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Objectives: To elucidate the relationship between VEGFA and PD-L1 expression in lung adenocarcinoma (LADC).

Methods: PD-L1 and VEGFA expression were determined by immunohistochemistry with H-score on formalin-fixed paraffin-embedded resected LADC specimens of 129 cases.

Results: High PD-L1 expression in 53 (41.1%) patients, high VEGFA expression in 65 (50.4%), and co-expression in 18 (14.0%) were observed. Inverse correlation between expression of PD-L1 and VEGFA was found (P = 0.002, r = −0.274). VEGFA and PD-L1 expression were not significantly associated with the clinicopathological features. High PD-L1 expression was significantly association with all patients' poor progression-free survival and overall survival in a univariate analysis, but there was no significantly association with high VEGFA expression and prognosis. Co-expression of PD-L1 and VEGFA exhibited a worst overall survival compared to negative groups (P = 0.005).

Conclusions: These findings indicate that high PD-L1 expression could impact both poor overall survival and progression-free survival in patients with resected LADC. Co-expression of PD-L1 and VEGFA may be considered as an important prognostic factor for patients with resected lung adenocarcinoma.
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INTRODUCTION

Lung cancer is the most common and deadliest cancer worldwide (1). Non-small-cell lung cancer (NSCLC) accounts for approximately 80% of all patients, in which lung adenocarcinoma (LADC) is the most common. Although targeted drugs for driver gene mutations and immunotherapy in clinic have obtained a clinical benefit, prognosis for patients with LADC still remains unsatisfied (2). To improve the efficacy, it is of great importance to find ideal biomarkers to predict the progressive disease and overall survival of LADC patients.

In the last decade, inhibitors of PD-1 and its ligand PD-L1 were introduced into clinic. As a cell surface protein, PD-L1 is wildly expressed in variety of cells (such as immune cells, endothelial cells and tumor cells) and suppress immune-response lead by lymphocytes (3). Increased PD-L1 enhances tumor immune evasion and has been reported to be associated with a poor survival in various malignancies including lung cancer (4). With the development of anti-PD-1/PD-L1 inhibitors (such as nivolumab, pembrolizumab, ipilimumab), some clinical studies (5–8) have demonstrated excellent efficacy in patients with LADC, even in some with EGFR or ALK tyrosine kinase inhibitors (TKIs) resistance. Furthermore, it was found that high PD-L1 expression was closely correlated to a higher likelihood of objective response (OR) of anti-PD-1/PD-L1 in many studies (9, 10).

Like PD-L1, vascular endothelial growth factor (VEGF) is known as an immunosuppressive factor and plays an important role in tumor immune through promoting a tumor immunosuppressive microenvironment (11, 12). VEGFA, an important angiogenic factor in VEGF family, can exerts an important negative impact on immune cells' development and function (8). Some studies indicated that PD-L1 expression was significantly correlated with VEGF in clear cell renal carcinoma (13) and classical Hodgkin lymphoma (11). Additionally, over-expression of VEGFA has been confirmed in a majority of patients with NSCLC, some studies reported that there was a positive correlation between tumor vascularization and poor disease-free survival (DFS) or overall survival (OS) (14, 15).

Few studies reported that the connection between PD-L1 and VEGFA expression in patients with resected LADC. In the present study, we retrospectively reviewed on the data of patients with resected tissue of LADC and investigated the relationship between PD-L1 and VEGFA expression to further explore their potential efficacy-predictive value in anti-angiogenic therapy with immunotherapy and their prognostic significance.

