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Objective: This study aimed to investigate the diagnosis and prediction of serum platelet-

derived growth factor (PDGF) level in patients with lung cancer (LC).

Methods: Serum concentrations of PDGF-AA and PDGF-AB/BB were determined via

Luminex assay in 210 patients with non-small cell lung cancer (NSCLC), 33 patients with

small cell lung cancer (SCLC), and 168 healthy controls.

Results: The serum levels of PDGF-AA and PDGF-AB/BBwere lower in patients withNSCLC

(P < 0.05) and SCLC (P < 0.05), compared to healthy controls. The concentration of PDGF-AA

or PDGF-AB/BB continued to markedly decrease in NSCLC after therapy with platinum-based

chemotherapy (P < 0.05). The median survival times were 29 and 38 months in patients with

NSCLC who received PDGF-AA < 30 ng/mL and PDGF-AA ≥ 30 ng/mL (P = 0.0078), and 26

and 38months in patients with NSCLCwho received PDGF-AB/BB < 42 ng/mL and PDGF-AB

/BB≥ 42 ng/mL (P= 0.0001), respectively. At the individual protein level, PDGF-AAand PDGF-

AB/BB had better diagnostic values for NSCLC (AUC = 0.905, AUC = 0.922, respectively).

Conclusion: Serum PDGF may be a potential biomarker for diagnosis of patients with

NSCLC and SCLC. However, the prognostic value of serum PDGF in patients with NSCLC

harboring mutations and different therapies requires additional investigation.
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Introduction
Lung cancer (LC) is a type of malignancy with highmortality andmorbidity worldwide,1

with a low five-year survival rate (approximately 13%).2 In addition, the main cause of

mortality (up to 85% of LC) is due to non-small cell LC (NSCLC). Among patients with

LC who were previously treated via surgery, chemotherapy, and radiotherapy, those who

underwent surgery had significant improvement in prognosis at the early stage of

NSCLC.3 However, genetic and epigenetic changes to the cellular genome that led to

LC progression were found, such as the epidermal growth factor receptor (EGFR) gene,

which was demonstrated to activate mutations in approximately 10% to 40% of patients

with NSCLC.4 Therefore, biomarkers related to efficacy and prognosis of the disease

should be identified for patients with LC who may benefit from chemotherapy

regimens.5,6 Considering disease evolution and treatment strategy improvements, the

search for better biomarkers should be continued for the diagnosis, monitoring, and

prognosis of patients with LC.
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Platelet-derived growth factor is an important factor that

promotes the cell proliferation and transformation of several

types of cells and stimulates tumor angiogenesis through

mutual interactions with other pro-angiogenic factors.7,8

Platelet-derived growth factor comprises two linked chains

that can be assembled as a heterodimer or homodimer,9

known as PDGF-AA and PDGF-AB/BB according to the

linked chains involved. The recruitment of stroma associated

with cancer that produces angiogenic factors, and pericytes

associated with microvasculature stabilization, was affected

by PDGF-AA and PDGF-BB, respectively.10,11 Several stu-

dies have attempted to evaluate serum PDGF level to deter-

mine significant diagnostic or prognostic values of cancer,

including breast cancer,12 ovarian cancer,13 and colorectal

cancer.14 However, paradoxical results were found in the

literature.15,16 Only a few studies focused on PDGF, particu-

larly those who considered serum PDGF-AA or PDGF-AB

/BB level in patients with LC.

In this study, the serum concentrations of PDGF-

AA and PDGF-AB/BB were measured in a large panel

of patients with LC and in healthy individuals. In

addition, the relationship between PDGF-AA and

PDGF-AB/BB was investigated, as well as their clin-

icopathological variables and curative effects on

patients with NSCLC. Furthermore, the predictive

values of serum PDGF-AA and PDGF-AB/BB levels

were also estimated in patients with NSCLC following

platinum-based chemotherapy.

Materials and Methods
Serum Samples
The current study collected blood samples from 210

patients with NSCLC with a mean age of 61.0 years

(standard deviation, 11.3 years) and from 33 patients

with SCLC with a mean age of 63.2 years (standard

deviation, 9.5 years), at Jiangsu Cancer Hospital from

October 2011 to December 2012. Moreover, 168 healthy

controls from Yian Medical Examination Center in

Nanjing were included. These patients were enrolled in

a research protocol of the Research Center for Clinical

Oncology, approved by the Biomedical Research Ethics

Committee of Jiangsu Cancer Hospital. All participants

signed written informed consent. This study was con-

ducted in accordance with the Declaration of Helsinki.

