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At the diagnostic stage, metastasis detection is around 75% in the lung cancer patients. Major clinical challenge
faced by medical oncologists is the unpredictable metastasis development in non-metastatic patients. The litera-
ture regarding the biomarkers/factors prognosticating metastasis in non-metastatic patients during follow-up is
very limited. In this pilot study, the levels of serum biomarkers (IL-8, VEGF, MMP-2, MMP-9) were measured at
diagnosis stage of non-metastatic lung cancer patients and these observations were evaluated for metastasis de-
velopment after follow-up of median 29.2 months. After follow-up, ~40% of these patients developed metastasis.
The average age of non-metastatic patients which later developed metastasis, was found to be lower than the
patients continued to be non-metastatic. These patients also showed higher levels of IL-8 and MMP-9 than the
patients which did not develop metastasis. Analysis of Receiver Operating Characteristic Curves, Youden’s Index
and positive likelihood ratio values showed better diagnostic ability for IL-8 and MMP-9, which improved when
both markers used together. Moreover, patients with age <60 years showed higher prognostic ability of metastasis
development, which was significantly enhanced when patient age was analysed with IL-8. These results suggest
potential of serum analytes (IL-8, MMP-9) and/or patient age in prognosticating the metastasis development in
non-metastatic patients.

Introduction management of these patients not just for adjuvant therapy but also for

enabling better follow-up schedule.

Lung cancer is the leading cause of death and accounts for 18.4% of
cancer-related deaths all over the world [1]. Around 85% of the lung
cancer patients are non-small cell lung cancer (NSCLC), which includes
subtypes of adenocarcinoma and squamous cell carcinoma [2]. Further-
more, in India, majority of the NSCLC patients (82%) are diagnosed at
advanced stages with disease that has spread either to the mediastinal
lymph nodes (stage III) or distant sites (stage IV). In contrast, only ~18
% patients are diagnosed at early stage (I-IIIA) [3] based on imaging
and sputum cytology. The 5-year survival for these patients was not yet
improved since they are at high risk for metastasis [4,5], which is dif-
ficult to prognosticate at the early stage [6,7]. Prognosis of metastasis
development in non-metastatic patients holds immense value in clinical

In breast and liver cancer patients, variables (like levels of serum
receptors, growth factors, cytokeratins, age/smoking history and stage
of tumour) were used to prognosticate the risk of disease recurrence
and metastasis [8,9]. In lung cancer, metastatic and non-metastatic pa-
tients have been differentiated based on gene mutations (EGFR, KRAS,
HER2, ERCC1, RRM1 and BRCA) [10,11-15]. These studies were per-
formed using lung tumour tissues collected invasively, which show high
variability in the levels of these biomarkers due to tumour heterogene-
ity. However, the liquid biopsy has received significant attention be-
cause of their clinical advantages [14,16,17] of easier sample collec-
tion and better sample homogeneity. Type of markers evaluated in lig-
uid biopsy were circulating tumour cells and tumour derived nucleic
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acids (circulating tumour DNA/free DNA, methylated DNA, micro RNA)
[10,18].However, the presence of circulating tumor cells and tumour
derived nucleic acids at the early stage of lung cancer is too low for
reliable diagnostic applications [17]. Furthermore, most of these stud-
ies evaluated differences between early/late stages of lung cancer and
healthy controls without analysing the prognostic value for the develop-
ment of metastasis. The question that has not been clearly addressed in
the literature pertains to the identification of markers that might prog-
nosticate metastasis development in non-metastatic or early stage lung
cancer patients.

In our previous study [18], we have studied the levels of serum
biomarkers (VEGF, IL-8, MMP-2, MMP-9) for differential diagnosis of
chronic obstructive pulmonary disease (COPD) (n=38), lung cancer
(n=45) and age matched healthy controls (n=28). We have also showed
that IL-8 being associated with systemic inflammation could differen-
tiate COPD and lung cancer patients, but VEGF involved in carcino-
genesis was found to be better diagnostic marker for metastatic and
non-metastatic lung cancer patients [18]. In present study, the non-
metastatic patients (n=25) were further followed-up (median period of
29.2 months) for metastasis development. The patients were segregated
into two groups at the time of follow-up (i) patients who continued to
be non-metastatic and (ii) patients with metastasis development. They
were retrospectively analysed for the levels of serum biomarkers (VEGF,
IL-8, MMP-2, MMP-9)/age at the time of non-metastatic diagnosis. Diag-
nostic test parameters [area under curve (AUC), Youden’s Index (YI) and
nomogram analysis] for serum analytes (IL-8, MMP-9) and/or age were
analyzed for prognosticating metastasis development in non-metastatic
patients.

