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Introduction

The discovery of epidermal growth factor receptor (EGFR) 
mutations in 2004 changed the standard approach to evaluat-
ing non-small cell lung cancer (NSCLC) and established a new 
paradigm of tumor genotyping in clinical practice.1 NSCLC 
patients who harbor activating mutations (most frequently exon 
19 deletions and exon 21 point mutation) in the EGFR gene are a 
clinically distinct entity with a much better prognosis compared 
with patients with non-mutant (Mut−) NSCLC in the treatment 
of EGFR tyrosine kinase inhibitors (EGFR-TKIs), while patients 
with EGFR-mutant (EGFR-Mut+) NSCLC develop disease pro-
gression after a median of 10 to 14 mo on TKI.2

Since acquired resistance to EGFR-targeted therapies was first 
described in 2005,3 several mechanisms of resistance to TKI have 
been described, and a variety of different therapeutic approaches 
aimed at overcoming resistance are motivated (Fig. 1). A thre-
onine-methionine substitution at position 790 (T790M) is the 
most common resistance mutation, which is located in the ade-
nosine 5′-triphosphate (ATP)-binding pocket of the catalytic 

region to which EGFR-TKIs bind and causes higher affinity to 
ATP and lower affinity to EGFR-TKIs. The irreversible EGFR-
TKI, such as afatinib, neratinib, could bind to EGFR-T790M 
mutants, while the overall survival (OS) shows no benefits in the 
study of afatinib vs. placebo.4 Combination of EGFR-targeted 
antibodies and secondary EGFR-TKI might be a new strategy 
to overcome the T790M mediated resistance.5 Besides, mesen-
chymal–epithelial transition factor (MET) amplification, over-
expression of hepatocyte growth factor (HGF), upregulation of 
insulin-like growth factor (IGF) receptor signaling, K-ras muta-
tion, which activate downstream signals of EGFR, are all possible 
second mutations causing EGFR-TKI resistance. To conquer this 
kind of resistance, addition of MET-inhibitor or HGF-inhibitor, 
inhibition of parallel pathway is a feasible strategy. In addition, 
transformation to small cell cancer is another possible reason 
contributing to the acquired resistance; in this case, we might 
need to change the antineoplastic approach, such as chemother-
apy.6 Nevertheless, the results were not optimistic, which may 
be related to the elusive understanding of these sensitive or resis-
tant mechanisms, the optimum doses, or the insufferable severe 
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epidermal growth factor receptor (eGFR) mutations in patients with non-small cell lung cancer (nsCLC) usually develop 
disease progression after a median of 10 to 14 mo on tyrosine kinase inhibitor (TKI). several mechanisms of resistance to 
TKI have been described, threonine-methionine substitution at position 790 (T790M), mesenchymal–epithelial transition 
factor (MeT) amplification, overexpression of hepatocyte growth factor (hGF), upregulationof insulin-like growth factor 
(IGF) receptor signaling, transformation to small cell lung cancer, and so on. A variety of different therapeutic approaches 
aimed at overcoming resistance are motivated, irreversible eGFR inhibitors, combination with eGFR targeted antibodies, 
mesenchymal–epithelial transition factor (MeT) inhibitors, hGF inhibitors, and so forth. nevertheless, the results were 
not optimistic. here we report a case of reversion of erlotinib-acquired resistance twice, and had a good improvement of 
outcomes every time. There are some possible reasons for this phenomenon. Considering this report, the patients who 
acquired resistance after retreatment of eGFR-TKI, using eGFR-TKI repeatedly may be a choice selectively.
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adverse effects. A new strategy to over-
come EGFR-TKI resistance has been an 
urgent problem to solve. Here we report 
a case of reversion of erlotinib-acquired 
resistance twice.