Pre-treatment (surgery and/or chemotherapy) peripheral

blood samples were collected. Furthermore, blood samples

from patients treated with platinum-based chemotherapy

were also collected at three different intervals (ie, the

first, second, and third-months post-treatment). The speci-

mens from patients with NSCLC were divided into

a training group (106 patients and 83 healthy controls for

screening of diagnostic value) and a verification group

(104 patients and 85 healthy controls for identification of

diagnostic value) (Supplementary Table 1). Samples were

collected from patients with NSCLC, centrifuged at 4°C

for 10 min, and stored at –80°C until use. The selection

criteria for patients with LC were consistent with the

above description.17

Luminex Assays
Luminex kits for human neurodegenerative disease panel

three (PDGF-AA and PDGF-AB/BB) were acquired from

Millipore (cat. no. HNDG3MAG-36K) (Millipore Inc

Billerica, MA, USA) and performed according to manufac-

turer instructions. Pre-treatment of serum samples and para-

meters in a FLEXMAP3D (Luminex, TX, USA) were similar

to previous reports.18 Median fluorescence intensity (MFI)

was determined and used to estimate serum concentration of

PDGF-AA and PDGF-AB/BB. Protein concentrations were

calculated according to the standard curve using a known

concentration.

Statistical Analysis
The differences between the two groups were examined,

and a t-test or Mann–Whitney test was used to compare

the median values between the patient groups. The com-

parisons (≥3 groups) were performed through one-way

analysis of variance followed by pair-wise comparisons

using Bonferroni posthoc testing. P < 0.05 was considered

statistically significant. Diagnostic power was assessed

using the receiver operating characteristic (ROC), and the

area under curve (AUC), sensitivity and specificity were

calculated. Positive predictive value = [true positive/(true

positive+false positive) * 100%] and negative predictive

value = [true negative/(true negative+false negative) *

100%]. The overall survival (OS) was calculated as the

interval from the time of diagnosis to death from any cause

and illustrated by survival plots using GraphPad Prism v.5

software.

Results
Serum PDGF Levels in Patients with LC
Serum PDGF-AA and PDGF-AB/BB were measured in 168

healthy controls and 243 pre-treated patients with LC,
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including 210 NSCLC and 33 SCLC. The serum levels of

PDGF-AAwere 41.5, 35.1, and 53.0 ng/mL in the NSCLC,

SCLC, and healthy control groups, respectively (Figure 1A).

Contrastingly, the serum concentrations of PDGF-AB/BB

were 97.4, 57.1, and 50.8 ng/mL in the control, NSCLC,

and SCLC groups, respectively (Figure 1B).

Median concentrations of serum PDGF-AA and

PDGF-AB/BB were conspicuously lower in patients with

NSCLC and SCLC than among those in healthy controls

(P < 0.01) (Figure 1). Compared to healthy controls, the

mean serum concentrations of PDGF-AB/BB decreased

approximately two-fold in patients with NSCLC (P =

1.4E-22) and SCLC (P = 6.5E-8) (Figure 1B). No signifi-

cant difference was observed in the serum concentration of

PDGF-AA or PDGF-AB/BB between patients with

NSCLC and SCLC; however, PDGF-AA or PDGF-AB

/BB levels in SCLC were even lower than those in

NSCLC (P > 0.05).

Logistic regressions were performed using the PDGF-

AA and PDGF-AB/BB concentrations as a dependent vari-

able, whereas sex and age were used as covariates. After

adjusting by age and sex, PDGF-AA was shown to be

significantly associated with NSCLC (OR = 0.987, P =

0.002677), but not with SCLC (OR = 0.980, P = 0.159)

(Supplementary Table 2–1). However, PDGF-AB/BB was

significantly associated with both NSCLC (OR = 0.977,

P = 1.66E-14) and SCLC (OR = 0.966, P = 0.000756)

(Supplementary Table 2–2)

Relation Between Serum PDGF and

Clinicopathological Characteristics
In individuals with LC, a sufficient number of patients were

examined for PDGF-AA and PDGF-AB/BB differences

according to various clinicopathological characteristics

(Table 1). Logistic regressions of joint effects for clinical

events between serum PDGF and 243 patients with LC

were analyzed in Table 2. As shown in Table 1, the serum

concentration of PDGF-AA was lower in stage IV than in

stage I to stage III patients for NSCLC (P < 0.05).

