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Abstract: The clinical success of the epidermal growth factor receptor (EGFR) tyrosine kinase 

inhibitors (TKI) as therapeutic agents has prompted great interest in their further development 

and clinical testing for a wide variety of malignancies. However, most studies have focused on 

the efficacy of TKI, and few studies have been done on the criteria for their discontinuation. 

The current standard for drug discontinuation is “until progression”, based on change in tumor 

size. However, tumor size is not related to the gene expression which determines the efficacy of 

TKI in the final analysis, and it is also difficult to make a thorough and correct prediction based 

on tumor size when the TKI is discontinued. Nevertheless, clinical evaluation of the criteria for 

TKI discontinuation is still in its early days. Some promising findings have started to emerge. 

With the improving knowledge of EGFR and its inhibitors, it is expected that the criteria for 

discontinuation of EGFR inhibitor therapy will become clearer.
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Introduction
As is widely known, the epidermal growth factor receptor (EGFR) is a tyrosine kinase 

receptor that regulates the fundamental processes of cell growth and differentiation. 

Overexpression of EGFR and its ligands was reported in various epithelial tumors in 

the 1980s,1,2 and generated interest in EGFR as a potential target for cancer therapy.3–9 

Intensive research efforts have been rewarded in recent years because ATP site-directed 

EGFR tyrosine kinase inhibitors (TKI) have been found to show antitumor activity in 

subsets of patients with nonsmall cell lung cancer,10,11 squamous cell carcinomas of 

the head and neck,12 and certain other malignancies.13–17

However, these achievements cannot solve all the problems in this field, eg, 

agreement on the criteria for drug discontinuation. Although these criteria are usually 

simplified into “until progression”, it is still important to acknowledge the great 

complexity of this issue in the context of signal cross-talk with a large number of 

associated proteins. Therefore, more investigation of the criteria for discontinuation 

would be of great value, both in understanding how the EGFR signal pathway 

potentially responds and adapts when blocked by EGFR inhibitors for a long period 

of time at the level of basic research and in improving the effects of EGFR inhibitor 

therapy in clinical practice.

Historical origin of current criteria
The criteria used for discontinuation of EGFR inhibitor therapy are historical ones. 

On the one hand, at the early stage of development of EGFR inhibitor therapy, because 
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of technical limitations at that time, a lot of fundamental 

knowledge and basic theoretical considerations were missing, 

and several factors influencing the efficacy of EGFR inhibitors 

could not be elucidated either. Therefore, opportunities for 

investigation of the criteria for drug discontinuation were 

limited in clinical practice, and for various reasons, it 

was very difficult to establish an appropriate standard for 

discontinuation of EGFR inhibitor therapy at that time.18–22

On the other hand, although EGFR inhibitor therapy is 

very different from traditional chemotherapy, the designs 

used for clinical chemotherapy trials in the early stage of 

development of EGFR inhibitors influenced the parameters 

and methods used in subsequent studies of gene therapy. 

Therefore, as with chemotherapy, change in tumor size has 

become the main criterion for discontinuation of treatment 

with EGFR inhibitors.23 However, changes in the efficacy of 

an EGFR inhibitor are determined by gene and biomarker 

characteristics rather than by Response Evaluation Criteria 

in Solid Tumors Group (RECIST) criteria, whereby clinical 

response is determined by change in tumor size.18 Progression 

of tumor size and progression of gene expression are by no 

means different forms of the same concept, and tumor size 

has no relationship with the efficacy of an EGFR inhibitor. 

Therefore, in the final analysis, the current criterion used for 

discontinuation of EGFR inhibitor therapy lacks a theoretical 

basis, and is problematic in clinical practice.

First, even though tumor size may not be increased 

and significant changes in EGFR-related gene expression 

indicate that the patient is not suitable for continuation of 

medication, EGFR inhibitor therapy may be continued until 

progression according to the current criteria. Continuation 

of therapy results in more drug side effects for the patient 

and an increasing economic burden. Second, even if there 

is no significant change in EGFR-related gene expression 

confirming that the patient is suitable for continuation of 

medication, an increase in tumor size will mean that the 

patient has to stop EGFR inhibitor therapy according to the 

current criteria, thereby losing the opportunity for further 

treatment, such that the tumor size may increase more quickly 

with an added suffering burden for the patient. These two 

scenarios indicate a clear need for further investigation of the 

criteria for discontinuation of EGFR inhibitor therapy.

