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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

This review try to describe the mai studies which demonstrated the role of chemotherapy before 
surgery and after surgery in rezectable nonsmal-cell lung cancer (NSCLC). The final paragraph was 
dedicated to new therapies represented by target therapy and immunotherapy who represent the 
modern terapeutic approach. The trials dedicated to neo adjuvant chemotherapy revealed clearly 
benefit adding chemotherapy prior to surgical resection with statistical significance reached almost in 
all trials described. The adjuvant chemotherapy had a lower track but statistical significance was 
reached for some study demonstrated a small but a real benefit for postoperative chemotherapy 
applied.     

New therapies: targeted therapy and immunotherapy represent options that gain more evidence. For 
bevacizumab added to chemotherapy didn’t the results were not positive. For TKI inhibitors and 
EML4-ALK translocation inhibitors the results are promising.  The use of immunotherapy is under 
investigation but the last results in clinical trials encourage researchers to continue the investigation in 
this direction. 
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INTRODUCTION 
 

Lung cancer is leading cause of cancer death in worldwide.  
Unfortunately even early diagnostic is performed the 5 years 
survival ranged from 30 to 60%. The main histological types 
of lung cancer are represented by non-small cell lung cancer 
and small cell lung cancer. Non-small cell lung cancer 
(NSCLC)r makes up about 87% of cases. Agency for Research 
in Cancer give in 2012 the following data in Europe: incidence 
of lug cancer is 254532 (rate 59,1/100.000), mortality was 
290705 (rate 68,3/100.000) [1].The American Cancer 
Society’s estimates for lung cancer in the United States for 
2016 are: 

 About 224,390 new cases of lung cancer (117,920 in 
men and 106,470 in women) 

 About158,080 deaths from lung cancer (85,920 in 
men and 72,160 in women)among both men and 
women. 

We will present the systemic therapy in NSCLC in operable 
stages, therapy for which it has been demonstrated that can 
determine an increase in survival. 
 

Neoadjuvant chemotherapy 
 

Neoadjuvant chemotherapy was studied sice 1990. In an effort 
to improve the numbers of overall survival in NSCLC despite 

adequate surgical resection, neoadjuvant clinical trials have 
also been performed.  From the studies performed, both 
benefits and disadvantages to receiving chemotherapy in the 
neoadjuvant setting were observed. Several potential 
advantages of neoadjuvant chemotherapy over adjuvant 
therapy included earlier introduction of systemic therapy to 
address micro metastatic disease, improved drug delivery and 
patient tolerance in the preoperative setting, enhanced 
evaluation of the biological effects of conventional and novel 
agents, and facilitation of more limited surgical resections. 
Potential disadvantages included imprecise initial staging, the 
possibility of progression on therapy that may preclude 
surgical resection, and the risk of increased surgical morbidity 
or mortality following neoadjuvant chemotherapy. In 1990, a 
randomized phase II trial was published that compared initial 
surgery to induction chemotherapy with cisplatin, 
cyclophosphamide and vindesine followed by surgery. The 
trial was stopped prematurely after accruing only 26 patients 
because 4 patients on the chemotherapy arm experienced 
disease progression, ultimately precluding resection in 2 of 
those patients. An important argument in the introduction of 
neoadjuvant chemotherapy were two randomized phase III 
clinical trials in 1990s years. In this trials was reported a 
significant overall survival benefit obtained by neoadjuvant 
chemotherapy. In one of this trials 60 patients randomly 
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received between 1987 and 1993 six cycles of chemotherapy 
with cyclophosphamide, etoposide, and cisplatin befor surgery 
(study group) and only surgery (control group). For patients 
who received chemotherapy the response to treatment vas 
evaluated by measurement after each cycles of chemotherapy. 
Patients with tumor regression after chemotherapy received 
and tree cycles of chemotherapy after surgery. The median 
overall survival for patients receiving chemotherapy was 
64month. Patients who were only operated had an median 
overall survival of 11 month (P < .008by log-rank test).       
Was estimated and 2 and 3 years survival rate which was 60% 
and 56% for patients receiving chemotherapy and 25% and 
15% for patients receiving only surgery. Radiotherapy was not 
administered in either arm (2). The second trial also included 
60 patients with stage IIIA NSCLC, and they were randomized 
to surgery followed by radiotherapy versus induction 
chemotherapy with mitomycin, ifosfamide, and cisplatin 
followed by surgery and radiotherapy[3]. 
 

