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Abstract
Background  It is known that there are insufficient prognostic factors for non-small cell lung cancer (NSCLC). It was reported 
that PD-L1 was a prognostic factor for NSCLC,and c-Myc regulated the expression of PD-L1. Herein, we investigated c-Myc 
and PD-L1 expression and their association with overall survival (OS) in NSCLC.
Methods  Formalin-fixed paraffin-embedded specimens were obtained from 128 patients with surgically resected primary 
NSCLC. Immunohistochemistry was used to assess the expression of PD-L1 and c-Myc in this study. Pearson’s Chi squared 
test or Fisher’s exact test was used to analyze the correlation of the expression of PD-L1 and c-Myc with clinicopathologic 
features. The relationship between OS and the expression of PD-L1 and c-Myc was evaluated by the Kaplan–Meier method 
and Cox proportional hazards model, respectively.
Results  Positive expression of PD-L1 was detected in 59 patients (46.1%). Patients with negative expression of PD-L1 
had remarkably longer OS than those with positive expression of PD-L1. The positive expression rate of c-Myc in NSCLC 
accounted for 58.6% (75/128) and its expression was significantly more frequent in males (p = 0.002) and patients with lymph 
node metastasis (p = 0.029). PD-L1 expression was positively correlated with c-Myc expression (r = 0.459, p < 0.001). The 
PD-L1 and c-Myc double-positive group had a worse prognosis than other subgroups (p < 0.05), and the PD-L1 and c-Myc 
double-negative group had a better OS than other subgroups (p < 0.05).
Conclusion  Conjoint analysis of the expression of PD-L1 and c-Myc was a better prognostic approach for NSCLC patients.
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Introduction

Lung cancer is the most common cause of death by cancer 
worldwide (Siegel et al. 2012). Every year, 1.82 million peo-
ple are diagnosed with lung cancer, and 1.6 million people 
die of this disease (Ferlay et al. 2015). The 5-year survival 
rate is less than 15%. Although new targeted therapies are 
being developed for lung cancer, the literature contains 
limited data regarding c-Myc and programmed cell death 
ligand-1 (PD-L1) in lung cancer.

The Myc oncogene family of transcription factors con-
tains c-Myc, N-Myc, and L-Myc. The c-MYC protein is 
encoded by the c-Myc gene, which plays a crucial role in 
cell proliferation, differentiation, tumorigenesis, and apop-
tosis (Nesbit et al. 1999). Recent work indicated that the 
proto-oncogene product of c-Myc can activate and repress 
the transcription of discrete gene sets, resulting in changes 
to the cellular state that can provide feedback on all RNA 
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production and turnover (Sabo et al. 2014). Even so, the 
mechanism of c-Myc in human cancer is not entirely clear. 
Myc was strongly proved to be a prognostic marker in 
patients with early-stage lung adenocarcinoma (Iwakawa 
et al. 2011). Additionally, expression of c-Myc continually 
appears in human cancers and is correlated with aggressive, 
poorly differentiated tumors and poor clinical outcome (Nes-
bit et al. 1999; Lin et al. 2012; Dang 1999; Henriksson and 
Luscher 1996). Previous studies reported c-Myc target genes 
in various tumor cells (Dang et al. 2006; Kim et al. 2006; 
Schlosser et al. 2005). Moreover, c-Myc was also considered 
as a representative target for future therapeutic intervention 
of non-small cell lung cancer (NSCLC) (Rapp et al. 2009).