Materials and methods
Patients and serum collection

Data of serum levels of biomarkers (VEGF, MMP2, IL-8 and MMP9)
and age of patients were utilized from our previously published study
[18]. Briefly, 25 patients with non-metastatic lung cancer were recruited
for the study and serum samples were collected at the time of diagno-
sis in accordance with the approved experimental protocols/guidelines
of Institutional Ethical Committees at Tata Memorial Hospital, Mum-
bai (IRB/1111) and informed consent was obtained from all partici-
pants and/or their legal guardian/s. Serum levels of biomarkers (VEGF,
MMP2, IL-8 and MMP9) were estimated using ELISA (Quantikine ELISA,
R&D Systems, USA) [18]. All patients were non-small cell lung can-
cer. Details of patients have been provided in the Supplementary Ta-
ble 1. After completion of the treatment, the non-metastatic patients
were followed-up for every 4-6 months. At the first follow-up all pa-
tients had undergone clinical examination and chest skiagram. In cases
where metastasis was suspected, contrast enhanced computed tomogra-
phy (CECT) thorax was done. Subsequently, based on the clinical presen-
tation selected patients underwent either PET/CECT/fluoride PET/MRI-
brain/bone scan or cytological analysis. The follow-up time considered
in this study was either date of metastasis appearance or latest follow-up
at the time of data analysis. The median follow-up was 29.2 months. The
time of diagnosis was considered as zero time point in this study. Out
of 25 patients, one patient was not available for follow-up, 10 patients
were diagnosed with metastasis during follow-up and 14 patients did
not develop metastasis. Out of 10 patients who developed metastasis,
8 patients developed bone or brain metastasis. Serum levels of VEGF,
MMP2, IL-8 and MMP9 evaluated by ELISA in non-metastatic patients
in the previous study [18] were used to categorise the patients into:
the patients, who developed metastasis and second, who remained non-
metastatic during follow-up (Supplementary Fig. S1). For MMP-9, 16
non-metastatic patients were used and categorised as 11 non-metastatic
and 5 metastatic after follow-up. Age of the patients was also considered
as one of the variables along with serum analytes to evaluate diagnostic
ability of these variables to prognosticate metastasis development.
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Statistical analysis

Statistical analysis was done using Origin Pro 8.0 software. Wherever
required, values of analytes were represented as mean + SEM with lower
and upper 95% confidence intervals of mean. To evaluate the diagnos-
tic ability of these analytes, initially AUC with 95% CI were determined
from receiver operating characteristics (ROC) curves [sensitivity ver-
sus (1-specificity)] for the selected patient groups/analytes. This kind
of calculation was required as our data has more discrete values on con-
tinuous rating scale. By considering either upper or lower 95% CI of
mean as cut-off values (depending on the upward/downward trend of
the particular analyte) the YI values were calculated. Nomogram anal-
ysis [19,20] was also performed to obtain positive and negative like-
lihood ratio based on pre- and post-probability odds to prognosticate
the metastatic development in non-metastatic patients. Open access on-
line diagnostic test calculator (version 2010042101 by A. Schwartz) was
used to obtain nomograms [21].

Results

Levels of serum analytes in metastatic patients developed after follow-up in
non-metastatic patients