Median survival was 26 months for those who received 
chemotherapy compared with 8 months for those who received 
surgery alone (P < .001). Both of these trials were stopped 
early because of positive interim analyses. Although criticized 
for their small sample sizes and shorter than expected survival 
in the control arms, these trials nevertheless generated 
substantial interest in the neo adjuvant approach. For further 
analysis of the potential role of neoadjuvant chemotherapy, 
Burdett et al [4] performed a meta-analysis of randomized 
trials comparing induction chemotherapy followed by surgery 
to surgery alone. With 7 trials and 988 patients, the combined 
results showed a significant increase in survival associated 
with neoadjuvant chemotherapy. The absolute improvement in 
survival was 6% at 5 years (P = .02), with an 18% relative 
reduction in the risk of death (HR = 0.82; 95% CI, 0.69–0.97). 
The largest studies included in this meta-analysis were the 
French Thoracic Cooperative Group and the Southwest 
Oncology Group (SWOG) S9900 trials [5,6]. The French 
Thoracic Cooperative Group trial involved 355 patients with 
stages I (except T1N0), II, or III A NSCLC who were 
randomized to either primary surgery or preoperative 
chemotherapy with 2 cycles of cisplatin, mitomycin, and 
ifosfamide.22 Median survival was 37 months in the 
chemotherapy arm and 26 months for the surgery-alone arm (P 
= .15). At baseline, there was an excess of patients with 
clinical N2 disease in the chemotherapy group (72 vs 50 
patients in the primary surgery group; P = .065). Sixteen 
postsurgical deaths occurred in the preoperative chemotherapy 
group compared with 9 in the group randomized to primary 
surgery (P = .16). In an unplanned subgroup analysis, patients 
with clinical stages I and II NSCLC appeared to benefit from 
preoperative chemotherapy (HR = 0.68; 95% CI, 0.49–0.96; P 
= .027), while patients with stage IIIA disease did not (HR = 
1.04; 95% CI, 0.68–1.60; P = .85). Patients with an objective 
response to preoperative chemotherapy were eligible to receive 
postoperative chemotherapy; 84% of those patients actually 
received chemotherapy after surgery. Postoperative 
radiotherapy was administered to patients in both groups with 
pathological T3 or N2 disease or those with incomplete 
surgeries. The SWOG S9900 trial was stopped prematurely 
when the positive results from the adjuvant chemotherapy 
trials were reported. The trial enrolled only 354 of the planned 
600 patients, prior to closing the accrual.  Patients with stage 
IB-IIIA NSCLC (excluding clinical N2 disease) were 
randomized to either primary surgery or 3 cycles of 

carboplatin and paclitaxel followed by surgery. The results of 
the study were updated at the 2009 World Conference on Lung 
Cancer (WCLC) and revealed a 41% response rate to 
chemotherapy with a median follow-up of 64 month (HR for 
death = 0.80; 95% CI, 0.61–1.04; P = .11) in favor of 
chemotherapy [7].  These results were not statistically 
significant; however, the authors did point out that the trial 
was closed to accrual early. Finally, the largest randomized 
trial published that compared neoadjuvant chemotherapy to 
surgery alone was the Medical Research Council (MRC) 
LU22/ Dutch Society of Pulmonologists (NVALT) 2/European 
Organisation for Research and Treatment of Cancer (EORTC) 
08012 trial [8]. This trial enrolled 519 patients and compared 3 
cycles of platinum-based preoperative chemotherapy followed 
by surgery to primary surgery in patients with stages I to III 
NSCLC. A wide variety of chemotherapy regimens were 
permitted, with the most commonly used ones being cisplatin/ 
vinorelbine and cisplatin/gemcitabine. Postoperative 
complications were not increased in the group receiving 
chemotherapy, and the overall response rate was 49%. 
However, the use of preoperative chemotherapy did not 
improve survival (HR = 1.02; 95% CI, 0.80–1.31; P = .86). At 
55 months, median survival was better than expected in the 
surgery-alone arm. Neoadjuvant chemotherapy trials in 
NSCLC are a heterogeneous group, with many differences in 
methods of staging, use of chemotherapy combinations, and 
use of postoperative radiotherapy or chemotherapy. These 
differences make it challenging to compare results across trials 
or to utilize these data to identify patients most likely to 
benefit from neoadjuvant chemotherapy [9]. 
 