Although the current means of assessing the efficacy 

of EGFR inhibitors are important for determining the 

usefulness of drug continuation, there is no standard for drug 

discontinuation at this time. Nevertheless, the standard used 

for TKI discontinuation is without an adequate theoretical 

basis, and indepth analysis of this standard has shown us 

that the more the experience, the less the evidence. During 

the early stages of clinical use of the EGFR inhibitors, the 

criterion of “until progression” used for drug discontinuation 

was reasonable to some extent because of the limitations 

in fundamental research and clinical experience with these 

agents, and has contributed to standardizing the use of 

this therapy. However, with the progress in fundamental 

research and clinical trials, this criterion has gradually 

fallen behind clinical practice and become an obstacle to 

further development of the EGFR inhibitors. In order to 

improve further upon the efficacy of EGFR inhibitor therapy, 

consideration of new criteria for drug discontinuation has 

become urgent in the field of cancer therapy.

Discontinuation before progression 
versus continuation until 
progression
Acquired drug-resistance determines whether or not drugs 

should be discontinued before progression. Cellular levels 

of EGFR do not always correlate with the response to a 

TKI, indicating acquired resistance to EGFR therapy. 

 Morgillo and Lee24 have published a detailed review 

suggesting that acquired resistance can occur as a result 

of several different molecular mechanisms, ie, autocrine/ 

paracrine production of ligand, receptor mutation, 

constitutive activation of the downstream pathway, and 

activation of alternative pathways. The question of TKI 

discontinuation arises because of the acquired resistance 

problem. In the present review, we discuss four aspects 

of this problem, and whether long-term treatment could 

activate these mechanisms.

Autocrine/paracrine production of ligand
The data25–32 suggest that the presence of high levels of 

ligand could enhance EGFR pathways, leading to increased 

 sensitivity to EGFR TKI, and that the presence of low levels 

of ligand could reduce EGFR pathways, leading to decreased 

sensitivity to EGFR TKI. Ferrer-Soler et al33 recently 

 suggested that gefitinib-induced changes in endogenous 

levels of EGF-related ligands were correlated with the natural 

degree of sensitivity of cancer cells to gefitinib. While cancer 

cells intrinsically resistant to gefitinib markedly upregulated 

the expression of genes coding for HER-specific ligands, a 

significant downregulation of HER ligand gene transcription 

was found in breast cancer cells intrinsically sensitive to 

gefitinib.
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Receptor mutations and amplification
Receptor mutations have been shown to be important 

mechanisms of drug resistance for EGFR TKI.34 And lots 

of factors have been implicated, including EGFRvIII,35,36 

exons 18–21,37,38 T790M,39 and K-ras.40 All these mutations 

might lead to acquired resistance to TKI. Not only receptor 

mutations but also receptor amplification can affect drug 

resistance to TKI in tumor tissue, eg, MET, a receptor 

tyrosine kinase for hepatocyte growth factor. Bean et al41 

reported that amplification of MET in lung tumors with 

acquired resistance is more common than that in untreated 

lung tumors. Dysregulation of MET signaling has been 

shown to contribute to tumorigenesis in various cancers via 

activating mutations (eg, papillary renal cell carcinomas)42 or 

via high-level amplification (eg, gastric cancers).43 Therefore, 

many mutations and amplification have a relationship with 

the sensitivity of TKI, and the question arises regarding 

whether TKI can activate these factors and influence their 

sensitivity to these inhibitors?

Recent studies go some way towards answering this 

question. Engelman et al44 isolated gefitinib-resistant clones 

from HCC827 lung cancer cells (EGFR exon 19 deletion and 

amplification) by exposing the cells to increasing concen-

tration of gefitinib. The resistant cells, except for parental 

cells, harbored MET amplification, and inhibition of MET 

by specific TKI restored their sensitivity to gefitinib. Further, 

amplification of MET was found in about 20% of patients, 

with acquired resistance identified in only 3% of untreated 

patients.44,45 Interestingly, MET amplification sometimes 

coexisted with the T790M mutation,45 and one patient was 

reported to have two independent resistant tumors, one of 

which had the T790M mutation and the other had MET 

amplification. These suggest that long-term treatment with 

TKI might activate mutations and amplifications, and induce 

resistance to TKI.

Constitutive activation  
of the downstream pathway
The molecular mechanisms of acquired resistance can 

involve several processes, such as persistent activation of 

downstream signaling steps as well as the phosphoinositide 

3-kinase (PI3K)/Akt and mitogen-activated protein kinase 

(MAPK) pathways.46–48 Many studies have suggested that 

at least one of these pathways defines a resistant phenotype 

unaffected by EGFR inhibitor therapy, and that p27/PTEN 

expression might play an important role in the outcome of 

treatment.49–53 These are the mechanisms of drug resistance, 

and also the factors that are activated when tumor cells are 

blocked for a long time. Further, there is some evidence that 

the PI3K/Akt and/or Ras/MEK/MAPK signaling pathways 

could be activated by TKI.