Case Report

A 64-y-old non-smoker female was 
diagnosed adenocarcinoma in the mid-
dle right lobe (T1N0M0) in November 
2005.The patient underwent right 
middle lobectomy with lymphnode dis-
section. In November 2007, we found 
metastasis in the vertebrae and multiple 
metastases in the lung. At that time, the 
patient didn’t take EGFR gene mutation 
analysis. Because the patient refused to 
use pemetrexedfor some economic rea-
sons, he was treated with chemotherapy 
including cisplatin (40 mg/days 1–3) 
and gemcitabine (1600 mg/days 1 and 
8) every 3 weeks up to 6 cycles and con-
current radiotherapy (30 Gy/10 fr). The 
patient was classified as having a stable 
disease (SD) according to the Response 
Evaluation Criteria in Solid Tumors 
(RECIST1.0).7

In July 2009, the patient felt right chest pain; right pleura 
metastasis was showed in CT (Fig. 2A). The EGFR exon 19 
deletion mutation was identified through the analyses of exons 
18 through 21 performed by the polymerase chain reaction 
(PCR) method in the primary tumor tissues obtained when the 
diagnosis was first made. Erlotinib was then administered at the 
standard dose of 150 mg once daily. A grade 1 skin rash was 
observed. Significant shrinkage was showed at 2 mo (Fig. 2B) 
while progression of disease at 11 mo after initiation of erlotinib 
treatment (Fig. 3A). The erlotinib was discontinued. We had 
to give up using docetaxel due to insufferable allergic reactions, 
then the patient was given gemcitabine (1600 mg, days 1 and 8) 
every 3 weeks up to 2 cycles. A reduction in CT (CT) of tumor 
volume was evident after 2 cycles of chemotherapy (Fig. 3B). 
The tumor was shown to progress 6 mo later (Fig. 4A). Erlotinib 
was again administered as a standard dose. After 3 mo of treat-
ment with erlotinib, a CT scan again showed response (Fig. 4B). 
However, the erlotinib was discontinued because of the disease 
progression 8 mo later. The patient was given gemcitabine (1600 
mg, days 1 and 8, 1 cycle/3 weeks) again. Further chemo-
therapy was refused by the patient because of insufferable side 
effects. The disease progressed again one month later (Fig. 5A). 
Erlotinib was administered at the standard dose and surpris-
ingly the tumor regressed after 2 mo (Fig. 5B). What’s more, 
the patient’s condition was stable until now. Unfortunately, we 
failed to gain the condition of EGFR gene mutation during the 
second and third erlotinib treatments because of the patient’s 
refusal.

Discussion

There are substantial literatures on the concept of retreatment 
of EGFR-TKI with previously given conventional chemotherapy 
after the initial treatment. Unlike other studies, the survival 
after the initial treatment of erlotinib is more than 5 years in our 
report. The acquired resistance of erlotinib was reversed twice, 
and had good improvement of outcomes each time, which is cru-
cial for the patients who acquired resistance after retreatment of 
EGFR-TKI. The third time use of EGFR-TKI may be a choice 
selectively. We reviewed the literatures for erlotinib retreatment 
and we found that there are some preconditions for valid response 
to EGFR-TKI retreatment: (1) the character of the patient would 
better to be female, non-smoker, and with adenocarcinoma his-
tology; (2) initial treatment shows a favorable clinical response 
(e.g., partial response [PR] or long SD better more than 4–5 mo); 
(3) a long period of time since the termination of initial EGFR-
TKI treatment. On the contrary, the dose of erlotinib and the 
pattern of EGFR mutation are small related to the retreatment 
response. And the disease control may be achieved more effec-
tively in the patients with systemic progression disease (PD) than 
local PD to previous TKI treatment.8

Even after the progression, some of the patients can still be sen-
sitive to TKIs after a “drug holiday” with chemotherapy or radio-
therapy. There are some possible reasons for this phenomenon.