The  Cochrane Collaboration Review group reported an 
important review and mata-analysis of seven randomized 
controlled clinical trials. This meta-analysis include 988 
patients and evaluated the neo-adjuvant chemotherapy in non-
small cell lung cancer (NSCLC).  Trials analyzed included 
patients with stage I,II and III.A NSCLC. Authors of meta-
analysis find  an absolute benefit in 5 years survival of 6% 
across all stages of disease for patients receiving chemotherapy 
before surgery (HR, 0.82; 95% CI, 0.69–0.97; P = .022).A 
large study presented in cancer .gov. enrolled  519 patients 
who were randomly assigned to receive surgery alone or after 
3 cycle of platinum based chemotherapy. The analysis of this 
study demonstrates improvement in survival of 5% at 5 years 
(10). 
 
 
 
 
 
 
 
 
 
 

Adjuvant chemotherapy 
 

The first evidence of the beneficial effect of adjuvant 
chemotherapy was the results of a meta-analysis published in 
BMJ in 1995 [11]. This meta-analisis included 9387 patients 
from 52 randomized trials published or unpublished. The main 
objective of this meta-analysis was to determine overall 
survival. At the time progression free survival was not a factor 
to watch. The results for regimens of chemotherapy containing 
cisplatin was favorable in all comparisons and reached 

Table 1 Study with neo adjuvant chemotherapy versus 
surgery alone 

 

Roth JA Statistical significance P < .008 
Rosell R Statistical significance P < .001 

French Thoracic  
Cooperative Group Statistical significance P = 0.15 

EORTC 08012 trial No statistical significance P = 0.86 
Cochrane Collaboration  

Review Group Statistical significance P = .022 
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conventional levels of significance when used with radical 
radiotherapy and with supportive care. The comparison 
between patients receiving surgery fallowed by chemotherapy 
versus surgery alone results in a hazard ration of 0.87 that 
means in reduction of risk of death of 13% and an absolut 
benefit of 5% at five years. Trials comparing radical 
radiotherapy with radical radiotherapy plus chemotherapy gave 
comparable results to those where chemotherapy was 
associated or not to surgery (hazard ratio of 0.87 that means 
13% reduction in the risk of death; absolute benefit of survival 
of 4% at two years). Also patients treated with chemotherapy 
and supportive care  had a gain in survival compared to those 
treated only by supportive care only (hazard ratio  0.73 that 
means 27% reduction in the risk of death; 10% improvement 
in survival at one year).At the beginning of years 2000 
Scagliotti and colleagues realized a randomized trial which 
compare patients who receive mitomycin C (8 mg/m2 on day 
1), vindesine (3 mg/m2 on days 1 and 8), and cisplatin (100 
mg/m2 on day 1) every 3 weeks for three cycles (MVP group; 
n = 606) or no treatment (control group; n = 603) after 
complete resection.  This trial failed to prospectively confirm a 
statistically significant role for adjuvant chemotherapy in 
completely respected NSCLC [12]. 
 

NCCN Guidelines 2016 recommend adjuvant chemotherapy 
for operable NSCLC stages starting with stage IB to IIIA 
stage. For stage IB and IIA resection with negative margins 
observation or chemotherapy is recommended for high-risk 
patients (high -risk patient's). In stage IIA with positive 
margins and N0 is recommended radiotherapy and 
chemotherapy. For stage IIA with negative margins N1cu 
recommend adjuvant chemotherapy. For stage IIA N1 and 
positive margins are recommended chemo and radiotherapy 
sequentially or concurrently. Recommended for stage IIIA 
sequential chemotherapy and radiation only in case of N2 if 
the margins are negative. If the margins are positive 
recommend chemo-radiotherapy is recommended (concurrent) 
(13).  A Cochrane analysis publish online in March 2015 
carried out a new systematic review and meta-analysis of 
individual participant data that included all trials, old and new. 
This study aimed to find out if giving chemotherapy after 
surgery (with or without radiotherapy) can a) help patients live 
longer, b) stop the cancer coming back (recurrence), and c) 
stop the cancer spreading to other parts of the body 
(metastases). There were carried out two studies called meta-
analyses that included patients with non-small cell lung cancer 
that took part in randomized  controlled trials comparing :a) 
surgery versus surgery plus adjuvant chemotherapy; and b) 
surgery plus radiotherapy versus surgery plus radiotherapy 
plus adjuvant chemotherapy. 
 