In myelogenous leukemia,54 in order to study resistance 

to TKI targeting FLT3, a receptor tyrosine kinase that 

is frequently mutated in acute myelogenous leukemia, 

researchers have developed resistant human cell lines by 

prolonged cocultivation with FLT3 TKI. The data indicate 

that FLT3 TKI-resistant cell lines often show continuous 

activation of downstream PI3K/Akt and/or Ras/MEK/MAPK 

signaling pathways. Mutational screening of FLT3 TKI-

resistant cell lines also revealed activating N-Ras mutations 

in two cell lines that did not exist in the parental FLT3 

TKI-sensitive cell line. Considering all these observations, 

these data indicate that FLT3 TKI-resistant cells would can 

evolve into cells that are not FLT3-dependent because of 

activation of downstream signaling pathways that provide 

compensatory survival/proliferation signals when FLT3 is 

inhibited.

Activation of alternative pathways
Signaling through the insulin-like growth factor I receptor 

(IGF-IR) could represent an alternative cell survival pathway, 

resulting in resistance to EGFR blockade.49,55–57 Two major 

pathways are thought to originate from IGF-IR. One is via 

insulin receptor substrate-1, which activates the PI3-K/Akt 

pathway, and the other is via Shc, which activates the Ras/Raf/

MEK/ERK pathway. It is generally accepted that activation 

of IGF-IR plays a key role in resistance to TKI.58,59

In many cancer cells, acquired resistance to gefitinib has 

been shown to be associated with increased signaling via 

the IGF-IR pathway, which also plays a role in the invasive 

phenotype of gefitinib-resistant cells.60–63 Recently, some 

reports have indicated that IGF-I-induced ERK activation 

and crosstalk between IGF-IR and EGFR occurring via an 

autocrine mechanism involving matrix metalloprotease-

dependent release of HB-EGF accounts for most IGF-I-

stimulated Shc phosphorylation and activation of the ERK 

cascade. Similar results have been reported using mammary 

epithelial cells, showing that IGF-I-induced ERK activation 

is dependent on EGFR transactivation rather than being 

mediated by HB-EGF shedding.49,64 However, the real nature 

of this crosstalk still needs further research. Overall what we 

can confirm is that IGF-IR represents a cell survival pathway 

and IGF-1 is an important regulatory factor of TKI resistance. 

From a different perspective, when we block EGFR for a long 
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period of time, what will happen to IGF-I, ie, when the main 

stream is blocked, how will the tributary change?

In summary, the autocrine/paracrine production of 

ligands, receptor mutation, constitutive activation of the 

downstream pathway, and activation of alternative pathways 

are all important mechanisms of acquired resistance to 

TKI therapy. However, the mechanisms underlying this 

acquired resistance are still unknown in many cases. Further 

clarification of the factors leading to acquired resistance is 

essential to maximize the efficacy of EGFR TKI therapy. 

Nevertheless, looking at a leopard through a bamboo tube, 

we can find some variation in the trend of the factors relating 

to drug resistance when TKI therapy is used for a long time. 

Further, more and more research has demonstrated that a 

lot of these factors may change before tumor size improves. 

At the same time, they are the main mechanisms of drug 

discontinuation before progression.

Is continuation of medication 
necessary after progression?
No large-scale randomized trials have been done to determine 

whether continuation of medication is more effective 

than discontinuing EGFR inhibitors after progression, 

and the mechanisms involved also need further research. 

Nevertheless, some small-scale clinical trials have provided 

a basis for indepth study and indicate that continuation of 

EGFR inhibitors might be beneficial in certain cancers.

Many patients with a gastrointestinal stromal tumor or 

HER2-amplified breast cancer continue to use these agents 

after disease progression is documented radiographically 

because some tumor cells still remain sensitive to imatinib 

or trastuzumab. Meanwhile, patients with a gastrointestinal 

stromal tumor and objective evidence of disease progression 

have been reported to suffer an acute exacerbation or 

appearance of symptoms after withdrawal of imatinib. 

Investigators have carried out positron emission tomography 

to show the consequences of withdrawal of imatinib in 

patients with gastrointestinal stromal tumors, and a “flare” 

in tumor metabolism has been seen to appear after stopping 

imatinib. Similarly, women with HER2-amplified breast 

cancer often continue to receive treatment with trastuzumab 

despite progressive disease. However, few prospective 

trials have been done to investigate the therapeutic role 

of continuing trastuzumab after development of acquired 

resistance, and retrospective reviews on this issue have 

generated conflicting results.65–67

Unlike monoclonal antibodies, TKI do not affect inter-

nalization of the receptor and is often not specific for EGFR. 

