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In the tumor microenvironment, overexpression of check 
point molecules, such as program death ligand-1 (PD-L1) 
functions as a protector against the immune surveillance by 
T-cell through the interaction with program death-1 (PD-1) 
receptor (1). It has been found that PD-1 overexpressed on 
a variety of tumor-killing immune cells, such as monocytes, 
macrophages, cytotoxic CD8+ T cells, and dendritic cells 
has an active role in hijacking the antitumor immune 
response (2). Therefore, inhibition of PD-1 and PD-L1 
interaction would resurrect the tumor-killing effect of 
CD8+ T cells (3,4). The immunosuppressive regulatory T 
cells (Treg, CD4+ Foxp3+) also overexpress PD-1 receptor 
that favors immune suppression of tumor and negatively 
regulates CD8+ T cells (5,6). Thus, the use of PD-1 
inhibitors not only reactivate the function of CD8+ T cell 
but also downmodulate the function of Treg and tumor-
associated macrophage (TAM) cells through inhibition of 
mammalian target of rapamycin (mTOR)-Akt and Stat3 
signaling cascade (7) (Figure 1). Several clinical trials are 
ongoing using PD-1/PD-L1 therapies for NSCLC (e.g., 
nivolumab, pembrolizumab, atezolizumab, and durvalumab) 
(Figure 2). The use of immunotherapy has been a game 
changer in comparison to conventional cancer therapy as 
they can be personalized for individual therapy or can be 
combined with chemotherapeutics, targeted therapeutics 
and nanomedicines (9-13). 

In the N Eng J Med article, Forde et al. described a 

novel pilot study of 22 patients treated with neoadjuvant 
PD-1 inhibitor treatment to lung cancer (LC), followed 
by surgical resection of the leftover tumors. The PD-1 
inhibitor, Nivolumab that is clinically approved for renal cell 
carcinoma, metastatic melanoma, hepatocellular carcinoma 
has been first-time tested in resectable LC. In this study 
adult patients with stage I, II, IIIA LC were treated with 
nivolumab by intravenous administration at a dose of  
3 mg per kg of body weight every 2 weeks, with surgery 
planned approximately 4 weeks after the first dose (14).  
The safety, pathological response, molecular role of 
T-cell activation, the mutational burden in the tumor was 
evaluated in resected tumor samples. This regimen resulted 
in a few manageable side effects and induced an overall 
45% pathological response to patients as evaluated by 
immunohistological analysis.

 

Patient selection, therapeutic outcome and 
molecular analysis of the tumor

The study has been initiated from August 2015 through 
October 2016 with 22 patents and all patients received 
at least one single dose of nivolumab. Among the 22 
patients, 21 patients were eligible for the further study and 
underwent surgery for tumor resection. The patients had 
different phenotypes of LC including 62% (13 patients) 
with lung adenocarcinoma and 29% (29 patients) with 
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Figure 1 (A) Innate immune resistance is driven by activation of PI3K/Akt kinase and IL-6/STAT3 oncogenic signaling that up-modulate 
PDL-1 protein expression in tumor cells, resulting PD-1/PD-L1 complexation; (B) the adaptive immune resistance of cancer cells is the 
outcome of INF-γ responded PD-L1 expression. MHC and TCR interaction helps T-cell activation. Figure and legend were adopted with 
permission from reference (1). PD-L1, program death ligand-1; PD-1, program death-1; MHC, major histocompatibility complex; TCR, 
T-cell receptor.

Figure 2 Ongoing international clinical trials including Chinese patients. (A) Between January 01, 2013, and April 06, 2017, there were 270 
clinical trials of anti-PD-1/PD-L1 inhibitors for NSCLC that were registered on ClinicalTrials.gov. Among the 270 studies, 61 studies were 
performed in East Asia and 14 studies were performed in China (12 multinational trials and 2 trials that only evaluated Chinese patients); 
(B) the 14 clinical trials included six first-line studies, four second-line studies, two adjuvant therapy studies, and two phase I studies 
for only Chinese patients; (C) the classification of clinical trials in China according to the therapeutic agent, which includes nivolumab, 
pembrolizumab, atezolizumab, and durvalumab. The image and legend were adopted with permission from reference (8). PD-L1, program 
death ligand-1; PD-1, program death-1.
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squamous cell carcinoma. Ten percent (2 patients) had 
other types of pleomorphic carcinoma as determined by 
histological diagnosis. This study is supportive of the 
observation made by Yang et al., where authors found the 
mutation of BRAF, ROS1, KRAS and EGFR genes and the 
rearrangement of the EML4-ALK gene in 119 lung cancer 
patients in China (15). In neoadjuvant nivolumab study, it 
has been reported that 18 patients (86%) were either former 
or current smokers and 3 patients (14%) never smoked. 
All the enrolled patients including 11 females (52%) and 
10 males (48%) were above 60 years and had variability in 
tumor stages including 4 patients with stage I (19%), 10 
patients (48%) with stage II and 2 patients (10%) stage IIIA 
based on clinical disease condition.