Results were first published in the Lancet in 2010. Authors 
searched for relevant trials up to December 2013. The studies 
brought together trial data from all over the world with 26 
trials (34 trial comparisons) and 8447 patients in the first meta-
analysis (surgery versus surgery plus adjuvant chemotherapy); 
and 12 trials (13 trial comparisons) and 2660 patients in the 
second meta-analysis (surgery plus radiotherapy versus 
surgery plus radiotherapy plus adjuvant chemotherapy). Trials 
were carried out between 1979 and 2003. Results found that 
people with NSCLC that had surgery followed by 
chemotherapy (with or without radiotherapy), lived longer than 
those who had surgery without chemotherapy (with or without 
radiotherapy). After five years, 64 out of every 100 patients 
who were given chemotherapy after surgery were alive 

compared to 60 patients out of every 100 who just had surgery. 
For those who also received radiotherapy, after five years, 33 
out of every 100 patients who received chemotherapy, surgery 
and radiotherapy were alive compared to 29 out of every 100 
patients who received surgery and radiotherapy. In both 
studies, there was little variation in the effect of chemotherapy 
according to the type of chemotherapy given, other trial 
characteristics, or by the type of patient included in the trial 
[14]. Some large study were aimed to demonstrate the benefit 
of chemotherapy after surgery:  
 

ALPI (Adjuvant Lung Cancer Project Italy) trial enrolled 1209 
patients with completely respected stage I, II, or IIIA NSCLC. 
Patients were randomized to received a combination of 
cisplatin, mitomycin, and vindesine or to observation. Patients 
were permitted to receive radiotharpy according to the local 
institutional protocol. The trial was designed to detect a 20% 
relative improvement in OS or an absolute benefit of 7%.     
The median duration of follow-up was 64.5 months. 
The results showed no statistically significant difference in OS 
between the treatment and control arms (HR, 0.96; P = .59). 
However a trend toward improved progression-free survival 
(PFS) was observed with addition of adjuvant chemotherapy 
(HR, 0.89; P = .13). In this study patients were prospectively 
evaluated for molecular markers p53, Ki-67, and KRAS codon 
12 mutations; in this trial no statistically significant association 
between any of the tumor markers and OS was observed.  
 

IALT (International Adjuvant Lung Trial) was another 
tentative to find if adjuvant cisplatin-based chemotherapy 
compared with observation for patients with resected stage I, 
II, or IIIA NSCLC could have a benefit in survival.               
The primary endpoint was overall survival (OS), and 
secondary endpoints consisted of disease free survival (DFS), 
other objectives were the incidence of second primary cancers, 
and adverse effects. Because of slow accrual study was closed 
early. Finally a total of 1867 patients were randomized to 
receive chemotherapy (n = 932) or observation (n = 935). 
Patients in the chemotherapy arm were treated with one of 4 
different agents to cisplatin: etoposide, vinorelbine, vindesine, 
or vinblastine. Patients with pathologic stage N1 or N2 disease 
were allowed to receive radiotherapy after completion of 
chemotherapy regardless they had been assigned to treatment 
or to observation. In the chemotherapy group, 74% of patients 
received at least a 240 mg/m2 cumulative dose of cisplatin and 
8% did not receive chemotherapy. Compared with the 
observation arm, the chemotherapy arm had better median OS 
(HR, 0.86; P <.03) and a higher 5-year OS rate (40.5% vs 
44.5%, respectively). DFS was also significantly higher in the 
chemotherapy group (HR, 0.83; P <.003). 
 