Patients with advanced lung cancer are often resistant to 
existing therapies in NSCLC. Recently, researchers focused 
their attention on programmed death 1/programmed cell 
death ligand-1 (PD-1/PD-L1). After a considerable amount 
of research was performed, it was discovered that PD-L1 was 
expressed in various tumors, including NSCLC, bladder can-
cer, renal cell carcinoma, and melanoma (Chae et al. 2016; 
Wu et al. 2016; Choueiri et al. 2014; Merelli et al. 2014). 
Previous studies (Cooper et al. 2015; Velcheti et al. 2014) 
had emphasized PD-L1 expression as a favorable prognos-
tic factor for overall survival (OS) in NSCLC, as opposed 
to two meta-analyses (Wang et al. 2015; Pan et al. 2015). 
c-Myc inactivation in mouse tumors downregulated CD47 
and PD-L1 expression and enhanced the anti-tumor immune 
response. There has been growing interest in analyzing their 
contribution to the prognosis of NSCLC.

Materials and methods

Patients and samples

Samples were collected from the archives of the Institute 
of Pathology, the Fifth Affiliated Hospital of Sun Yat-sen 
University. Surgical resection with curative intent was per-
formed on 128 patients who were enrolled between Sep-
tember 2002 and December 2012. Formalin-fixed paraffin-
embedded blocks were retrieved, and the corresponding 
slides from all samples were re-reviewed by very prestigious 
respiratory pathologists in China who were blinded as to the 
outcome. Clinicopathologic characteristics collected from 
the original pathology reports included sex, age at diagno-
sis, tumor histology, tumor differentiation, and pathologic 
tumor–node–metastasis (TNM) stage, in accordance with 
the 7th edition of the Union International Cancer Control 
(UICC) TNM staging system for lung cancer.

Immunohistochemistry

For the immunohistochemistry analysis, 2-μm-thick patho-
logical tissues were deparaffinized in xylene and rehydrated 
with graded ethanol, and were then unmasked with anti-
gen retrieval buffer (MVS-0099, Maxim ethylenediami-
netetraacetic acid (EDTA) buffer, pH 8.0) in an autoclave 
for 15 min at 120 °C. Subsequently, 3% H2O2 was used to 
block endogenous peroxidase activity for 30 min. Tissues 
were incubated at 4 °C in rabbit monoclonal PD-L1 anti-
body E1L3 N (#13684, Cell Signaling Technology, Dan-
vers, USA) at 1:200 dilution, and then in mouse monoclonal 
c-Myc antibody 9E10 (#sc-40, Santa Cruz Biotechnology, 
California, USA) at 1:100. Tissues were subsequently 
washed with phosphate-buffered saline (PBS) three times for 
5 min each time. According to the manufacturer’s instruc-
tions, tissue sections were incubated with secondary anti-
bodies of the Envision Plus kit detection system, followed 
by incubation with enhanced polymer 3,3′-diaminobenzi-
dine (DAB) from a detection kit (Maxim Biotech, Fuzhou, 
China). Tissues were then counterstained with hematoxylin. 
After washing, slides were dehydrated using graded ethanol 
and then mounted with coverslips.

Assessment of c‑Myc and PD‑L1 expression

Semi-quantitative scoring was used to analyze the expres-
sion of PD-L1. According to the dyeing intensity, the grad-
ing is as follows: non-dyeing scored 0, light yellow scored 
1, brown yellow scored 2, brown scored 3. And five visual 
fields were randomly selected under high power microscopy 
(× 400). The mean values were taken to calculate the per-
centage of positive tumor cells in all the visual fields. The 
percentage of positive tumor cells in the visual field < 1% 
scored 0, 1–5% scored 1, 5–50% scored 2, 51–75% scored 
3, and 76–100% scored 4. PD-L1 expression was considered 
positive if the multiplication of the two indices was > = 1. 
PD-L1 positivity was determined using an expression 
threshold level of ≥ 1% (Nakashima et al. 2012a). The sam-
ple was classified as positive for c-Myc expression when 
the standardized c-Myc expression was ≥ 40% (Nakashima 
et al. 2012b).