However, serum PDGF-AB/BB levels were prominently

lower in stages I and II than in stages III and IV patients

with NSCLC (P < 0.05). There were no conspicuous differ-

ences in the PDGF-AA or PDGF-AB/BB concentration

between limited and extensive patients with SCLC (P >

0.05). As shown in Table 2, the concentration of PDGF-AA

and PDGF-AB/BB played important roles in joint effects

between PDGF and clinical events of LC patients.

As demonstrated in Figure 2A, a significantly lower

PDGF-AA level was observed in patients with NSCLC

with metastasis (P < 0.01), whereas serum PDGF-AA

level in patients with NSCLC with non-metastasis was

similar to the healthy control (P > 0.05). However, the

PDGF-AB/BB serum levels in NSCLC patients with non-

metastasis and metastasis were significantly lower than

those in the healthy control (P < 0.01) (Figure 2B).

PDGF Sequentially Decreased After

Therapy in Patients with NSCLC
Serum samples were available from 78 patients with

NSCLC treated with different chemotherapeutics at three

different intervals (ie, the first, second, and third-months

post-treatment), all of whom received platinum-based che-

motherapies with other drugs. Compared to pre-treatment,

PDGF-AA levels significantly gradually decreased (P <

0.01) in NSCLS patient sera obtained within the

first, second, and third month of treatment, with 0.74,

0.57, and 0.55 post/pretreatment fold change (FC), respec-

tively (Figure 3A). Serum PDGF-AB/BB levels also

showed similar decrease in patients with NSCLC within

the first, second, and third month of treatment with plati-

num-based chemotherapies (P < 0.01); however, there was

no significant difference at the first month following treat-

ment (P = 0.14) (Figure 4A).

Figure 1 Boxplots of serum PDGF-AA and PDGF-AB/BB in healthy controls and

patients. (A) The median value of PDGF-AA concentration in three different

groups. (B) The median value of PDGF-AB/BB concentration in three different

groups. Fold change (FC) and p-values are listed in the order of control vs SCLC,

control vs NSCLC, and SCLC vs NSCLC.
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Patients with NSCLC were divided into the taxane

group (platinum plus taxane), pemetrexed group (platinum

plus PEM), and a third other group (platinum plus various

other drugs), based on different therapy programs. The

longitudinal change of serum PDGF-AA and PDGF-AB

/BB for each individual is plotted in Figures 3B and Figure

4B. The data indicated that PDGF-AA and PDGF-AB/BB

concentrations continuously declined in most individuals

at the second and the third-months post-treatment among

the three groups. The PDGF-AA or PDGF-AB/BB con-

centrations increased quickly within the first month for

some individuals; however, PDGF-AA or PDGF-AB/BB

concentrations remained relatively high in a few indivi-

duals at the third month of treatment among the three

different treatment regimens. The degree of decline in

PDGF-AA levels in NSCLC patients treated with the

taxane regimen was more severe than for those enrolled

in the PEM regimen at the first and the second-months

post-treatment (P = 0.004 and P = 0.006, respectively;

Figure 3C). Similarly, patients treated with the taxane

regimen showed the highest degree of decline in PDGF-

AB/BB levels at the first, second and third-months post-

treatment among the three groups (P < 0.01; Figure 4C).

Diagnostic and Predictive Value of PDGF

in Patients with NSCLC
The clinical data of patients with NSCLC and the healthy

group are summarized in Supplementary Table 1. Area

under curve values were inspected for the ability of

PDGF-AA and PDGF-AB/BB protein to distinguish

patients from the healthy controls, by using these clinical

data except NSCLC patients with unknown date. At the

Table 1 Relation of Serum PDGF-AA and PDGF-AB/BB to Clinicopathological Characteristics of 243 Patients with Lung Cancer

(Concentration Unit: Ng/mL)

Group N PDGF-AA Mean (SD) P value PDGF-AB/BB Mean (SD) P value

Gender SCLC Male 29 39.6(23.4) 0.725 59.2(28.0) 0.4912

Female 4 35.7(18.1) 79.2(50.3)