MATERIALS AND METHODS

Patients and Samples

We retrospectively reviewed 129 patients with LADC (56 with wild type, 56 with EGFR mutations, 13 with KRAS mutations, 4 with ALK mutations) surgically treated in Tianjin Medical University Cancer Institute and Hospital between December 2011 and September 2016. The postoperative follow-up period ranged from 21 to 79 months (median: 47 months). The patients' inclusion criteria included: (1) complete following-up date; (2) without neoadjuvant therapy before surgery; Regarding to preoperative staging assessment, all patients underwent positron emission tomography-computed tomography (PET-CT) or enhanced chest CT, contrast-enhanced computed tomography (ECT) and brain magnetic resonance imaging (MRI) if they were necessary. Twelve patients with stage IVA refer to incidental pleural metastases detected at surgery and 20 patients with stage III were found incidental N2 nodes during surgery. The clinical data included age at diagnosis, sex, smoking history, gene mutation status, histological subtypes, clinical stage, and postoperative chemotherapy; all parameters were retrieved based on electronic medical records. Progression-free survival (PFS) was defined as the interval between the date of resection and the date of disease progression or death. The follow-up for patients' survival with documented disease progression were censored on the last follow-up date. Overall survival (OS) was defined as the interval between the date of resection and either death due to any cause or the last follow-up. All clinical information was obtained from medical records. The study was approved by the Tianjin Medical University Cancer Institute and Hospital's Ethics Committee and informed consent was obtained from all patients in verbal form.

Immunohistochemical Staining

Four micrometer thickness of tumor sections were deparaffinized and rehydrated. Antigen retrieval was performed at 130°C for 2 min, using EDTA solution (PH 11.0) for PD-L1, or citrate buffer (PH 6.0) for VEGFA. After blocking with 3% hydrogen peroxide and normal goat serum, the sections were incubated with primary antibody against PD-L1/CD274 antibody (66248-1-lg, Proteintech, USA) at dilution 1:1,200 or anti-VEGFA antibody (ab1316, Abcam, USA) at dilution 1:300 at 4°C overnight, followed by EIVISON plus (kit-9903, MXB, China), DAB kit (ZL1-9019, ZSGB-BIO, China) per the manufacturers protocol were used for coloration. Finally, the tumor sections were stained with hematoxylin and evaluated under a light-field microscope.

Image Analysis

To measure the PD-L1 and VEGFA expression by IHC, stained sections were digitally analyzed at x400 resolution using an Olympus BX-UCB. PD-L1 and VEGFA expression were scored by H-score system. An H-score (range, 0–300) was calculated as the sum of the product of the highest intensity of staining (0, negative; 1, weak positive; 2, moderate positive; 3, strong positive) and percentage of tumor cells positive (0–100%; with any intensity of positive staining) (12). Two clinical pathologists assessed the intensity of the immunostaining on each section independently and in a blinded manner. According to previous literatures (16), we set the cut-off value at 100, i.e., H-score >100 as a PD-L1 overexpression group (generally 2+ intensity in >50% of tumor cells); when considering the VEGFA expression (17), we set the cut-off value at 50, i.e., H-score >50 as a VEGFA overexpression group (generally 2+ intensity in >25% of tumor cells) (Figure 1).
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FIGURE 1. Images of immunohistochemical staining for PD-L1 and VEGFA expression in LADC. The staining strength of PD-L1 expression: (A) negative; (B) weak positive; (C) moderated positive; (D) strong positive; (E) VEGFA negative expression; (F) VEGFA positive expression; scale bar: 100 μm.



Statistical Analysis

Statistical analyses were performed using SPSS v.21 (IBM Corp, Armonk, NY, USA) and survival curve was performed with GraphPad Prism 6 (USA, GraphPad Software). The relationships between PD-L1/VEGFA expression and clinical features were compared using Fisher's exact test; the linear relationship between PD-L1 and VEGFA expression was determined using Pearson's test. Patients' survival was estimated by the Kaplan-Meier method and compared using the log-rank test. Multivariate and univariate analysis were performed using the cox proportional hazards regression model to calculate the hazard ratio (HR) and 95% CI. Two-tailed P < 0.05 was considered statistically significant.