The response of nivolumab on the patients was 
determined by computed tomography (CT) analysis and 
hemotoxin and eosin (H&E) staining after two preoperative 
doses of nivolumab. The data suggest that out of the 21 
patients 18 (86%) had stable disease, 2 patients (10%) had 
a partial response, and 1 (5%) had disease progression. 
Among the 21 patients, 20 patients had undergone surgical 
resection of tumor and postoperative diagnosis after  
12 months of surgery suggested that 16 patients (80%) were 
alive and disease free. The pathological response by H&E 
staining was done in 9 out of 20 patients. The histological 
analysis of the tumors isolated from 3 patients out of 9 
revealed 100% pathological response that was accompanied 
with no invasion of cell boundaries, no anaplasia, and no 
sign of mitotic nucleus as compared to nivolumab untreated 
tumor biopsy (16,17). To further evaluate the effect of 
nivolumab in patients multiplex immunofluorescence 
analyses were performed in tumor biopsy samples to 
ascertain the role of PD-L1, PD-1, tumor-associated 
CD68+ macrophages, FoxP3+ regulatory T cells, and CD8+  
T cells. The biopsy specimen data revealed that there were 
few PD-L1 positive intratumoral macrophages and the 
expression of PD-L1 and PD-1 were in close proximity to 
each other. The tumors were rich with infiltrated CD8+ 
and PD-1+ immune cells and some of the infiltrating 
immune cells expressed PD-L1 that suggests their role in 
inducing adaptive immune resistance to the tumor. Overall, 
the pathological response data suggests that nivolumab 
treatment was beneficial in both PD-L1+ positive and  
PD-L1− negative tumors. 

In this study, the whole exome sequencing was also 
performed with the resected tumor of 12 patients and the 
data indicate several valuable information such as, a median 
of 92 somatic mutations (range is 5 to 366) per tumor and 

TP53, KRAS, CDKN2A, ARID1A, and NOTCH1 were the 
mutated genes that drive that development of LC. Authors 
have reported that there is no alteration of immune-related 
gene of interest, including PDCD1, CTLA4, and JAK1/2. 
The dynamic antitumor response of T-cells in PD-1 
therapy depends on the abundance of tumor-specific T-cell 
clones and the function of complementarity-determining 
regions (CDRs) of T cells in the tumor milieu. CDR is 
the Fab domain of T cell receptors, where the antigens 
bind (18,19). The deep sequencing of T-cell receptor-β-
chain CDR3 region was performed to examine the effect 
of nivolumab treatment in accumulating different clones 
of T-cells in tumor and peripheral blood of 3 patients with 
the major pathological response and 6 patients without a 
major response (20,21). The data showed that the tumor 
with a greater pathological response had a higher number 
of T cells both in intratumor and peripheral regions. 
Authors have identified mutation associated neoantigens 
of T cells to explain the antitumor immunity of PD-1 
blockage. The antigen-recognition assay was performed 
with T-cell clones after peptide stimulation with the use 
of 47 algorithm-prediction. The frequency of T cell in 
nivolumab treated tumor is significantly higher in case of 
“tumor before the resection” as compared to “resection 
normal lung” or “resection involved lymph node” or 
“resection uninvolved lymph node”. The significant 
findings of this study where the pathological response of 
nivolumab treated patients on early-stage lung cancer that 
was associated with increased tumor mutational burden 
as well as the significant response to PD-1 blockade in 
patients with advanced resectable NSCLC. One of the 
limitations of this study was the small patient numbers 
that could skew the validity of the improvement of the 
neoadjuvant treatment. Thus, larger studies are required 
with neoadjuvant as a single therapy and in combination 
with other chemotherapeutic drugs. The through safety 
analysis and immune-related adverse events (IRAE) 
evaluation is required for curing the high gene mutation 
containing lung cancer.  
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