In an attempt to identify any possible differences between the 

RGFR inhibitors available in this regard, Riely et al68 enrolled 

ten patients with nonsmall cell lung cancer and acquired resis-

tance to erlotinib or gefitinib, obtained baseline tomography 

and 18-fluoro-2-deoxy-D-glucose (FDG) positron emission 

tomography scans, then restarted these patients on erlotinib 

or gefitinib after drug discontinuation for 3 weeks. In this 

study, symptoms were aggravated in patients with acquired 

resistance after drug discontinuation, and larger tumor sizes 

and increased FDG avidity in the primary tumor were seen. 

The symptoms resolved and FDG uptake in the primary 

tumor decreased after restarting erlotinib or gefitinib. This 

suggests that some tumor cells remained sensitive to EGFR 

blockade. This prospective study of ten patients who previ-

ously responded to erlotinib or gefitinib suggests continued 

benefit from treatment with erlotinib or gefitinib despite 

documented progression of disease by RECIST criteria.

There are several possible mechanisms for the observed 

improvements seen in the above work. Firstly, the research 

cited above indicates that radiographic or symptomatic 

exacerbation commonly occurred within 3 weeks after 

discontinuation of gefitinib or erlotinib, possibly because 

3 weeks was long enough for clearance of the drug 

(more than five half-lives for gefitinib or erlotinib) and 

achievement of a new steady state.68 Thereafter, from the 

pharmacokinetic perspective, TKI might have a marked 

effect. Further, patients with nonsmall cell lung cancer who 

initially responded to erlotinib or gefitinib therapy showed 

progression after a median of 12–13 months.69,70 After 

patients developed acquired resistance confirmed on medical 

imaging, continuing use of erlotinib or gefitinib would lead 

to a surge in the rate of EGFR T790M mutation which, in 

vitro, conferred resistance to treatment with erlotinib and 

gefitinib. However, in patients with acquired resistance, 

tumor cells bearing EGFR T790M represented a minority of 

cells, and as such, part of the tumor may remain responsive 

to erlotinib or gefitinib.71,72 The other signal pathway-related 

EGFR followed the same principles. Partially based on our 

anecdotal observations of more rapid progression of disease 

after discontinuation of EGFR inhibitors in patients who 

had initially responded to treatment, we hypothesize that 

continued treatment might be of value as well for patients 

with acquired resistance to EGFR inhibitors. In addition, 

with growing interest in intermittent tumor treatment (eg, 

hormonal deprivation and chemotherapy for prostate cancer), 

the real possibility of intermittent TKI treatment has become 

appealing. Intermittent tumor treatment using hormonal 

deprivation is generally used with treatment-free periods not 
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exceeding 6 months, so drug resistance patterns in prostate 

cancer might be different. But in the trial, the interval time 

was only 3 weeks regardless of the variation tend.

Outstanding questions
Developments in basic research on the EGFR signal 

pathway are laying the foundations for an EGFR inhibitor 

discontinuation study, but further progress in fundamental 

research of this pathway is needed. In spite of 30 years of 

investigation, the EGFR and its signaling pathway are still 

not fully understood. Indepth and extensive research in this 

field is also needed to identify an intervention for overcoming 

resistance to EGFR inhibitors. It is not clear if there are any 

factors in addition to, eg, PTEN, IGFR-1, K-ras, T790M, 

and the exons of EGFR that participate in this process and 

promote drug-resistance? The more we know about the EGFR 

pathway, the better the chance of formulating criteria for 

discontinuation of TKI.

Identification of factors influencing EGFR resistance 

needs further research. Since there are numerous factors 

involved in the EGFR pathways, it will take a long time to 

determine whether a certain factor is correlated precisely 

with EGFR inhibitor resistance and influences drug 

discontinuation.73,74 Sometimes this may contradict the 

results of previous research in this field. For example, it has 

been reported the K-ras mutation is a predictor of resistance 

to TKI.40 However, recent research75,76 has found that even 

though K-ras is mutated, the tumor cells affected are still 

sensitive to TKI. It is unclear which of these observations 

is correct, or whether there may be a difference in the 

effects of K-ras mutation in different tumors. Identification 

of factors related to drug discontinuation may also take a 

repeating and devious route. When identified, these factors 

will influence the process of establishing standard criteria for 

discontinuation. If an EGFR inhibitor is discontinued upon 

progression, what is the next therapeutic modality? In the 

meantime, until new criteria for progression are established 

at the molecular level, what treatment should we use after 

EGFR inhibitor withdrawal?