NSCLC Male 148 47.9(25.9) 0.1578 70.1(39.9) 0.1181

Female 62 39.6(15.0) 57.9(35.9)

Age SCLC <70yr 24 39.5(25.3) 0.8674 59.5(27.2) 0.6163

>70yr 9 38.3(14.4) 67.2(41.3)

NSCLC <50yr 29 53.8(26.8) 0.067 73.0(47.9) 0.407

50-70yr 131 47.4(24.4) 66.0(34.1)

>70yr 50 40.2(20.4) 61.4(37.8)

Stage SCLC Limited 10 37.9(20.1) 0.5262 66.5(40.9) 0.6232

Extensive 15 33.1(14.3) 59.2(24.8)

Unknown 8 51.9(33.9) 60.2(31.5)

NSCLC Below III 20 59.5(42.1) 0.026 74.1(42.6) 0.044

III 32 54.9(28.9) 77.0(37.4)

IV 116 44.9(21.8) 50.9(27.3)

Unknown 42 43.4(22.4) 60.7(34.5)

Metastasis SCLC Yes 10 35.1(14.7) 0.4166 58.6(20.4) 0.4581

No 12 40.6(16.6) 69.0(41.9)

Unknown 11 41.2(33.6) 56.3(26.3)

NSCLC Yes 111 46.6(21.9) 0.2613 68.2(39.4) 0.6312

No 64 50.2(27.6) 65.5(34.9)

Unknown 35 43.1(23.9) 59.0(33.4)

Response* NSCLC CR+PR 40 53.2(28.7) 0.0260 89.1(40.4) 0.0000

SD+PD 121 43.4(20.5) 55.3(26.0)

Unknown 49 48.6(27.6) 70.2(34.6)

Note: *Tumor response was evaluated according to the response evaluation criteria for solid tumors.37

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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individual protein level, PDGF-AA and PDGF-AB/BB

had better diagnostic value for NSCLC (AUC = 0.905,

AUC = 0.922, respectively) (Figure 5A). The combination

model with PDGF-AA and PDGF-AB/BB had an excel-

lent diagnostic potential for NSCLC (AUC = 0.923).

Meanwhile, the diagnostic sensitivity and specificity were

verified to be 81.0% and 92.9%, respectively. Positive

predictive value was 93.4% and negative predictive value

was 79.8% in the verification group (Table 3).

Table 1 shows 40 patients (19.0%) with complete

response (CR) or partial response (PR) and 121 patients

(57.6%) with stable disease (SD) or progressive disease

(PD). The level of PDGF-AA was significantly lower in

NSCLC patients with SD + PD than for CR + PR (P <

0.05). The PDGF-AB/BB concentration was most notably

lower in NSCLC patients with SD + PD than for CR + PR

(P < 0.001). As of January 2019, 22 patients with NSCLC

(10.5%) had survived for 72months. The three-year and five-

year survival rates were 28.1% (59/210) and 12.4% (26/210)

in patients with NSCLC, respectively. Furthermore, 13

patients with NSCLC (6.2%) underwent targeted therapy or

antibody therapy, such as gefitinib, icotinib, and avastin.

Following platinum-based chemotherapy, the median values

of PDGF-AA and PDGF-AB/BB were approximately

30 ng/mL and 42 ng/mL in NSCLC patients, respectively.

Therefore, among the variables evaluated, PDGF-AA

< 30 ng/mL and PDGF-AB/BB < 42 ng/mLwere determined

as independent factors for OS. The median survival times

were 29 and 38 months in patients with NSCLC with PDGF-

AA < 30 ng/mL and PDGF-AA ≥ 30 ng/mL, respectively

(P = 0.0078) (Figure 5B). Moreover, the median survival

times were 26 and 38 months in patients with NSCLC with

PDGF-AB/BB < 42 ng/mL and PDGF-AB/BB ≥ 42 ng/mL,

respectively (P = 0.0001) (Figure 5C). Low PDGF-AA (< 30

ng/mL) or PDGF-AB/BB (< 42 ng/mL) levels tended to be

associated with poor prognosis (Figure 5B and C). NSCLC

patients with lower PDGF-AA (< 30 ng/mL) or PDGF-AB

/BB (< 42 ng/mL) had a shorter life span by 9 to 12months in

terms of OS vs those with higher levels.