Statistical analysis

The Pearson’s Chi-square test or Fisher’s exact test was used 
to analyze the correlation between the expression of PD-
L1/c-Myc and the clinicopathological features, and the cor-
relation between PD-L1 and c-Myc. Overall survival (OS) 
was defined from the date of the initial operation until the 
date of death or last follow-up. The association between 
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PD-L1/c-Myc expression and overall survival was analyzed 
by the Kaplan–Meier method and the log-rank test. The 
Cox proportional hazard model was used for univariate and 
multivariate analyses to assess c-Myc and PD-L1 expres-
sion related to overall survival with hazard ratios (HRs) and 
associated 95% confidence interval (CIs). All calculations 
were performed using SPSS software version 20.0 (IBM, 
Armonk, NY, USA), plotted with GraphPad Prism 6.0 soft-
ware, with p < 0.05 as statistically significant. All tests were 
two sided.

Results

Patient characteristics

The results of c-Myc and PD-L1 immunohistochemical 
staining, along with the clinicopathologic characteristics, 
are shown in Table 1. Of 128 enrolled patients, 52 were 
females and 76 were males, with median age of 55.8 years 
and mean follow-up time of 43.6 months. There were 79 
patients in TNM stage I + II and 48 patients in TNM stage 
III + IV at the time of their initial surgery; the TNM staging 
of one patient was unknown. Patients with advanced disease 
underwent palliative treatment according to the principles 
of lung cancer guidelines. In view of the medical situation 
in China (especially 20 years ago), some stage IV patients 
accepted surgery and some of them did benefit from the 
surgery as well. According to the pathological type, there 
were 40 patients with squamous cell carcinoma, 73 patients 
with adenocarcinoma, and 15 patients with other pathologi-
cal types (including adenosquamous carcinoma, mucoepi-
dermoid carcinoma, lymphoepithelioma-like carcinoma) of 
NSCLC. Unknown data were not included in the calculation. 
The cases enrolled between September 2002 and Decem-
ber 2012 were not treated with anti-PD-1/PD-L1 therapy 
(for the inhibitor of PD-1/PD-L1 was not approved for use 
in China until 2018, they were not treated with anti-PD-1/
PD-L1 therapy) and were not performed mutation analy-
sis (mutation analysis is an unconventional test for patients 
with NSCLC, so we did not include mutation analysis in the 
study). And some of the patients accepted targeted therapy, 
which would not influence our research. So, these were not 
analyzed as additional factors.

Expression of PD‑L1 and c‑Myc in NSCLC

Among the 128 NSCLC sections, 59 exhibited positive 
expression of PD-L1 (46.1%) and the positive expression 
rate of c-Myc in NSCLC was 58.6% (75/128). As shown 
in Fig. 1, the positive expression of PD-L1 was mainly 
located in the cell membrane and cytoplasm of tumor cells, 

and positive c-Myc expression occurred in the cytoplasm of 
tumor cells or cell nucleus.

Correlation between expression of PD‑L1 and c‑Myc 
and clinicopathological features

As shown in Table 2, the expression of PD-L1 in NSCLC 
was associated with pathological type (p = 0.008) and degree 
of differentiation (p = 0.021). Patients with squamous cell 
carcinoma were more likely to express PD-L1 than patients 
with lung adenocarcinoma (60.0% vs. 34.2%, p = 0.008), 

Table 1   Baseline characteristics of patients in NSCLC

SCC squamous cell carcinoma, ADC adenocarcinoma

Characteristics Count (N = 103)
N %

Sex
 Male 76 59.4
 Female 52 40.6

Age (in years)
 < 55 51 39.8
 ≥ 55 77 60.2

TNM stage
 I + II 79 61.7
 III + IV 48 37.5
 Other 1 0.8

Tumor stage
 T1 23 18.0
 T2 67 52.3
 T3 29 22.7
 T4 4 3.1
 Other 5 3.9

Lymph node metastasis
 No 76 59.4
 Yes 44 34.4
 Other 8 6.2

Pathology or histology
 SCC 40 31.5
 ADC 73 57.0
 Other 15 11.7

Differentiation
 Poor 27 21.1
 Moderate 72 56.2
 High 12 9.4
 Other 17 13.3

PD-L1 expression
 Positive 59 46.1
 Negative 69 53.9

c-Myc expression
 Positive 75 58.6
 Negative 53 41.4
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and poorly differentiated NSCLC was more prone to PD-L1 
expression than the moderately or highly differentiated 
type (66.7%, p = 0.021). Conversely, sex (p = 0.073), age 
(p = 0.795), TNM stage (p = 0.445), T stage (p = 0.502), 
and lymph node metastasis (p = 0.090) were irrelevant with 
PD-L1 expression.