The trial of National Cancer Institute of Canada Clinical Trials 
Group (NCIC-CTG). It was a phase III randomized trial to 
determine the benefit of adjuvant chemotherapy in patients 
with resected stage IB or stage II (T2N0, T1N1, or T2N1) 
NSCLC. The study was designed in order to detect a 10% 
improvement in OSl. A number of 482 patients were 
randomized to 4 cycles of adjuvant chemotherapy with 
cisplatin and vinorelbine or to observation.  
The median duration of follow-up was 5.3 years for the 
observation group and 5.1 years for the chemotherapy group. 
Patients received a median of 3 cycles of treatment. 
Recurrence was significantly decreased in the chemotherapy 
group (HR, 0.60; P <.001). Median OS was significantly 
prolonged in the chemotherapy group compared with the 
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observation arm (95 mo vs 73 mo, respectively; HR, 0.69; P = 
.04). The survival was studied by stages of disease. The results 
of this study revealed no statistically significant benefit 
associated with chemotherapy in patients with stage IB 
NSCLC (P = .79). Patients with stage II NSCLC derived 
signify cant benefit. In 2010 was published long-term follow-
up data, accrued during a median of 9.3 years. This data 
confirmed initial results of the trial namely a benefit from 
adjuvant chemotherapy (HR, 0.78; P = .04). So prolongation 
of disease-specific survival was reported (HR, 0.73; P = .03).8 
Also was reported a correlation between benefit from 
chemotherapy and stage of disease. Patients with stage II 
disease who received chemotherapy demonstrated a significant 
OS benefit (HR, 0.68; P = .01) compared with their from 
observation arm. Patients with stage IB disease showed no OS 
benefit versus the subgroup of patients with stage IB disease in 
the observation arm (HR, 1.03; P = .87).  
Analysis of patients with stage IB disease found that patients 
with tumors >4 cm benefited from adjuvant chemotherapy 
compared with observation, but the level of benefit was not 
statistically significant (HR, 0.66; 95% CI, 0.39-1.14; P = 
.133) ANITA (Adjuvant Navelbine International Trialist 
Association) was a European multinational study of adjuvant 
chemotherapy consist in vinorelbine plus cisplatin versus 
observation. Patients enrolled were in stage IB-IIIA NSCLC 
and received a total resection. A number 840 patients received 
chemotherapy after randomization (n = 407) or observation (n 
= 433). Radiotherapy was permitted at the local protocol. 
Median duration of follow-up was 76 months.  
 

Overall  median survival was 65.7 months for patients in the 
chemotherapy arm and 43.7 months for patients in the 
observation arm (HR, 0.80; P = .017). OS benefit at 5 years  
with the use of chemotherapy was 8.6% at 5 years and 8.4% at 
7 years. The subgroup analysis of patients with stage IB 
revealed no benefit from chemotherapy, with a 5-year OS rate 
of 62% in the chemotherapy group versus 64.5% in the 
observation group (HR, 1.10; CI, 0.76-1.57). In patients with 
stage II disease it was observed a trend toward significant 
benefit for patients randomized to chemotherapy versus those 
randomized to observation, with a 5-year OS rate of 51% 
versus 39%, respectively (HR, 0.71; CI, 0.49-1.03). An 
important results was for patients with stage IIIA in the 
chemotherapy arm. They experienced a significant 
prolongation of survival, with a 5-year OS rate of 42% versus 
26% in the observation group (HR, 0.69; CI, 0.53-0.90 (P = 
.07) [15,16].In 2016  clinical trial in lung cancer from ASCO 
were  presented  by David R. Gandara, Heather A. Wakelee: In 
this respect was reviewed study  E1505, which was a large, 
multicenter, randomized phase III study comparing standard 
adjuvant platinum-based chemotherapy with or without the 
antiangiogenic agent bevacizumab in patients with early-stage, 
resected NSCLC. The trial enrolled patients with stage IB 
NSCLC at least 4 cm in size up through IIIa. For stages II and 
III, the size of the tumor did not matter. Patients were assigned 
to four 21-day cycles of cisplatin with vinorelbine, docetaxel, 
or gemcitabine. The vinorelbine regimen was used in all of the 
previous positive adjuvant trials, and the docetaxel and 
gemcitabine combinations were standard first-line platinum 
doublets for metastatic NSCLC. A subsequent 2009 trial 
amendment also allowed for pairing of cisplatin with 
pemetrexed because of its approval in nonsquamous disease. 
The primary endpoint was OS with a secondary endpoint of 
disease-free survival (DFS). 
 