Discussion
In 2018, LC is still the malignant tumor with the highest

morbidity (11.6%) and mortality (18.4%) worldwide.19 It

is critical to identify biomarkers for early diagnosis to

assist in the monitoring of treatment and to effect good

prognosis for patients with LC. Early detection and

Table 2 Logistic Regression Analysis of Joint Effect for Clinical Events Between Serum PDGF and 243 Patients with Lung Cancer

Proteins Parameters OR (95% CI) P value

PDGF-AA NSCLC Concentration 0.946 (0.894, 0.009) 0.0493

Gender 0.115 (0.004, 2.378) 0.1848

Age 1.086 (1.033, 1.144) 0.0014

Gender & Age 1.060 (1.000, 1.133) 0.0627

Concentration & Gender 1.010 (0.985, 1.042) 0.4524

Concentration & Age 1.000 (0.999, 1.001) 0.1313

SCLC Concentration 0.661 (0.385, 1.010) 0.0861

Age 1.211 (0.872, 1.773) 0.2853

Gender & Age 0.752 (0.570, 0.951) 0.0221

Concentration & Gender 0.998 (0.862, 1.112) 0.9715

Concentration & Age 1.001 (0.999, 1.017) 0.1055

PDGF-AB/BB NSCLC Concentration 0.952 (0.915, 0.986) 0.00944

Gender 0.053 (0.002, 1.060) 0.066

Age 1.080 (1.021, 1.144) 0.00739

Gender & Age 1.079 (1.012, 1.166) 0.0327

Concentration & Gender 1.000 (0.984, 1.016) 0.9749

Concentration & Age 1.000 (0.999, 1.001) 0.165

SCLC Concentration 0.912 (0.719, 1.093) 0.3532

Age 1.408 (1.037, 1.974) 0.031

Gender & Age 0.803 (0.600, 1.067) 0.1099

Concentration & Gender 0.989 (0.908, 1.044) 0.7357

Concentration & Age 1.001 (0.998, 1.005) 0.5471
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therapy has been improved; however, prognosis remains

poor for patients with LC.20 In the present study, the levels

of PDGF-AA and PDGF-AB/BB were analyzed in a large

cohort of patients with LC and healthy controls, which

may be of great clinical significance for NSCLC and

SCLC. Both serum PDGF-AA and PDGF-AB/BB in pre-

treatment samples from patients with NSCLC or SCLC

were significantly lower than that of the healthy controls

(P < 0.01). In particular, the degree of decrease was severe

lower in serum PDGF-AB/BB than in PDGF-AA. The

combination model has the best diagnostic value for

NSCLC (AUC = 0.923), while PDGF-AA and PDGF-AB

/BB also possess good AUC (0.905 and 0.922, respec-

tively), suggesting PDGF is a potential biomarker for

NSCLC diagnosis.

Compared to normal or benign tumors, serum levels of

PDGF-AA and/or PDGF-BB were found to be elevated in

breast,12 colorectal,14 and esophageal cancer;21 however,

various studies have yielded inconsistent findings.15,16 The

reasons for these controversial findings remained unclear

and may be multifactorial. First, PDGF concentrations

may be inconsistent among different immunological

assays. Considering different antigenic determinants in

protein conformation, it is possible that different reagents

do not measure the same determinants of PDGF-AA and/

or PDGF-AA/BB protein. Second, horizontal data

provided more solid evidence in the present study, based

on the largest sample size for both patients and controls.

Many types of LC biomarkers were evaluated using the

same batch of patients and controls in the same library,

including DKK1, CEA, CYFRA21.1, OPN, and SAA.17,18

Elevated serum CEA, CYFRA21.1, OPN and SAA levels,

and depressed serum DKK1 levels have been found in the

same library for LC. Therefore, findings in which the

PDGF-AA and PDGF-AB/BB concentrations were

shown to decrease in LC may be more reliable. Finally,

contradictory results for PDGF-AA and PDGF-AB/BB

concentrations may be related to PDGF function. The

angiogenic effect of PDGF in tumor angiogenesis is

increasingly emphasized.22 PDGF-AA affects the recruit-

ment of tumor-associated stroma which produces angio-

genic factors.10 PDGF-BB promotes pericyte recruitment

and microvasculature stabilization,11,23 which makes it an

important component in angiogenesis.