By contrast, c-Myc expression in NSCLC was more com-
mon in male patients (69.7%, p = 0.002) and patients with 
lymph node metastasis (70.5%, p = 0.029). c-Myc expres-
sion was not significantly correlated with age (p = 0.746), 
TNM stage (p = 0.062), T stage (p = 0.256), pathological 
type (p = 0.227), or differentiation (p = 0.310).

Correlation between PD‑L1 expression and c‑Myc 
expression in NSCLC

There were 49 tissue sections that exhibited double-positive 
PD-L1 and c-Myc expression in NSCLC, and 43 sections of 

double-negative expression. Chi-square test analysis showed 
that PD-L1 expression was positively correlated with c-Myc 
expression (r = 0.459, p < 0.001, Table 3).

Prognostic impact of c‑Myc and PD‑L1 expression 
in NSCLC

The median overall survival (OS) of all enrolled 128 
patients in NSCLC was 37 months. As shown in Fig. 2a, the 
Kaplan–Meier curve displayed a significant prolongation of 
OS in the PD-L1-negative group compared with the PD-
L1-positive group (median OS: 96 months vs. 37 months, 
p = 0.001). Similarly, the effect of c-Myc expression on OS 
in patients with NSCLC was statistically significant. As 
shown in Fig. 2b, the survival of patients in the c-Myc posi-
tive expression group was significantly shorter than that of 
the negative group (median OS: 42 months vs. 98 months, 
p = 0.002). Furthermore, patients with both positive 

Fig. 1   Representative images 
of PD-L1 and c-Myc staining in 
NSCLC. Representative images 
on NSCLC showed PD-L1 
negative staining (a), positive 
staining (c), and enlarged posi-
tive staining (d), respectively, 
by IHC; representative images 
on NSCLC showed c-Myc 
negative staining (b), positive 
staining (e), and enlarged posi-
tive staining (f), respectively, 
by IHC (The red arrow showed 
the specific location of positive 
expression). Original magnifica-
tion: a, b, c and e panels × 200, 
d, f panel × 400 (n: size of the 
group)
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expression of c-Myc and PD-L1 (double-positive expres-
sion) had significantly worse prognosis than other subgroups 
(p < 0.001; Fig. 7).

Univariate analysis indicated that the risk of death was 
significantly higher in those with c-Myc positive expression 
than in those with c-Myc negative expression (HR = 2.314, 
95% CI 1.353–3.957, p = 0.002). The hazard ratio of the 
PD-L1 positive expression group was 2.384-fold greater 

Table 2   Patients characteristics 
and their association with 
PD-L1 and c-Myc expression

The expression of PD-L1and c-Myc was expressed as a percentage (%)
SCC squamous cell carcinoma, ADC adenocarcinoma

Characteristic PD-L1 expression p value c-Myc expression p value

Negative Positive Negative Positive

Sex 0.073 0.002
 Male 36 (47.4) 40 (52.6) 23 (30.3) 53 (69.7)
 Female 33 (63.5) 19 (36.5) 30 (57.7) 22 (42.3)

Age (years) 0.854 0.746
 < 55 28 (54.9) 23 (45.1) 22 (43.1) 29 (56.9)
 ≥ 55 41 (53.2) 36 (46.8) 31 (40.3) 46 (59.7)

TNM stage 0.445 0.062
 I + II 45 (57.0) 17 (43.0) 38 (48.1) 41 (51.9)
 III + IV 24 (50.0) 24 (50.0) 15 (31.2) 33 (68.8)

