overall survival
(P¼ 0.029).

Conclusions: Our data shows that serum DKK-1 levels are increased in NSCLC patients
with bone metastases. More importantly this is the first report to show that high serum
DKK-1 levels are associated with the extent of bone metastases and poor survival in
NSCLC patients with bone metastases.

Legal entity responsible for the study: Shanghai Chest Hospital

Funding: The Science and Technology Development Fund of Shanghai Chest Hospital
(Grant No. 2014YZDC10101)

Disclosure: All authors have declared no conflicts of interest.

Keywords: prognosis, DKK-1, non-small cell lung cancer, bone metastasis

Procathepsin D as a novel diagnostic marker for malignant pleural effusion of
lung cancer
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Background: Approximately 20% of pleural effusions are due to malignancy, and 50%
of these are due to primary lung cancer. However, the etiology of the effusions is often
obscure and various diagnostic procedures may be required in order to find their cause.
Cathepsin D (CD) as a lysosomal aspartic protease is one of the most important intra-
cellular enzymes considered to be substantially involved in tumor invasion.
Procathespin D (pCD) is overexpressed and secreted by cells of various tumor types.
The aim of this study is to evaluate the serum and pleural fluid levels of CD and pCD as
a differential diagnostic tool in patients with pleural effusion caused by malignant or
benign process.

Methods: Patients and pleural fluid collection: The present study included 85 patients
(40 patients with lung cancer, 30 patients with tuberculosis, 10 patients with parapneu-
monic effusion, 5 patients with transudate effusion) who underwent thoracentesis and
pleural biopsy. Clinical and pathology data, including tumor type were acquired for all
patients. Analysis of CD and pCD: Amounts of CD in the pleural fluid and serum were
determined with a cathepsin D ELISA kit and pCD with a sandwich ELISA method.

Results: Concentration of pleural CD was not significantly different in patients with
malignant pleural effusion compared with non malignant effusion (mean 13.34 vs.
16.72 ng/ml; p> 0.05), and also the concentration of serum CD was not significantly
different (mean 41.34 vs. 36.52 ng/ml; p> 0.05). Plasma pCD of malignant pleural effu-
sion and non malignant effusion were 42.03 ng/ml and 38.59 ng/ml, respectively
(p> 0.05) but pleural pCD of malignant pleural effusion and non malignant effusion
were 84.24 ng/ml and 33.82 ng/ml, respectively with significance (p< 0.05).

Conclusions: In this small cohort, the pleural pCD of lung cancer patients showed ele-
vated levels compared with that of non malignant effusion. The pleural fluid levels of
pCD could be a diagnostic marker of malignant effusion with lung cancer and further

prospective studies might shed more light on the value of CD and pCD in the diagnos-
tics of pleural effusion.
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Background: The brain, bones and lungs are common sites of metastasis in non-small
cell lung cancer. We aimed to investigate the metastatic pattern of epidermal growth
factor receptor (EGFR) mutations by analyzing the incidence of different metastatic
sites in EGFR positive (þ) lung adenocarcinoma patients with brain metastases (BM).

Methods: Data from medical records at the Clinic for Respiratory Diseases
"Jordanovac" were collected for this retrospective cohort study. Caucasian Croatian pa-
tients with primary lung adenocarcinoma (PLA) and EGFRþmutation status (2014-
2015) were included.

Results: Of 116 EGFRþ patients, 24 (21.0%) were diagnosed with BM. The majority of
EGFRþ patients (n¼ 17, 70.8%) were less than 65 years old at BM diagnosis. There
were fewer males (n¼ 4, 16.7%) than females. Only four patients (all female, 16.7%)
were active smokers at diagnosis of PLA. Median age at diagnosis of BM was 62 years
(range: 43-78 years). Most patients (n¼ 20, 83.3%) had good performance status (PS,
ECOG 0-1) and normal to increased body mass index (n¼ 17, 70.8%). Weight loss at
presentation was reported by 10 patients (41.6%). The majority (n¼ 16, 66.7%) ini-
tially presented to the emergency department. In 8 patients (33.3%), symptoms related
to BM appeared prior to or at the same time as the PLA. Oral tyrosine kinase inhibitor
(TKI) treatment was received in second line (n¼ 8, 33.3%) after progression of disease
following first line chemotherapy. Most patients with multiple BM (n¼ 18, 75.0%)
received whole brain palliative radiotherapy; three could not due to poor PS. The main
extracranial sites of metastases were bone (n¼ 16, 66.7%), liver (n¼ 7, 29.2%) and
pleura (n¼ 19, 79.2%). The most common EGFR mutations were single exon 19 dele-
tion (n¼ 13, 54.2%) and exon 21 L858R (n¼ 5, 20.8%). One patient (4.2%) had a dou-
ble mutation (exon 19 and 21) and another (4.2%) had a rare single exon 18 mutation.
Exon 20 T790M mutation occurred in 16.7% of patients (n¼ 4). The median overall
survival (mOS) was 7.7 months versus 20.1 months from time of diagnosis of BM ver-
sus from PLA, respectively.

Conclusions: Early diagnosis of BM and extracranial metastases in EGFR mutant PLA
patients is key to improving clinical outcomes, quality of life, and overall survival.
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T790M co-exists with other secondary resistance mechanisms in EGFR mutation
positive NSCLC and are associated with inferior outcomes
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D. Tan
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Background: Compared to conventional chemotherapy, NSCLC adenocarcinoma pa-
tients with EGFR-activating mutations (Mþ) have superior response to EGFR TKIs.
However, all patients develop acquired resistance (AR) to TKIs, most commonly
through T790M mutation. Due to intratumour heterogeneity, additional non-T790M
mechanisms of AR could coexist with the T790M mutation. Little is known about the
prevalence and clinical outcomes of patients with co-existing mechanisms of AR.

Methods: 145 patients with EGFR MþNSCLC underwent a repeat biopsy after de-
veloping AR to TKI therapy. All specimens underwent histological review, while 116
(80%) underwent molecular profiling with multiple parallel high-sensitivity assays
(including a 29-gene NGS panel) to detect genetic aberrations linked to TKI resistance.
Kaplan Meier survival curves were plotted and compared with the log-rank test.

Results: 53.4% TKI-resistant patients (n¼ 57/106) were T790M-positive, while 61%
patients had a non-T790M mechanism of AR including CMET polysomy or amplifica-
tion, PTEN Loss, PIK3CA substitution and small cell change. 10 patients had lost their
original EGFR-activating mutation. Up to 42% (n¼ 34/80) had a mutation in an
NSCLC driver gene (including BRAF, DDR2, NRAS) detected by a 29-gene panel. 51%
patients treated with 1st-generation gefitinib or erlotinib (n¼ 101) were T790M-
positive, compared to only 20% of patients treated with 2nd-generation afatinib
(n¼ 15). There was also a difference (p¼ 0.071) in T790M prevalence between patients
treated with TKI post-progression (37/67, 55%) and those treated with chemotherapy
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