Tumor heterogeneity
Despite identification of EGFR exon 19 deletion mutation in 

the biopsy tumor tissue and an initial PR to erlotinib in this case, 

Figure 1. The mechanisms of acquired resistance of eGFR-TKIs. The secondary T790M mutation of 
eGFR leads to decrease the affinity to eGFR-TKIs. Irreversible TKIs bind with high affinity to recep-
tors carrying the T790M mutation. MeT or IGF activation induces activation of pI3K/Akt pathway 
independent of eGFR activation. In these cases MeT-specific inhibitor or hGF-inhibitor, inhibition of 
parallel pathway is a feasible strategy.
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it may be that only some clones are sensitive to erlotinib. Cytotoxic 
chemotherapy or radiotherapy administered after a resistance to 
the initial EGFR-TKI may modify the heterogeneous tissue dis-
tribution in sensitive or resistant cells. T790M, the most com-
mon resistant mutation, which enhanced oncogenicity, while 
T790M-harboring tumors in patients can display surprisingly 
slow rates of growth.9 Oxnard et al. observed a distinct growth 
disadvantage in T790M-containing cells vs. their TKI sensitive 
parental counterparts, this may be partly responsible for the re-
response phenomenon, and they allow us to predict that resistant 
tumors are likely a mixed population of TKI-sensitive and TKI-
resistant cells. Upon withdrawal of the selective pressure of TKI, 
previously arrested TKI-sensitive cells can now repopulate more 
quickly than resistant cells, and tumors may regain sensitivity 
to TKI. Transformation to small cell carcinoma is another pos-
sible mechanism of TKI resistance. Recently, it has been reported 
that even in a tumor that shows transformation to small cell 

carcinoma, there potentially remains a subpopulation of cells that 
are still sensitive to TKI.6 Switching to chemotherapy completely 
might allow these TKI-sensitive cells to regrow, likely causing 
the severe “flare” that has been described in 23% of patients a 
median of 8 d after stopping TKI.10 For these reasons, some clini-
cians prefer to combine TKI with chemotherapy to simultane-
ously treat TKI-resistant and TKI-sensitive cells. This strategy is 
feasible given that chemotherapy plus TKI has been found to be 
only minimally more toxic than chemotherapy alone.11The opti-
mal sequential schedule of erlotinib with chemotherapy remains 
to be confirmed.

Gene mutation changes
The patient was treated with gemcitabine between the initial 

and retreatment of erlotinib. Treatment with cytotoxic chemo-
therapy or the “drug holiday” might produce genetic changes in 
EGFR or other associated genes that regulate resistance to erlo-
tinib. It is reported that patients who develop recurrence after 

Figure 2. Tumor volume changes seen on CT (A) before the first erlotinib treatment; (B) 2 mo after the first erlotinib treatment.

Figure 3.Tumor volume changes seen on CT (A) before the gemcitabine treatment; (B) 2 cycles after gemcitabine retreatment.
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stopping TKI are unlikely to harbor a detectable T790M muta-
tion and can have better responses to TKI retreatment than those 
recurred while receiving TKI.12 Withdrawal of TKI from tumor 
cells in patients with acquired resistance leads to gradual loss of 
the T790M mutation, which might be responsible for this phe-
nomenon,9,13 such that sensitivity to EGFR-TKI is reacquired. 
Indolent growth of T790M-mutant cells, leading to overgrowth 
of parental cells harboring only the EGFR-sensitizing mutation 
(as mentioned above), or due to lost of EGFR alleles lying in 
extra-chromosomal double-minutes from cells without appropri-
ate selection pressure (TKI).14

Chemotherapy attacks tumor stem cell
EGFR-TKI therapy may increase the population of stem-

like cells and induce acquired resistance to EGFR-TKIs.15 It is 
strongly suggested that cancer stem-like cells are more resistant 
for cancer therapy than other cells with accumulating evidence. 
The treatment with EGFR-TKIs may cause more cancer stem-like 

cells survive than other cells. It is not easy for them to survive 
in such a severe condition due to chemotherapy or radiotherapy. 
This might be the reason for the response to erlotinib retreatment 
in our case, where chemotherapy reduced cancer stem-like cells. 
While in order to overcome the resistance for the EGFR-TKIs, 
more evidences of cancer stem-like cells existence are necessary, 
and it would be very important to clarify the molecular mecha-
nisms and biology of cancer stem-like cells.