First, multitargeting seems to be a promising strategy. 

Depending on which molecular factors are activated by 

long-term EGFR inhibitor treatment or correlated with 

EGFR inhibitor resistance, we could determine appropriate 

alternative targeted therapy, and then block the mechanism of 

drug resistance, enabling tumor cells to be reinhibited.75,77,78 

However, multitargeted therapy needs further research, and its 

potential side effects could not be ignored. In theory, the side 

effects of targeted therapy can be expected to be relatively 

few. However, with rapid development and extensive 

application of the EGFR inhibitors, more and more patients 

are being identified as being unable to tolerate the side effects 

of targeted therapy, even when treated for a relatively short 

time. When multiple targets are blocked, the added burden 

of more side effects would be difficult for patients to bear. 

At the same time, inability of patients to tolerate side effects 

is also a criterion for drug discontinuation, and one which is 

unlikely to change.79 Because of this drawback, it is inevitable 

that increasing numbers of patients will lose their opportunity 

for treatment before new “progression”. On the other hand, 

multitargeted therapies will certainly activate more factors 

related to drug resistance. When more and more factors are 

activated, what can we do next? Moreover, when multiple 

targets are blocked, other factors will be activated more 

easily, and shorten the duration of effect of multitargeting. 

Should we aim at more and more targets? If so, how do we 

mitigate the side effects and reduce the financial burden for 

patients?

Second, some investigators have advocated that first-line 

chemotherapy might be effective in patients with resistance 

for EGFR inhibitors after first, second-line chemotherapy, 

and EGFR inhibitor therapy sequentially. The main issue 

here is that resistance to first-line chemotherapy might 

change if the chemotherapy had been used a long time earlier. 

However, whether resistance to first-line chemotherapy has 

changed needs to be explored further, and efficacy is rarely 

documented in the literature.

Third, more powerful EGFR inhibitors might be effective 

when the present EGFR inhibitors have no effect, and these 

also need further research and clinical investigation.80 If 

we continue to use EGFR inhibitors after progression, how 

long should they be used and how do we evaluate their 

benefits and side effects in patients? If we continue to use 

an EGFR inhibitor after progression, should treatment be 

continued until death or an earlier time point? Moreover, 

how can we weigh the suffering caused by side effects against 

the benefit of tumor suppression in patients on long-term 

treatment with these agents? Can we evaluate quality of life 

by the survival time? On the other hand, if we continue to use 

an EGFR inhibitor for a patient and the tumor is still out of 

control, is it appropriate to continue treatment? If necessary, 

how and when therapy should be added? Furthermore, how 

should we evaluate the efficacy of an EGFR inhibitor when 

it is combined with other therapeutic modalities? Clinical 

studies addressing these questions are rare.

It should be noted that the biological theories and 

hypotheses outlined here are mostly based on preclinical 
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experience and have not yet been verif ied in clinical 

studies. However, there are some objective reasons for 

the deficiencies in the clinical trials performed to date. 

Firstly, in the past, TKI therapy has been used in patients 

who have failed chemoradiotherapy. Once patients have 

failed, most need to be treated with a TKI for a relatively 

long period and their survival time is relatively short. 

Therefore, although TKI treatment was used, it was 

difficult to observe drug resistance to TKI because of the 

short survival time. Secondly, EGFR signal transduction 

is so complex that one or two mechanisms cannot explain 

it clearly, which compounds further the diff iculty in 

performing clinical trials. As a result, few people are 

willing to undertake research in this area. Finally, although 

many pharmaceutical companies will support studies on 

how to use a drug, not many will fund research on how to 

discontinue it.

Conclusion
EGFR represents a typically successful case of “gene 

therapy” as well as a classic case of a process where pathway 

research has developed into rational therapeutic strategies. 

However, with clinical development of the EGFR inhibitors, 

new challenges have continued to emerge. Reports on 

criteria for discontinuation of EGFR inhibitor therapy are 

rare at present. In our opinion, changes in delivery of EGFR 

inhibitor therapy should be based on changes in detection of 

genes and biomarkers of response for assessment of clinical 

benefit, rather than on changes seen on imaging. The criteria 

for discontinuation of EGFR inhibitor therapy will definitely 

need to be changed in the future. However, it is important to 

note that targeting EGFR is still a relatively novel approach 

at present, and our knowledge of how to optimize such 

treatment is still unclear. More fundamental research and 

clinical experience are needed.81
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