The primary analysis of E1505 was presented in September 
2015 at the 16th World Conference on Lung Cancer 
conclusion was that  Bevacizumab did not improve OS or 
DFS. “In that previous presentation, study investigators 
showed that, at 5 years post registration, approximately 60% of 
patients were still alive. That is actually quite good considering 
the patient population. These updated results provide slightly 
longer term OS information but still show no benefit from 
bevacizumab therapy”. After separating patients by histology 
(Heather A. Wakelee), the OS P values across chemotherapy 
regimens for nonsquamous and squamous patients were 0.18 
and 0. 99, respectively [17]. Similarly, the DFS  P values were 
0.58 and 0.83, respectively, and none of the OS or DFS HRs, 
as compared with the cisplatin/vinorelbine regimen for 
reference, was statistically significant. This chemotherapy 
subset analysis (David R. Gandara), which showed that 
patients with squamous cell histology did just as well as those 
with nonsquamous histology, is an incredibly important study 
update. I anticipated that patients with squamous histology 
would demonstrate worse outcomes, but patients with both 
histologies fared equally well as did the 4 chemotherapeutic 
regimens. The pemetrexed chemotherapy regimen was actually 
the most used (Heather A. Wakelee). Almost one third of 
patients received cisplatin/pemetrexed, but this regimen was 
only given to patients who had nonsquamous histology. 
However the answer regarding the efficacy of other 
combination in adjuvant setting without cisplatin/vinorelbine 
still not clear.  
 

At the 2016 ASCO meeting, many questions arose regarding 
cost and if it made sense to use the more expensive regimens 
when cisplatin/vinorelbine is much more economical. That is 
something that will continue to be a debate. The randomized 
JIPANG trial is currently ongoing in Japan, comparing 
cisplatin/vinorelbine with cisplatin/pemetrexed. This study will 
give us a lot more information. Until then, the E1505 
chemotherapy subset analysis was really the biggest update on 
adjuvant treatment. All of these regimens look relatively 
equivalent, in some cases with pemetrexed as a good choice 
for reduction in toxicity (18). 
 

New agents 
 

In our days when the small molecules, especially tyrosine 
kinase inhibitors (TKI) and monoclonal antibody are largely 
used in advanced cancer, many trials try to reveal and the role 
of these compounds and in early stage of lung cancer.  
 

Target therapy  
 

Because the role of EGFR TKI therapy in the adjuvant setting 
remains under investigation several clinical trials incorporating 
EGFR mutation status into adjuvant treatment assignment are 
underway. ALK translocations have been identified in a subset 
of adenocarcinomas this abnormality  the product of an 
inverted translocation of EML4 gene located at chromosome 
2p21 and the ALK gene located at 2p23.(22) This gene 
modification has been detected in 7% of lung 
adenocarcinomas.(23)  Crizotinib small molecule is the first  
inhibitor of ALK used in clinical practice. (24)KRAS 
mutations are more common in lung adenocarcinoma than 
other NSCLC histological types and are more frequently found 
in tumors from patients with a smoking history (approximately 
30%). In lung cancer, KRAS mutations are found in codons 
12, 13, and 61, which are mainly GGT to TGT transversions 
that produce glycine to cysteine amino acid changes.(25). 
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RAS/RAF/MEK pathway is a potential therapeutic targets in 
lung cancer. We have evidence only in the metastatic setting 
where  the MEK1 inhibitor, selumetinib, combined with 
docetaxel, demonstrated improved PFS and a trend toward 
improved overall survival compared with docetaxel alone. 
BRAF is a serine-threonine protein kinase that functions in the 
RAS/mitogen-activated protein kinase signaling pathway. 
BRAF is downstream of KRAS and directly phosphorylates 
MEK. Subsequent phosphorylation of Extracellular Signal-
regulated Kinase (ERK) is  involved in proliferation and 
survival. Mitogen-activated protein (MAP) kinases is also 
known as extracellular signal-regulated kinases (ERKs), are 
thought to act at an integration point for multiple biochemical 
signals because they are activated by a wide variety of 
extracellular signals. (26) Mutant BRAF proteins have 
increased kinase activity and are transforming in vitro.(27)  
BRAF mutations in NSCLC affect 1% to 3% of cancers. (28 -
29). In NSCLC, BRAF mutations are seen almost exclusively 
in adenocarcinomas and is more common in current and 
former smokers. The inactivating D594G mutation are 
resistant to vemurafenib but sensitive to dasatinib (30). 
 