PDGF-AA and PDGF-BB belong to the PDGF family,

which can combine with corresponding receptors (PDGFR)

on the cell membrane to exert biological effects.24

PDGF-AB can induce vascular endothelial cells that

express PDGFR-α, which will eventually express angio-

genic factors (such as VEGF) through the PDGFR-α path-

way and regulate the activity of microvascular endothelial

cells.25 Furthermore, PDGF-AB can also combine with

PDGFR-ββ to promote tumor angiogenesis.26 PDGF-AA

and PDGF-BBy in the PDGF family are secreted in the

form of homodimers or heterodimers. Subsequently, these

substances combine with three types of PDGF receptors,

which play an autocrine or paracrine role in the tumor and

its vascular growth and development.27 In the present

study, the results indicated that the PDGF-AA and PDGF-

AB/BB concentrations decreased in both NSCLC and

SCLC. It is possible that after PDGF-AA or PDGF-AB

/BB combined with PDGF receptors, the PDGF and

PDGFR compounds were insensitive to immunological

reaction that specifically detected PDGF-AA or PDGF-

AB/BB. As one of angiogenic factors, PDGF plays

a critical role in tumorigenesis, tumor progression, and

metastasis. PDGF released by tumor cells can induce the

proliferation and migration of vascular endothelial cells,

smooth muscle cells and tumor cells, and inhibit their

apoptosis. In addition, PDGF can avoid the killing effect

of chemotherapy drugs by increasing tissue gap pressure,

preventing liquid convection of capillaries, and reducing

the uptake of tumor cells against tumor drugs. Drained

PDGF-AA or PDGF-AB/BB inevitably led to low

Figure 2 Boxplots of serum PDGF-AA and PDGF-AB/BB in healthy controls and

NSCLC patients with metastasis (M-NSCLC) and non-metastasis (NM-NSCLC).

(A) The median value of PDGF-AA concentration in three different groups. (B) The
median value of PDGF-AB/BB concentration in three different groups. Fold change

(FC) and p-values are listed in the order of control vs M-NSCLC, control vs NM-

NSCLC, and M-NSCLC vs NM-NSCLC.
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PDGF-AA or PDGF-AB/BB concentrations in patients

with LC. A possible reason for this was that only a few

dissociative PDGF-AA or PDGF-AB/BB were detected in

LC patient serum except PDGF and PDGFR conjugate.

According to previous reports, PDGFR level clearly

increased in breast cancer and prostate cancer.28,29

The levels of most biomarkers are generally signifi-

cantly increased in NSCLC prior to treatment; however,

these biomarkers markedly decreased after treatment.

A small number of biomarkers significantly decreased in

NSCLC before treatment; however, they were observably

increased after treatment. In the present study, in contrast

to the tendency of most biomarkers, the PDGF-AA and

PDGF-AB/BB concentrations continued to decrease in

NSCLC after therapy at month one, two, or three.

However, according to longitudinal serum PDGF-AA or

PDGF-AB/BB in individual patients, the PDGF-AA or

PDGF-AB/BB levels among the minority of individual

patients increased after treatment at month one, two, or

three. Nonetheless, most patients still appeared to have

received no benefit from the therapy. One possible reason

for this is that treatments with platinum-based chemother-

apy were not the optimal strategy for NSCLC therapy. In

the past few decades, cytotoxic chemotherapy has only

slightly improved the survival of patients with metastatic

NSCLC. One of the important improvements in NSCLC

treatment has been the discovery of specific genetic altera-

tions that have dominated disease development.30 The

Figure 3 Influence of therapeutic regimens on serum PDGF-AA levels. (A) Boxplots of PDGF-AA in serum samples from pre-treatment (pre) and 1 month, 2-months and

3-months post-treatment (pos). (B) Longitudinal serum PDGF-AA in individual patients. Serum concentration of PDGF-AA is plotted on the Y-axis and sampling time after

therapy is plotted on the X-axis. Each dot represents a sample and different time points for the same patient is linked by a line. All: all patients with longitudinal samples are

included. PEM: patients treated with the PEM regimen are included. Taxane: patients with the taxane regimen are included. Other: patients treated with other regimens are

plotted. PEM represents treatment with platinum plus PEM (Pemetrexed) combined with platinum (DDP, LBP, CBP or NDP); taxane represents platinum plus taxane (PTX,