RESULTS

Correlation of PD-L1 and VEGFA Expression With Clinic-Pathological Features

Baseline clinic-pathological characteristics of 129 LADC cases were summarized in Table 1. 61 (52.7%) patients were male; 25 (19.4%) patients were above age of 65; 57 (44.2%) patients were smokers; 92 (71.3%) patients were diagnosed as stage I/II; 41 (31.8%) cancer were characterized as acinar adenocarcinoma; high PD-L1 expression in 53 (41.1%) patients; high VEGFA expression in 65 (50.4%); 56 (43.4%) patients had EGFR mutations and 17 (12.2%) patients had other mutations including KRAS mutations and ALK mutations; 29 (38.2%) cases were in VEGFA-&PD-L1- group, 47 (61.8%) were in VEGFA+&PD-L1- group, 35 (66.0%) were in VEGFA-&PD-L1+ group and 18 (34.0%) were in VEGFA+&PD-L1+ group. No significant correlation of the PD-L1 or VEGFA expression and gender, clinical stage, age, histological subtypes, TNM, gene mutations, or smoking status were found (all P > 0.05) (Table 2).


Table 1. Clinical characteristics of 129 patients with LADC.
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Table 2. Relationship between VEGFA/PD-L1 expression and the clinical characteristics in 129 patients with LADC.
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However, we found that expression of VEGFA was negatively correlated with expression of PD-L1 (P = 0.002, r = −0.274) (Supplement Figure 1).

Correlation of PD-L1 and VEGFA Expression With Patients' Survival

PD-L1 and VEGFA expression were measured in 129 patients wherein 53 patients (41.1%) had high expression PD-L1 (H-score >100) and 65 patients (50.4%) had high expression VEGFA (H-score >50). In all patients, PD-L1high group showed a significant negative impact on the OS (P = 0.024) and PFS (P = 0.018) (Figure 2); however, high VEGFA expression was no significantly correlated with unfavorable OS (P = 0.190) and PFS (P = 0.325) in all patients (Supplement Figure 2).
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FIGURE 2. Association with PD-L1 expression and OS or PFS. There was a significant poor OS (A) and PFS (B) in PD-L1high expression group. High PD-L1 expression has a significant unfavorable OS (C) and PFS (D) in patients with wild type, but no significant impact on patients' OS (E,G) and PFS (F,H) with EGFR mutations.



Therefore, we further investigated the association between the expression of PD-L1 and survival in different subgroups. Firstly, we found high PD-L1 expression was not significantly correlated with adverse survival in patients of clinical stage I/II, in contrast, significantly correlated with poor OS (P < 0.010) and PFS (P < 0.001) in stage III/IV. Secondly, same result was found in patients with acinar adenocarcinoma, i.e., high PD-L1 expression was significantly correlated to an adverse PFS (P < 0.001), but not to poor OS (P = 0.129) or PFS (P = 0.291) in patients with non-acinar adenocarcinoma (Figure 3). Thirdly, we found high PD-L1 expression was no significantly correlated with OS (P = 0.698) and PFS (P = 0.142) in all gene mutations patients (EGFR, ALK, or KRAS). Because it was insufficient to analyze the relationship between PD-L1 expression and prognosis in only 17 (12.2%) patients with KRAS or ALK mutations, correlation between PD-L1 expression and survival in KRAS or ALK mutations group was not analyzed. However, we found that PD-L1 high expression has no significant impact on OS (P = 0.721) and PFS (P = 0.653) in patients with EGFR mutations; in wild type (WT) patients, PD-L1high expression caused a poor OS (P < 0.010) and PFS (P = 0.023) compared to PD-L1low cases (Figure 2).


[image: image]

FIGURE 3. Kaplan–Meier curves showing OS (A,C,E,G) and PFS (B,D,F,H) of different subgroups (clinical stage I/II, III/IV, acinar, or non-acinar adenocarcinoma, respectively) with high and low expression of PD-L1.