Tumor stage 0.502 0.256
 pT1 11 (47.8) 12 (52.2) 8 (34.8) 15 (65.2)
 pT2 36 (53.7) 31 (46.3) 32 (47.8) 52.2 (35)
 pT3 18 (62.1) 11 (37.9) 12 (41.4) 17 (58.6)
 pT4 1 (25.0) 3 (75.0) 0 (0.0) 4 (100.0)

Lymph node metastasis 0.090 0.029
 No 45 (59.2) 31 (40.8) 38 (50.0) 38 (50.0)
 Yes 19 (43.2) 25 (56.8) 13 (29.5) 31 (70.5)

Pathology or histology 0.008 0.227
 SCC 16 (40.0) 24 (60.0) 15 (37.5) 25 (62.5)
 ADC 48 (65.8) 25 (34.2) 36 (49.3) 37 (50.7)

Differentiation 0.021 0.310
 Poor 9 (33.3) 18 (66.7) 9 (33.3) 18 (66.7)
 Moderate 43 (59.7) 29 (40.3) 33 (45.8) 39 (54.2)
 High 9 (75.0) 3 (25.0) 7 (58.3) 5 (41.7)

Table 3   Association of PD-L1 expression and c-Myc expression

Pearson r = 0.459, p < 0.001

c-Myc expression PD-L1 expression Count

Positive Negative

Positive 49 26 75
Negative 10 43 53
Count 59 69 128

Fig. 2   Kaplan–Meier curves of 
overall survival according to 
PD-L1 (a) or c-Myc (b) expres-
sion in NSCLC patients. OS 
overall survival, N size of the 
group (n: size of the group)
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than that of the PD-L1 negative group (95% CI 1.407–4.042, 
p = 0.001). Similar results were observed in those who 
were male (HR = 2.179, p = 0.005), had a higher TNM 
stage (HR = 2.624, p < 0.001), had lymph node metastasis 
(HR = 3.439, p < 0.001), and had squamous cell carcinoma 
(HR = 1.744, p = 0.048) (Table 4).

Multivariate analysis revealed that PD-L1 positive 
expression (HR = 2.136, 95% CI 1.194–3.819, p = 0.011) 
and higher TNM stage (HR = 2.685, 95% CI 1.546–4.665, 
p < 0.001) were independent risk predictors for poor prog-
nosis (Table 4).

The Kaplan–Meier method was used to investigate the 
effect of PD-L1 expression on the survival of patients with 
different clinicopathological features. The survival analysis 
and between-group differences were assessed by the strati-
fied log-rank test. As shown in Fig. 3a and c, males with pos-
itive PD-L1 expression had a shorter survival compared with 
these of negative PD-L1 expression (median OS: 33 months 
vs. 71 months, p = 0.003, Fig. 3c). In Fig. 3b, the two sur-
vival curves indicated that no statistical difference was seen 
in different levels of PD-L1 expression in female patients, 
p = 0.327. In the subgroup analysis of age ≥ 55 years with 

Table 4   The effect of clinicopathological characteristics, PD-L1 and c-Myc expression on overall survival

SCC squamous cell carcinoma, ADC adenocarcinoma
a Multivariate analysis without groups of double negative or double positive expression of c-Myc, PD-L1
b Multivariate analysis including groups of double negative or double positive expression of c-Myc, PD-L1

Subtype Univariate analysis Multivariate analysisa Multivariate analysisb

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Sex
 Female 1
 Male 2.179 (1.261–3.766) 0.005

Age (years)
 > 55 1
 ≥ 55 0.838 (0.503–1.396) 0.497

TNM stage
 I + II 1 1 1
 III + IV 2.624 (1.580–4.357) < 0.001 2.68 (1.546–4.665) < 0.001 2.797 (1.460–5.357) 0.002