TAX, Abraxane, TXT, DOC) combined with platinum (DDP, LBP, CBP or NDP). (C) Mean change in the PEM, taxane and other treatment regimens relative to the pre-

treatment value. The fold change (FC) between post-treatment values and pre-treatment values are calculated and the mean fold increase in each treatment group was

plotted for three different time intervals (1month, 2-months and 3-months).
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activating mutation in the gene encoding EGFR has been

an important factor for precision therapy, such as deletion

in exon 19 and point mutation L858R in exon 21.31 In

addition, the most common mutations occur in the Kirsten

rat sarcoma virus (KRAS, 24% of cases), anaplastic lym-

phoma kinase (ALK, 3% of cases), v-raf murine sarcoma

Figure 4 Influence of therapeutic regimens on serum PDGF-AB/BB levels. (A) Boxplots of PDGF-AB/BB in serum samples from pre-treatment (pre) and 1 month, 2-months

and 3-months post-treatment (pos). (B) Longitudinal serum PDGF-AB/BB in individual patients. (C) Mean change in the PEM, taxane and other treatment regimens relative

to the pre-treatment value.

Figure 5 Diagnostic and predictive value of PDGF in patients with NSCLC. (A) ROC curves that evaluate the ability to distinguish LC patients from healthy controls. All: PDGF-AA

and PDGF-AB/BB. (B) Overall survival with high (≥ 30 ng/mL) and low (< 30 ng/mL) treatment serum PDGF-AA levels. Hazard ratio (high vs low) =1.260 (95%CI, 0.787–2.017). (C)

Overall survival with high (≥ 42 ng/mL) and low (< 42 ng/mL) treatment serum PDGF-AB/BB levels. Hazard ratio (high vs low) =1.489 (95% CI, 0.889–2.493).

Abbreviation: CI, confidence interval.
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viral oncogene homolog B1 (BRAF, 2% of cases), and

c-ros oncogene 1 (ROS1, 1% to 2% of cases) in patients

with NSCLC.32–35

More importantly, PDGF-AA and PDGF-AB/BB con-

centrations were associated with survival in patients with

NSCLC; however, these findings are controversial. While

the expression of PDGF-AA has already been proven to be

correlated with poor prognosis in other tumors,36 PDGF-

BB level is negatively correlated with the survival ratio of

patients.16 In the present study, lower concentrations of

PDGF-AA (< 30 ng/mL) or PDGF-AB/BB (< 42 ng/mL)

indicated shorter OS, which suggested PDGF-AA or

PDGF-AB/BB to be associated with predictive values in

patients with NSCLC. Although PDGF-AA and PDGF-

AB/BB concentrations continued to decrease in most

patients with NSCLC, 22 patients with NSCLC (10.5%)

showed survival > 72 months. It is possible that some

patients with NSCLC below stage Ⅲ may benefit from

platinum-based chemotherapy. In addition, targeted ther-

apy and antibody therapy, such as gefitinib, icotinib, and

avastin, can potentially improve the survival time of

NSCLC patients with gene mutations. The discrepancy

between results in the present study and previous research

regarding efficacy evaluation and survival may be partially

due to differences in the determination assays, individual

differences, population heterogeneity, and sample size.

The limitations of the present study should also be con-

sidered, including its retrospective character. Therefore,

a large-scale prospective analysis is needed to demonstrate

diagnostic value of PDGF-AA or PDGF-AB/BB as

a biomarker for NSCLC patients with mutations and

receiving different therapies.

Conclusion
Serum PDGF may be a potential biomarker for the diag-

nosis of patients with NSCLC and SCLC. The combination

model with PDGF-AA and PDGF-AB/BB had an excellent

diagnostic potential for NSCLC (AUC = 0.923). Notably,

PDGF-AA and PDGF-AB/BB were showed as useful bio-

markers of response to platinum-based chemotherapy in

NSCLC patients. PDGF-AA and PDGF-AB/BB concentra-

tions continued to decrease in NSCLC patients receiving

platinum-based chemotherapy. Compared to patients with

PDGF-AA ≥ 30 ng/mL and PDGF-AB/BB ≥ 42 ng/mL, the

median survival times were shorter among NSCLC patients

with PDGF-AA < 30 ng/mL and PDGF-AB/BB < 42 ng/

mL, which indicated poor prognosis in NSCLC patients. It

is necessary to further investigate the prognostic value of

serum PDGF-AA and PDGF-AB/BB in NSCLC patients

with mutations and enrolled in different therapies.
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