Finally, we found that high PD-L1 expression was as a poor prognostic role for PFS (P = 0.036) and OS (P = 0.004) in VEGFA+ group, but not a prognostic factor for OS (P = 0.165) and PFS (P = 0.078) in VEGFA- group. Concordantly, we found that VEGFA+&PD-L1+ group had the worst OS (P = 0.005) and PFS (P = 0.034) compared to other groups (VEGFA-&PD-L1-, VEGFA+&PD-L1-, or VEGFA-&PD-L1+) (Figure 4). Additionally, we failed to find a significant correlation between co-expression of PD-L1 and VEGFA and any clinical features (Supplement Tables 1, 2).
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FIGURE 4. Kaplan–Meier curves showing OS (A,C) and PFS (B,D) of different groups (VEGFA+ or VEGFA-) with high and low of PD-L1 expression, showing OS (E) and PFS (F) in patients with PD-L1–&VEGFA–, PD-L1+&EVGFA–, PD-L1–&VEGFA+ and PD-L1+&VEGFA+ expression.



In a univariate analysis on the all patients, six clinical characteristics were determined as unfavorable prognostic factors for PFS: clinical stage III/IV [HR = 6.552 (95% CI 3.852–11.145), P < 0.0001], high PD-L1 expression [HR = 3.143 (95% CI 1.106–1.864), P = 0.019], advanced TNM (>T2; >N0; M1; all P < 0.001) and co-expression of PD-L1 and VEGFA [HR = 2.907 (95% CI 1.082–4.067), P = 0.028]. Those factors were also determined as unfavorable prognostic factors for OS. In a multivariate analysis, co-expression of VEGFA and PD-L1 was a poor prognostic factor for OS [HR = 3.230 (95% CI 1.388–7.518), P = 0.007] and high PD-L1 expression was an unfavorable prognostic factor for PFS [HR = 2.163 (95% CI 1.124–4.163, P = 0.021], but only clinical stage III/IV was adverse factor for both OS [HR = 2.657 (95% CI 1.085–6.504, P = 0.032] and PFS [HR = 4.064 (95% CI 1.815–9.097, P = 0.001] (Table 3).


Table 3. Univariate and multivariate cox analysis of factors for progression-free survival and overall survival in patients with LADC.
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DISCUSSION

Recently, some clinical trials (6, 9) of PD-1/PD-L1 inhibitors have demonstrated durable clinical benefit in many patients. Several studies reported that the expression of PD-L1 is closely related to EGFR (18) mutations, KRAS (19) mutations, smoking history (19) and advanced tumor stage (18, 20), but we failed to define a significant correlation between PD-L1 expression and these clinical features in LADC, which is concordant with the results of other studies (20, 21). In addition, some studies suggested that VEGFA expression has a significant association with EGFR mutations, advanced clinical stage and lymph node metastasis (21). Similar to PD-L1 expression, in our patient cohort we didn't find a significant relationship between VEGFA expression and any clinical variables. Possibly due to the variety of cut-off value of PD-L1 and VEGFA positive expression in cancer, results of our study are different with that from previous some studies (positive PD-L1 ever defined as 1, 5, 10, or even 50%) (22, 23).

In the present study, we analyzed the correlation of PD-L1 and VEGFA expression and patients' prognosis. There was no significant correlation between VEGFA expression and survival found, as similar as the results in other studies (24, 25). But when considering PD-L1, we found a significant association between PD-L1 expression and prognosis. When analyzed in different subgroups, there was no significant association between PD-L1 expression and OS or PFS in patients with EGFR mutations; however, high expression PD-L1 has a significant correlation to poor OS and PFS in patients with wild type. These findings suggested that PD-L1 expression may be not a prognostic factor for survival in patients with EGFR mutations. A meta-analysis of three clinical trials (CheckMate057, POPLAR, and KEYNOTE-010) also found that patients with EGFR mutations did not represent a survival benefit from anti-PD-1/PD-L1 therapy compared with other treatment (26). Additionally, in patients with acinar adenocarcinoma and clinical stage III/IV, high expression of PD-L1 was associated with unfavorable OS and PFS, and other studies (27, 28) have found similar evidences.