Tumor stage
 pT1 1
 pT2 2.228 (0.933–5.321) 0.071
 pT3 3.298 (1.308–8.319) 0.011
 pT4 4.626 (0.925–23.128) 0.062

Lymph node metastasis
 No 1
 Yes 3.439 (1.972–5.999) < 0.001

Pathology or histology
 ADC 1
 SCC 1.744 (1.004–3.031) 0.048

Differentiation
 Poor 1
 Moderate 1.099 (0.574–2.104) 0.776
 High 0.333 (0.094–1.181) 0.089

PD-L1 expression
 Negative 1 1
 Positive 2.384 (1.407–4.042) 0.001 2.136 (1.194–3.819) 0.011

c-Myc expression
 Negative 1
 Positive 2.314 (1.353–3.957) 0.002

c-Myc, PD-L1 expression
 Double negative 1
 Double positive 3.133 (1.668–5.884) < 0.0001 2.494 (1.264–4.919) 0.008
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adenocarcinoma, patients with negative PD-L1 expression 
had statistically longer survival than those with positive 
PD-L1 expression, p = 0.001 (Fig. 3f), p = 0.035 (Fig. 3h), 
respectively.

Figure 4b, c shows that the survival of patients with neg-
ative PD-L1 expression was significantly longer than that 
of patients with positive PD-L1 expression, regardless of 
the TNM stage of lung cancer (p = 0.008 for early patients, 
p = 0.023 for advanced patients, individually). Figure 4f, 
i shows that patients with positive PD-L1 expression had 
significantly shorter overall survival than that with nega-
tive PD-L1 expression in lymph node metastasis and mod-
erate–high differentiation, separately (Fig. 4f, p = 0.041; 
Fig. 4i, p = 0.009). There were no significant differences 
in these subgroups for females (p = 0.327), age < 55 years 
(p = 0.100), squamous cell carcinoma (p = 0.541), nor-
mal lymph nodes (p = 0.070), and poor differentiation 
(p = 0.164).

Similarly, the Kaplan–Meier method was used to ana-
lyze the impact of c-Myc expression on overall survival 
of patients with different clinicopathological parameters. 
Figure 5b, c shows that in the subgroup analysis of females 

or males, c-Myc expression had no significant effect on 
the overall survival of patients with NSCLC (p = 0.217 
for females, and p = 0.061 for males). Patients who were 
over 55 years of age or with c-Myc positive expression 
had a worse prognosis as compared to patients with c-Myc 
negative expression (p = 0.003, Fig. 5f). It is reflected in 
Fig. 5h that the negative c-Myc expression group with lung 
adenocarcinoma had a higher survival advantage than the 
positive c-Myc expression group with lung adenocarci-
noma (median OS: 98 months vs. 55 months, p = 0.048), 
but no statistical difference was found for patients with 
squamous cell carcinoma (p = 0.230, Fig. 5i).

No significant correlation was observed between overall 
survival and c-Myc expression (Fig. 6b, p = 0.053; Fig. 6c, 
p = 0.236; Fig. 6f, p = 0.352; Fig. 6e, p = 0.131), which had 
no relationship with the staging of lung cancer or lymph 
node metastasis. According to Fig.  6i, a significantly 
longer survival was seen in patients with negative c-Myc 
expression rather than with positive c-Myc expression by 
the degree of differentiation (median OS: 96 months for 
moderately differentiated subgroups, 55 months for highly 
differentiated subgroups, p = 0.020).

