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Abstract. The aim of the study was to examine the drug 
resistance analysis of gefitinib‑targeted therapy in non-small 
cell lung cancer (NSCLC). In total, 156 NSCLC patients 
without surgical treatment were selected, including 117 cases 
of adenocarcinoma (75%), to receive single gefitinib 0.25 g/day 
or combined with platinum chemotherapy. Computed tomo
graphy was used to evaluate tumor growth for the response and 
non-response groups. The chemotherapy regimen was changed 
or combined with radiotherapy in the non-response group. 
Tumor progression or metastasis in the response group was 
considered as the generation of drug resistance. The chemo-
therapy regimen was altered in the response group. Eleven 
cases had tumor response in the non-response group after 
the chemotherapy regimen was adjusted (20%), 33 cases had 
complete response (CR) (32.7%), 44 cases had partial response 
(PR) (43.6%), and 24 cases had stable disease (SD) (23.8%) in 
the response group. The drug resistance rates of CR, PR, and 
SD showed no significant difference (P>0.05). However, the 
drug-resistant time of CR was significantly delayed and the 
difference was statistically significant (P<0.05). The response 
rates of CR, PR, and SD patients regaining the response rate 
showed no statistical significance after the chemotherapy 
regimen was adjusted, and the difference was not statistically 
significant (P>0.05). In conclusion, gefitinib‑targeted therapy 
in NSCLC showed certain drug resistance, which may not be 
related to the response.

Introduction

Gefitinib is a targeting drug of epidermal growth factor 
receptor-tyrosine kinase inhibitors (EGFR-TKIs). It is mainly 
used in the treatment of progressive-stage non-small cell lung 
cancer (NSCLC) patients who received platinum as basic 
chemotherapyt, and it was sensitive to adenocarcinoma in 
non-smoking Asian women. Gefitinib may be considered a 
first-line therapy regimen (1).

The overall effective rate of EGFR gene mutation was 
40-65% and the overall effective rate of the non‑mutation 
gene was 5-13% (2). Additionally, ~50-75% of patients who 
were sensitive to gefitinib earlier appeared to acquire drug 
resistance in 5-10 months, indicating tumor progression or 
metastasis (3). At present, it is generally considered that drug 
resistance is related to secondary EGFR gene mutation, drug 
transportation, EGFR/Met gene amplification and the signal 
pathway (4). Many cell experiments in vitro verified this from 
different aspects. However, to the best of our knowledge, there 
are no animal and clinical studies in vivo (5,6). Thus, it was not 
clear whether tumor progression was the generation of drug 
resistance or natural tumor process.

The clinical effect and drug resistance analysis of gefitinib 
targeted therapy in the treatment of NSCLC in Yantaishan 
Hospital (Shandong, China) is summarized in the study, to 
determine the underlying drug resistance mechanism.

Patients and methods

Patient data. In total, 156 cases of NSCLC patients in 
Yantaishan Hospital without surgical indication or rejecting 
operation were continuously selected from January,  2011 
to June, 2015. The underlying pulmonary diseases, such as 
chronic obstructive pulmonary disease, respiratory failure, 
heart, liver, kidney or other organ insufficiency, intolerance 
to gefitinib or other chemotherapeutic drugs, continuous 
chemotherapy for <1 month, poor compliance, and incomplete 
follow-up data, were excluded. All patients were followed up 
for 6 months.

The study was approved by the Ethics Committee of 
Yantaishan Hospital, patients or their families. The patients 
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were treated with single gefitinib (AstraZeneca, Cambridge, 
UK) 0.25 g/day or combined with platinum chemotherapy. 
Computed tomography was used to evaluate the tumor 
growth in 1 month. According to the effectiveness evaluation 
criterion, the maximum tumor diameter was increased in the 
non-response group, in a total of 55 cases (35.3%). There were 
101 cases in the response group. There were 24 cases of males 
and 31 cases of females in the response group, aged 46-77 years, 
average 56.9±13.7 years, including 13 cases of squamous carci-
noma, 42 cases of adenocarcinoma, 8 cases of stage II, 32 cases 
of stage III, and 15 cases of stage IV. There were 38 cases of 
males and 63 cases of females in the response group, aged 
44-76 years, average 54.3±12.8 years, including 40 cases of 
squamous carcinoma, 71 cases of adenocarcinoma, 16 cases of 
stage II, 68 cases of stage III, and 17 cases of stage IV. The 
gender, age, tumor classification, and stage showed no statis-
tical significance between the two groups (P>0.05).