The interesting finding from our study is that PD-L1 expression inversely related to the expression of VEGFA. About this issue, the traditional view is that VEGFA high expression will lead to vascular abnormalities, further aggravation of hypoxia and the activation of HIF-1a pathway in tumor tissues, which could result in increased expression of PD-L1 on tumor cells. According to this viewpoint there seems to be a close positive association between PD-L1 and VEGF expression in tumor tissues. Several studies also found that VEGF expression is positive associated with PD-L1 expression in clear cell renal cell carcinoma (13) and classical Hodgkin lymphoma (11). Nevertheless, other studies found that PD-L1 protein expression measured by IHC is inversely correlation with the mRNA expression of VEGFA in patients with clear cell renal cell carcinoma (29) and not associated with VEGF gene expression and patients' survival in angiosarcoma (30). In the previous study, no explanation of potential reason of such contradictory events and any report to observe the association among them in LADC were made. Here we suppose that a relatively normal vasculature is formed in tumor tissue with low expression of VEGFA (23, 31), which may lead to more immune cells infiltrating into tumor tissues, causing increased responding PD-L1 expression on tumor cells, therefore showing an opposite relationship between PD-L1 and VEGFA expression. Accordantly, some studies found that after blocking VEGFA, the expression of PD-L1 in tumor tissues will be upregulated in the preclinical model (32). Similarly, upregulation of PD-L1 has been found on both endothelial cells and tumor cells following treatment with anti-VEGFR2 therapy (33), which confirms the necessity of combination with anti-angiogenic and immunotherapy. It also explains from profile that a relationship between VEGFA and PD-L1 expression was not positively correlated. Of course, this is only an assumption and the underlying mechanisms need further to study.

Finally, we found that only 14.0% (18/129) patients revealed VEGFA+&PD-L1+, far fewer than the other types, but these patients had the worst prognosis compared to other groups. As far as we know, no study has reported this phenomenon in LADC, so we proposed another hypothesis: some LADC tumor cells in patients with co-expression of VEGFA and PD-L1 may have strong ability to evade from the attacks by immune cells, so even if few immune cells infiltrate into tumor tissue, through abnormal vasculature caused by high-expressed VEGFA, they can also cause “high-response” tumor cells to express high PD-L1. This explanation indicated that co-expression of PD-L1 and VEGFA may be as a predictor for high recurrent risk and poor prognosis. For these patients, the combination of anti-VEGF and anti-PDL1 could be an interesting treatment strategy. It also provides a theoretical possibility for screening optimal population to combination of anti-VEGFA and anti-PD-1/PD-L1 therapy. We also analyzed the relationship between co-expression of PD-L1 and VEGFA and clinical features, but failed to found a significant correlation between them and clinical features maybe due to only 18 patients with co-expression of PD-L1 and VEGFA.

Our study still has several limitations: 1. A similar limitation with other studies is the lack of standardized cut-off value of PD-L1 and VEGFA expression; 2. The amount of patient samples collected retrospectively were relatively small; 3. It should be emphasized that it is the initial and immature study to explore the correlation of VEGFA and PD-L1 expression in LADC; we demonstrated the correlation between them, but the underlying mechanisms is still unclear.

CONCLUSION

High expression PD-L1 is a poor factor on PFS and OS in patients with WT, clinical stage III/IV or acinar adenocarcinoma, but has no significant impact on patients with early stage and EGFR mutations. Expression of VEGFA is negatively correlated with the expression of PD-L1, but patients with co-expression of PD-L1 and VEGF will lead to significantly poor prognosis than negative ones. Our study also provides the theoretical possibility to screen optimal population of combination with anti-PD-L1/PD-1 and anti-VEGF therapy in LADC.
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