 HER2 (ERBB2) is a member of the ERBB family of receptor 
tyrosine kinases.  (31). Activation of HER2 in this way 
initiates the PI3K-AKT-mTOR and RAS-RAF-MEK-ERK 
pathways, promoting cell survival and proliferation [32]. 
While HER2 overexpression or gene copy number gains are 
relatively common in NSCLC, HER2 mutations are found in 
only 2% to 4% of NSCLC cases.[33-34] The most common 
mutation is an in-frame insertion in exon 20. Clinically, HER2 
mutations appear to be more common in women and in never-
smokers with adenocarcinoma histology. The HER2 
monoclonal antibody, trastuzumab, and the TKI, lapatinib, 
have been evaluated in NSCLC patients. Trastuzumab 
combined with chemotherapy in unselected patients did not 
result in improved outcomes compared with historical controls 
treated with chemotherapy alone.[35,36] Similarly, single-
agent lapatinib in an unselected population of patients with 
NSCLC demonstrated an overall response rate of only 
1.3%.[37] Individual cases of response to HER2 targeted 
therapy in patients with HER2 mutations have been reported [ 
38,39]. Also was reported partial responses to the pan-HER 
inhibitor, afatinib, in 3 pretreated patients with HER2 
mutations [40].   
 

Angiogenesis play an important role in the tumor 
development, increased angiogenic signaling has been 
associated with poor prognosis in a number of malignancies, 
including NSCLC(41). In the last years were developed 
therapies targeting components of angiogenic signaling. One 
of the most known is Bevacizumab, a humanized monoclonal 
antibody with a high affinity for vascular endothelial growth 
factor (VEGF) which binding circulating VEGF and inhibits 
binding of VEGF to its receptors. [42] In AVAiL study the 
combination of bevacizumab with cisplatine plus gemcitabine 
was superior in term of progression free survival versus 
chemotherapy alone. [43]  DDR2 is a tyrosine kinase, and 
mutations of this have been described in 4% of lung squamous 
cell carcinomas  Dasatinib inhibits tyrosine kinases, including 
DDR2. [44] 
 

Immunotherapy  
 

The use of immunotherapy is under investigation but many 
positive trials have led the FDA to approve several agents for 
immune therapy in the treatment of NSCLC. The first results 

were obtained by trials in advanced stages of NSCLC. 
Recently some studies reveled that immunotherapy could be 
beneficial and in adjuvant settings.  Immunotherapy include 
and vaccine therapy and immune checkpoint modulation. The 
glycoprotein mucin 1 (MUC1) promotes cellular adhesion and 
is expressed by a number of epithelial tissues and carcinomas. 
MUC1 expressed in malignant cells has been shown to differ 
structurally from MUC1 expressed in normal tissues BLP-25 
is a liposomal vaccine preparation that targets the exposed 
peptide core of MUC1 expressed in malignant tissues.  (45)  In 
the adjuvant setting, the MAGE-A3 vaccine is under 
evaluation. MAGE-A3 is a protein that is produced almost 
exclusively by malignant cells and occurs in 35% of NSCLC 
cases. A phase II randomized, placebo-controlled trial in 
patients with completely resected stages IB and II NSCLC 
report a trend in favor of improved overall and disease-free 
survival. (46)  
 

Compounds targeting CTLA-4, PD-1, and PDL-1 have led to 
the introduction in the therapy of NSCL of Nivolumab and 
Pembrolizumab. The PD-1 receptor is a coinhibitory receptor 
present on T cells. Binding of ligands PD-L1 or PD-L2 
(produced by tumor or stromal cells) to PD-1 results in 
inhibition of antitumor immune responses.(47,48)  Ipilimumab 
was also tested in clinical trials but is not clear if it determine 
an real clinical benefit in NSCLC.. The combination of phased 
ipilimumab and chemotherapy is also being evaluated in the 
neoadjuvant setting for patients with early-stage NSCLC 
(NCT01820754) [49]. 
 

CONCLUSIONS 
 

Neo adjuvant and adjuvant systemic therapy for early stage 
NSCLC is promising but still (especially neoadjuvant therapy) 
not well defined. New compounds used in personalized 
medicine brings a diversification of treatment possibilities and 
a gain in survival. New studies are necessary to establish the 
best therapeutic associations between chemotherapy and 
personalized therapy and between personalized therapies 
which have different mechanisms of action.  
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