Minakata et al. reported that hypoxia causes gefitinib resistance 
in NSCLC with both EGFR-Mut+ and EGFR-Mut− through the 
activation of wild-type EGFR mediated by the upregulation of 
tumor growth factor α (TGFα).16 Chemotherapy or radiotherapy 
might improve the hypoxic microenvironment, which reduce the 
resistance to TKI. Shingo Kagawa et al. proved that inhibition 
of Akt/mammalian target of rapamycin (mTOR) signal activa-
tion recovers sensitivity to gemcitabine in pancreatic cancer cells, 
combination of mTOR-inhibitor and gemcitabine is effective to 

Figure 4. Tumor volume changes seen on CT (A) before the second erlotinib treatment; (B) 3 mo after the second erlotinib treatment.

Figure 5. Tumor volume changes seen on CT (A) before the third erlotinib treatment; (B) 2 mo after the third time erlotinib treatment.
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gemcitabine-resistant pancreatic cancer.17Akt/mTOR pathway is 
involved in the mechanism of gemcitabine resistance by annexin 
II, erlotinib administered between gemcitabine inhibits Akt/
mTOR pathway, which might be the reason why gemcitabine 
was effective after failing first time in our case. What’s more, the 
resistance to TKI may naturally change over time.

There are still some disadvantages in our report. First, erlo-
tinib showed modest effects, almost no PR, on the CT images 
themselves. Nevertheless, targeted therapy is designed to inter-
fere with specific aberrant biological pathways involved in onco-
genesis and angiogenesis, which is in contrast to the generalized 
cytotoxic effects of standard chemotherapy. The effects of the 
new targeted therapy, such as angiogenesis inhibitors and anti-
vascular therapies, are more complex. Necrosis and cavitation 
without a change in size are frequently observed over a short 
period of time. With these newer treatments, lack of progres-
sion may be associated with a good improvement in outcome, 
even in the absence of major shrinkage of tumors as evidenced 
by PR or complete response (CR). Therefore, the effect of tar-
geted therapy is often underestimated by RECIST criteria based 
on tumor size. Considering these above limitations of CT on 
monitoring targeted therapy by RECIST, molecular imaging, 
which shows specific molecules and cellular processes, such as 
glycose metabolism and cell proliferation, may be more valid. 
Unfortunately, positron emission tomography (PET)/CT scan-
ning was refused by the patient because of the unaffordable costs 
of this examination.

Second, unfortunately, tumor biopsy specimens failed to be 
obtained after both resistance to erlotinib and response to erlo-
tinib retreatment due to the following reasons: (1) the patient 
refused to take percutaneous needle lung biopsy (PNLB) repeat-
edly because it is invasive; (2) considering the patient’s weak-
ness, it was too risky to take biopsies again. The change of gene 

mutation or microenvironment in tumor was not clear along with 
the therapy. Besides, from this, we found biopsies are invasive 
and not frequently repeated; in addition, the predictive power 
may be limited due to intratumoral expression heterogeneity. 
Considering these limitations of tissue specimens, some new 
methods for monitoring the therapeutic efficacy of drugs during 
the whole treatment course are needed, such as elevated plasma 
levels or serum cell free DNA levels or molecular imaging, which 
needs further researches.

Third, because the patient refused to choose any other che-
motherapy regimens except gemcitabine, we had to give him 
gemcitabine in the second-line and third-line chemotherapy 
after resistance to erlotinib, which doesn’t comply with standard 
treatment.

Conclusion

Erlotinib readministration after a certain interval should 
be considered as one of the therapeutic options for selected 
patients who showed a good response to initial erlotinib treat-
ment. Considering the repeated reversion of erlotinib resistance, 
TKI plus chemotherapy may be a feasible choice to avoid TKI 
resistance. Sequential or concurrent therapy needs more study. 
Besides, the patients must be selected, and the appropriate dose, 
the predictive biomarker, the timing of TKI therapy, which all 
require further more researches.
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