The levels of serum analytes were re-analyzed (from the values of
non-metastatic patients at the stage of diagnosis) for categorization of
metastatic and non-metastatic patients after follow-up (Table 1). For
these categories of patients, age as a variable (at the stage of diagnosis)
was also considered. The mean age of non-metastatic patients, which
developed metastasis during follow-up was found to be lower (52.8 +3
years; 95% CI of mean=45.8-60) than patients who did not develop
metastasis (59.2 +2.9 years; 95% CI of mean= 52.8-65.6).The upper
95 % CI of mean of age for metastasis development was found to be 60
years. Patients which developed metastasis also showed higher level of
IL-8 (17.6+1.3 pg/ml; 95% CI of mean=14.5-20.6; p<0.02)) and MMP-
9 (1513.5+382.5 ng/ml; 95% CI of mean= 451.4-2575.7) than the pa-
tients which did not develop metastasis during follow-up (IL-8: 13.5+0.9
pg/ml, 95% CI of mean= 11.5-15.4; MMP-9: 959.6+154.6 ng/ml, 95%
CI of mean= 614.9-1304) (Table 1 and Fig. 1). However, VEGF and
MMP-2 levels did not show any significant variation in two categories
of patients.

ROC curves of age and serum analytes for metastasis development in
non-metastatic patients

The AUC values for individual variables i.e. VEGF, MMP2, IL-8,
MMP9 and age for metastasis development in non-metastatic patients
were found to be 0.49 (95% CI of mean: 0.24-0.73), 0.48 (95% CI of
mean: 0.23-0.73), 0.76 (95% CI of mean: 0.56-0.96), 0.72 (95% CI of
mean: 0.46-0.99) and 0.70 (95% CI of mean: 0.46-0.91), respectively
(Fig. 2a-e). These results suggested that out of these variables IL-8,
MMP9 and age showed better AUC values (>0.7) for prognosis of metas-
tasis development in non-metastatic patients.

Ability of serum analytes and age in prognosticating metastasis development
in non-metastatic patients

After obtaining AUC values from ROC curves, the threshold cut off
values were selected based on 95 % CI of mean, which was used to eval-
uate their diagnostic ability using YI and nomogram analysis. The cut off
values considered for IL-8, VEGF, MMP-2, MMP-9 and age were >14.5
pg/ml, >174.8 pg/ml, <285.9 ng/ml, >1304 ng/ml and <60 years, re-
spectively (Table 2). Out of these measured variables, age, IL-8 and
MMP-9 showed better YI values(95% CI of mean) i.e. 0.39 (0.04-0.74),
0.51 (0.17-0.86) and 0.33(-0.18-0.83), respectively (Table 2). Other an-
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Fig. 1. Distribution of non-metastatic and metastatic patients serum cytokine levels and age were shown in box-whisker plots: (a) VEGF; (b) MMP2; (c) IL-8; (d)
MMP9 and (e) age.
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Fig. 2. Receiver Operating Curves of different analytes and age with corresponding AUC values (95% CI) to determine the diagnostic ability of the markers to
prognosticate metastasis in non-metastatic patients after follow-up (a) VEGF; (b) MMP2;(c) IL-8;(d) MMP9 and (e) age.
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Table 1.
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Mean + SEM of age and analytes with their respective 95% confidence intervals mentioned in parentheses.

Groups Mean + SEM (95% CI of mean)

Age (in years) VEGF (pg/ml)

IL-8 (pg/ml)

MMP9 (ng/ml) MMP2

(ng/ml)

Non- metastatic
(n=14)
Metastatic (n=10)

59.2+2.9 (52.8-65.6)  299.4+57.6 (174.8-423.9)

52.8+3 (45.8-60) 284.8+55.8 (158.5-411.1)

13.540.9 (11.5-15.4)

17.6+1.3 (14.5-20.6)

959.6+154.6 (614.9-1304) (n=11)

1513.5+382.5 (451.4-2575.7) (n=5)

254.5+14.5 (223.2-285.9)

251.4+12.1 (223.9-278.9)

Table 2.
Cut-off values of variables analysed with respective diagnostic test parameters.

Parameters Age (in years) VEGF (pg/ml) MMP-2 (ng/ml)

IL-8 (pg/ml)

MMP9 (ng/ml) IL-8 AND MMP9

AGE AND IL-8

Cut-off values <60 >174.8 <2859

>14.5

> 1304 IL-8 >14.5 pg/ml and

MMP9 > 1304 ng/ml

IL-8 > 14.5 pg/ml
and age < 60 years

Youden’s Index 0.39 (0.04-0.74)

-0.07 (-0.48-0.33)

0.04 (-0.22-0.3)

0.51 (0.17-0.86)  0.33 (-0.18-0.83)

0.42 (-0.07-0.9) 0.66 (0.35-0.97)