Fig. 3   Survival analyses of NSCLC patients with and without PD-L1 expression according to sex (a, b, c), age (d, e, f), and histological type (g, 
h, i) (n: size of the group)
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Survival analysis of PD‑L1 and c‑Myc 
double‑positive expression

To assess the effect of PD-L1 and c-Myc expression on clini-
cal outcomes of patients with NSCLC, the Kaplan–Meier 
method was used. As shown in Fig. 7a, b, the overall sur-
vival of patients with PD-L1 and c-Myc double-positive 
expression was significantly shorter compared to the other 
subgroups (p = 0.000). As shown in Table 4, the hazard 
ratio of double-positive expression of PD-L1 and c-Myc 
group was 3.133-fold greater than that of the double-nega-
tive group (95% CI 1.668–5.884, p < 0.0001). Multivariate 
analysis (including double-positive expression of PD-L1 
and c-Myc group and double-negative expression of PD-L1 
and c-Myc group) revealed that double-positive expressions 
of PD-L1 and c-Myc (HR = 2.494, 95% CI 1.264–4.919, 
p = 0.008) and TNM stage (III + IV; HR = 2.797, 95% CI 
1.460–5.357, p = 0.002)were independent risk predictors 
for poor prognosis.

In summary, PD-L1 and c-Myc double-positive expres-
sion was inferior to PD-L1 or c-Myc single-positive expres-
sion, and PD-L1 and c-Myc double-negative expression was 
superior to PD-L1 or c-Myc single-negative expression for 
the prognosis of patients with NSCLC.

Discussion

This study found that conjoint analysis of the expression 
of PD-L1 and c-Myc was a better prognostic approach for 
NSCLC patients.

There are a number of studies indicating that PD-L1 pro-
tein is positively expressed in various tumor tissues, and it 
is an independent poor prognostic factor, not only in lung 
cancer tissue (Mu et al. 2011; Zhou et al. 2017), but also 
in renal cell carcinoma (Thompson et al. 2006), melanoma 
(Hino et al. 2010), bladder cancer (Nomi et al. 2007), and 
gastric cancer (Wu et al. 2006). In the current study, the 
PD-L1-positive group showed significantly shorter OS than 
the PD-L1-negative group. Oncogenic mutations, such as 
EGFRm + , can drive PD-L1 expression in NSCLC, which 
is then downregulated by treatment with EGFR-TKIs and 
leads to shorter OS (Akbay et al. 2013; Ilie et al. 2016). Guo 
et al. (2019) demonstrated that HIF-1α and NF-κB played 
important roles in regulating PD-L1 expression by EGFR 
mutants in NSCLC cells. However, some studies found that 
there was no significant association between PD-L1 expres-
sion and survival in NSCLC (Konishi et al. 2004; Schmidt 
et al. 2015), which may have occurred because the sample 
sizes of their studies were insufficiently large.

Fig. 4   Survival analyses of NSCLC patients with and without PD-L1 expression according to TNM staging (a, b, c), lymph node metastasis (d, 
e, f), and differentiation (g, h, i) (n: size of the group)
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We found that immunohistochemical staining for both 
proteins showed a higher positive rate than the other stud-
ies previously reported. The reasons that immunohisto-
chemical staining for both proteins showed a higher posi-
tive rate than the other studies previously reported may be 
as follows. Firstly, the methods for determining the score 
of the staining and the antibody for detecting the expres-
sion of PD-L1 are not uniform, leading to the inconsist-
ency of the results. Secondly, classical immunohistochem-
istry and semi-quantitative scoring methods were used to 
detect the expression of PD-L1. And the corresponding 
slides from all samples were re-reviewed by very prestig-
ious respiratory pathologists in China who were blinded 
as to the outcome. And it is unexpected to find that the 
patients with a poorly differentiated tumor have a better 
survival in both PD-L1 and c-Myc analysis than moderate-
high differentiation. In our view, the small proportion of 
patients with a poorly differentiated tumor to all patients 
of the research (27/128) may lead to this phenomenon. In 
addition, perhaps the patients with a poorly differentiated 
tumor included contained many other factors that were 
conductive to survival, such as young age, female or TNM 
stage I + II etc.