Research methods. After the chemotherapy regimen was 
altered or combined with radiotherapy in the response group, 
the tumor progression or metastasis was considered to be 
drug resistance in the response group. The patients were 
continuously observed. The response rate was analyzed in 
the non-response group after the chemotherapy regimen 
was adjusted. The drug‑resistant time and drug resistance 
rate were in the response group. The effectiveness evalua-
tion criteria were tumor diameter shrinking by >50% was 
considered as complete response (CR), shrinking by >10% 
was considered as partial response (PR), shrinking by <10% 
was considered as stable disease (SD) and not shrinking was 
considered as progression (PD).

Statistical analysis. The data were analyzed using SPSS 19.0 
statistical software (IBM, Armonk, NY, USA). The quantita-
tive data were expressed using mean ± standard deviation. The 
Student's t-test was used to compare the difference among the 
groups. The qualitative data were expressed using the case 
number or percentage. The χ2 test was used to compare the 
difference among the groups; P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Response rates in the two groups. Eleven cases had tumor 
response in the non-response group after the chemotherapy 
regimen was altered for 1 month (20%), including 4 cases of 
PR and 7 cases of SD. Thirty-three cases had CR (32.7%), 
44 cases had PR (43.6%), and 24 cases had SD in the response 
group (23.8%).

Drug resistance in the reaction group. The drug-resistant 
time was 2-6 months in the response group. The median time 
was 4.0 months. Ten cases had drug resistance in CR patients 
(30.3%, 10/33). The resistant time was 4-6 months and the 
median time was 5 months. Fifteen cases had drug resistance 
in PR patients (34.1%, 15/44). The drug‑resistant time was 
2.5-5.0 months and the median time was 3.5 months. Seven 
cases had drug resistance in SD patients (29.2%, 7/24). The 
drug-resistant time was 2-4.5 months and the median time 
was 2.8 months. The drug resistance rates of CR, PR and 

SD showed no significant difference (P>0.05). However, the 
drug‑resistant time was significantly delayed and the differ-
ence was statistically significant (P<0.05).

Response rate in the response group after the chemotherapy 
regimen was adjusted. After the chemotherapy regimen was 
adjusted, 2 cases regained the response in CR patients (20%, 
2/10), 2 cases regained response in PR group (13.3%, 2/15), and 
1 case regained response in SD patient (14.3%, SD). There was 
no significant difference between the groups (P>0.05).

Discussion

Secondary mutation theory  considered that EGFR gene 
exon 20 occurred to the secondary mutation in the gefitinib 
treatment process, resulting in threonine in EGFR790 locus 
being substituted by methionine (7). Threonine was located 
outside the tyrosine kinase contacting core reaction region 
and the hydrogen bond with high affinity formed with the 
adjacent gefitinib anilino, to ensure the antitumor effect. 
Once T790M mutation occurred, one larger amino acid side 
chain was introduced in this locus, to constitute the steric 
hindrance, influencing the formation of hydrogen bond 
between tyrosine kinase and gefitinib, eventually leading to 
gefitinib not combining with tyrosine kinase. Takeda et al (8) 
and Inukai et al (9) found that T790M mutation was detected 
in only 0.5% of patients receiving gefitinib. T790M highly 
sensitive mutant polymerase chain reaction detection showed 
that among 7 patients not reacting to gefitinib treatment, 
3 patients had T790M mutation, and T790M mutation was 
not detected in 19 patients reacting to gefitinib treatment. 
Onitsuka et al (10) found that among 10 patients receiving 
secondary gefitinib resistance, T790M mutation was detected 
in 7 patients.