(95% CI)
Positive 1.58 (0.96-2.60) 0.88 (0.41-1.89) 1.05 (0.78-1.41) 2.8 (1.16-6.78) 2.2 (0.66-7.31) 3.3 (0.78-14) 5.6 (1.5-21)
likelihood ratio
(95% CI)
Negative 0.23 (0.03-1.65)  1.17 (0.49-2.77) 0.70 (0.07-6.70)  0.28 (0.08-1.01)  0.55 (0.18-1.71)  0.49 (0.16-1.48) 0.23 (0.07-0.82)
likelihood ratio
(95% CI)
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Fig. 3. Nomograms of analytes and age to determine the diagnostic ability of the markers to prognosticate metastasis in non-metastatic patients after follow-up (a)

IL-8, (b) MMP9 and (c) age.

alytes (VEGF and MMP-2) showed significantly lower YI values. The
combination of potential variables (i.e. IL-8, MMP-9 and age) were fur-
ther analyzed for better prognosis of metastasis development in non-
metastatic patients. When IL-8 and MMP-9 were considered together YI
value (95% CI of mean) was found to be 0.42 (-0.07-0.9). YI value was
substantially increased to 0.66 (95% CI of mean: 0.35-0.97), when age
and IL-8 were considered together. Other combinations (i.e. MMP-9 and
age; MMP-9, IL-8 and age) did not show significant YI values (data not
shown).

The positive likelihood ratios obtained from nomograms are in agree-
ment with YI values. These ratios were found to be 2.4, 2.8 and 2.2

for age, IL-8 and MMP-9, respectively. These values were lower for
VEGF and MMP-2 (Table 2; Fig. 3a—c). Furthermore, when combina-
tion of (i) IL-8 and MMP9 and (ii) IL-8 and age were used as criteria,
the positive likelihood ratio was found to be 3.3 and 5.6, respectively
(Table 2; Fig. 4a-b). These results suggested that when both variables
(i) IL-8 and MMP-9, and (ii) IL-8 and age when used together, there
is better probability of prognosticating metastatic development in non-
metastatic patients. Out of these combinations, age and IL-8 together
showed better set of variables to prognosticate metastasis development
in non-metastatic patients.
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Fig. 4. Nomograms considering the cut-off values of (a) IL-8 and MMP9 and (b) IL-8 and age to determine the diagnostic ability of the markers to prognosticate

metastasis in non-metastatic patients after follow-up.

4. Discussion

In this study, the variables (age and levels of serum VEGF, MMP2, IL-
8 and MMP9) in non-metastatic patients reported in our previous report
[18] were re-analyzed after median follow-up period of 29.2 months.
After follow-up, the patients were categorized into metastatic/non-
metastatic patients and variables were used to prognosticate metas-
tasis development in non-metastasis patients (Table 1). In our analy-
sis, prognosis was done by considering non-metastatic as controls and
metastatic patients as diseased condition. It was observed that levels
of serum VEGF and MMP2 in metastatic patients did not show sig-
nificant difference when compared with non-metastatic patients. On
the contrary, VEGF was significantly higher in metastatic than non-
metastatic lung cancer patients in our previous study [18]. VEGF be-
ing a major angiogenic factor seems to be up-regulated during the pro-
cess of metastasis but not contributing in the prognosis of metasta-
sis development at non-metastatic stage of disease. MMP2 was neither
contributing in differential diagnosis of disease as reported previously
[18] nor in prognosis as observed in the present study. Our previous
in vitro results showed involvement of MMP-2 and MMP-9 in condi-
tioned medium induced epithelial-to-mesenchymal transition changes
and invasiveness in human lung adenocarcinoma cells (A549) [22].
This provided us basis to evaluate these analytes in serum samples of

metastatic and non-metastatic lung cancer patients. MMP-2 and MMP-9
are gelatinases known to be involved in extracellular matrix disassem-
bly, increased cell proliferation, invasion/migration and angiogenesis
in various cancer types including lung cancer [23]. However, in our
study, serum MMP-9 showed its prognostic ability for metastasis devel-
opment in non-metastatic patients but not MMP-2. These observations
may be associated with differential role of these MMPs in the process
of initiation/progression of metastasis. Such hypothesis gets supported
by literature suggesting a distinct role of MMP-9 in tumor angiogenesis
regulating the bioavailability of VEGF through acting as an angiogenic
switch [24]. Moreover, MMP-9 is known to be critical for the forma-
tion of the metastatic niche, which is most likely linked with its ability
to support angiogenesis through release of VEGF [25]. These thoughts
also get supported by our previous study which showed increased level
of serum VEGF in metastatic lung cancer patients than non-metastatic
subjects [18].