In the current study, we also found that the expression 
of PD-L1 was positively correlated with the expression of 
c-Myc. It was confirmed again that the expression of PD-L1 
was influenced by c-Myc as well. Casey et al. (2016) con-
firmed that c-Myc can bind to promoters of PD-L1 and 
CD47 in different types of tumors (including lymphoma/
leukemia, liver cancer, and lung cancer) and directly regulate 
their expression to achieve immune escape. After knock-
ing down the expression of c-Myc, the expression of PD-L1 
decreased. It was further discovered that c-Myc maintained 
tumorigenesis via regulating immunoregulatory molecules 
such as CD4 + T cells and macrophages. Similarly, Kim 
et al. (2017) found that the expression of PD-L1 was posi-
tively correlated with the expression of c-Myc in NSCLC 
cell lines. After knocking down c-Myc, the expression of 
PD-L1 decreased as well. Melaiu and his colleagues also 
found that c-Myc may be involved in regulating the expres-
sion of PD-L1 in neuroblastoma (Melaiu et al. 2017). In vivo 
and in vitro experiments showed that c-Myc regulated the 
expression of PD-L1, knocked down the expression of 
c-Myc, and inhibited the expression of Myc in neuroblas-
toma patients using JQ1, a BRD4 inhibitor. The results 
showed that the expression of PD-L1 decreased (Melaiu 

Fig. 5   Survival analyses of NSCLC patients with and without c-Myc expression according to sex (a, b, c), age (d, e, f), and histological type (g, 
h, i) (n: size of the group)
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et al. 2017). Atsaves showed that c-Myc and STAT3 regu-
lated the expression of PD-L1 at the transcriptional level in 
ALK-negative anaplastic large cell lymphoma (Atsaves et al. 
2017). These studies have shown that c-Myc can regulate 
PD-L1, and perhaps is involved in regulating the immune 
response effector of tumors.

The Kaplan–Meier curve showed that the total survival 
time of the c-Myc-negative group was significantly longer 
than that of the c-Myc-positive group, and the difference 
was statistically significant. Kaplan–Meier analysis showed 

that the prognosis of the PD-L1 and c-Myc double-positive 
expression group was worse than that of each subgroup, 
and the difference was statistically significant, which was 
consistent with the results of the Kim et al. (2017). Cox 
multivariate regression analysis showed that the positive 
expression of c-Myc had no significant effect on the clinical 
prognosis of lung cancer patients. Statistically speaking, this 
may be affected by mixed factors such as PD-L1 expression, 
gender, and TNM stage. However, what was clear was that 
Myc, as a proto-oncogene, was expressed in a variety of 

Fig. 6   Survival analyses of NSCLC patients with and without c-Myc expression according to TNM staging (a, b, c), lymph node metastasis (d, 
e, f), and differentiation (g, h, i) (n: size of the group)

Fig. 7   Kaplan–Meier survival 
curves of PD-L1 and c-Myc 
expression in NSCLC patients. 
The prognosis of patients with 
double-positive expression of 
PD-L1 and c-Myc was poor, 
p < 0.05 (n: size of the group)
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human cancer cells, which was related to the occurrence and 
development of a variety of tumors. The negative effects of 
Myc on the clinical benefit of lung cancer patients cannot be 
negated by the difference in the statistical results.

Recently, researchers used fluorescence in situ hybridiza-
tion (FISH) to detect c-Myc gene expression in patients with 
lung adenocarcinoma, suggesting that c-Myc gene expres-
sion is an independent predictor of poor overall survival and 
progression-free survival in patients with lung adenocarci-
noma (Seo et al. 2014). Therefore, in order to compensate 
for the shortcomings of this experiment, in the next step of 
our study, we will consider increasing the sample size and 
adopting more sensitive methods, such as FISH, to examine 
the expression of c-Myc.

In conclusion, conjoint analysis of the expression of 
PD-L1 and c-Myc was a better prognostic approach for 
NSCLC patients. It showed greater differences in survival 
and HR by two indices than by single one. Double staining 
of PD-L1 and c-Myc deserves further exploration in pre-
dicting the prognosis of patients with NSCLC in clinical 
practice in the future.
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