Some patients had gefitinib resistance by activating the 
downstream signaling pathway and bypassing EGFR, which 
is called the ‘bypass activation pathways’. Engelman et al (11) 
found that among 18 cases of drug-resistant lung cancer cell 
lines induced by gefitinib, the gene amplification was detected 
in 4  cases. HER3 (ErbB3) phosphorylation was induced 
to persistently activate the PI3K/Akt pathway, resulting in 
secondary gefitinib resistance. It was confirmed in a variety 
of tumors that the maladjusted Met signaling contributed 
to tumorigenesis by activating mutation (such as papillary 
nephroblastoma) (12) or by high-level amplification (such as 
gastric cancer) (13).

In addition, the change of the tumor microenvironment 
was an important cause of drug resistance. Receptor tyrosine 
kinase and integrin  β-1 was able to activate Akt through 
different pathways. The PI3K/Akt pathway played an impor-
tant role in the anti-apoptotic signal transduction to cause 
drug resistance by regulating the apoptosis of tumor cells (14). 
However, 60-70% of secondary EGFR-TKIs resistance was 
associated with the secondary mutation theory and Met gene 
amplification. Other mechanisms of drug resistance may be 
related to the different influence of factors including smoking, 
gender, race and pathological type.

The covalent binding of irreversible EGFR inhibitor with 
EGFR was able to overcome the binding barriers of EGFR 
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with T790M mutation. In in  vitro experiments, the cell 
line acquiring drug resistance maintained sensitivity to 
the irreversible EGFR inhibitor using first-generation 
EGFR-TKIs (15,16). At present, partial irreversible EGFR 
inhibitors have entered clinical trials, including BIBW2992, 
BMS-690514, and EKB-569. The efficacy has yet to be 
assessed (17). The combined application or single applica-
tion of multiple-target drugs may block a variety of signaling 
pathways. The clinical trials in phase I/II (18) confirmed that 
the effective rate was up to 20% in the treatment of gefitinib 
resistance NSCLC using EGFR/VEGFR dual inhibitor 
erlotinib hydrochloride tablets combined with bevacizumab. 
Morgillo  et  al  (19) found that T790M blocked gefitinib 
induced Bim upregulation and pro-apoptosis. L747 gene 
mutations were capable of weakening Bim upregulation and 
inhibit apoptosis of tumor cells (20). Therefore, to increase 
Bim expression or to activate its downstream targets may also 
be used in the treatment of NSCLC.

The study showed that the tumor response rate was 20.0% 
in the non-response group after the chemotherapy regimen 
was adjusted, suggesting that NSCLC was not only related 
to EGFR gene mutation but also related to other mechanisms 
such as VEGF gene mutation. The targeted therapy increased 
the response rate. The response rate of CR was 32.7% in the 
reaction group, the response rate of PR was 43.6%, and the 
response rate of SD was 23.8%. The drug resistance rates of 
CR, PR, and SD showed no statistical difference. However, 
the drug-resistant time of CR was significantly delayed and 
the difference was statistically significant, suggesting that the 
drug resistance was not related to the response degree, but 
the response time of better response degree was delayed. As 
discussed above, the mechanism of drug resistance on both the 
secondary mutation of EGFR gene and Met gene amplification 
may be related to the natural biological characteristics of the 
tumor. Gefitinib could interfere or delay but not completely 
block the tumor progression. Cancers may adapt to the drug 
treatment in diversed forms. However, blocking its interven-
tion targets potentially leads to drug resistance or failure. 
After the chemotherapy regimen was adjusted, the response 
rates of CR, PR, and SD patients regained showed no statis-
tical difference, ~15%, which was consistent with the reports 
of relevant literature. In conclusion, gefitinib‑targeted therapy 
for NSCLC showed certain drug resistance, which may not be 
related to the response.
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