IL-8 values were significantly (p<0.02) higher in patients who de-
veloped metastasis during follow-up. This observation also gets sup-
ported by studies which showed IL-8 secretion in A549 cells asso-
ciated with their metastatic features [22,26] and its higher level in
NSCLC metastatic patients [27,28]. AUC value of IL-8 further con-
firms the ability of this biomarker in prognosticating the metastasis
development.
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It is observed that the metastatic patients have lower age but higher
MMP9 values compared to the non-metastatic patients during follow-up.
Further the MMP9 values in serum samples was shown to be associated
with advanced stage of NSCLC [29,30]. In agreement with these stud-
ies, our study also showed a higher number of metastatic patients when
MMP9 levels were higher at the time of diagnosis when the disease was
non-metastatic. The levels of these biomarkers were not affected signif-
icantly with the age of the patient (data not shown). In our observation,
the AUC value of MMP9 (0.72) has also indicated for its diagnostic abil-
ity of metastasis development. Furthermore, when other diagnostic test
parameters (like YI and nomogram analysis) were applied with cut-off
value of >1304 ng/ml, it showed promising results but the observa-
tion needs to be verified in higher number of samples. When both IL-8
(positive likelihood ratio 2.8) and MMP9 (positive likelihood ratio 2.2)
cut-offs were used together, a higher positive likelihood ratio (3.3) was
observed suggesting better ability of these biomarkers to prognosticate
the metastasis development.

It was earlier reported that patients at younger age (60-70 years) are
at higher risk for brain metastasis in NSCLC [31,32]. This is in agree-
ment with our results showing that the patients with lower age are more
likely to get metastasis (AUC value of 0.70) than the higher age patients.
In our study about 40 % patients were noted to have developed brain
metastasis. It is unclear why young patients have a higher brain metas-
tasis risk [33]. In seed and soil hypothesis of brain metastasis, Fidler
et al. suggested that better angiogenic microenvironment of brain in
young patients may contribute to a higher incidence of brain metasta-
sis [34]. Moreover, young patients may have better performance status
associated with longer survival, which may contribute in higher metas-
tasis incidence [33]. Similar to brain metastasis, in our study young pa-
tients also showed higher risk of bone metastasis. Possible mechanism
of bone metastasis suggested to be is due to higher bone marrow flow
along with circulating tumor cells in skeletal system in younger patients
[35,36]. Our study gets supported by another recent lung cancer study
which revealed that younger age was associated with the higher risk
of bone metastasis. One year increase in age was associated with a 3%
reduction in bone metastasis risk [37]. In our study, when age of <60
years was considered as criteria for YI and nomogram analysis, metas-
tasis development was predominantly noted in patients with lower age.
When age (positive likelihood ratio=1.56) and IL-8 (positive likelihood
ratio=2.8) were used together the positive likelihood ratio increased sig-
nificantly to 5.6 suggesting better ability of these variables in prognos-
ticating metastasis development in non-metastatic patients when these
two variables were used together.

The limited sample size in this study is associated with lower (~17%)
detection of early stage lung cancer patients [3]. With these limita-
tions, we attempted to prognosticate metastasis development in non-
metastatic patients based on serum biomarkers. Needless to mention
that compared to molecular biomarkers and tumor biopsy-based assays,
cytokine-based serum biomarkers provide patient friendly, economic
and convenient prognostic technique for clinical implementation.

5. Conclusion

In summary, our study showed that the combination of age and IL-8
could be used as a prognostic marker for development of metastasis in
early stage NSCLC. MMP9 along with IL-8 may also be a good prognostic
marker. However, for clinical translation of age as a variable in combi-
nation with these serum-based biomarkers for metastasis prognosis, a
multi-centric study with bigger patient cohort is required.
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