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Overview

The prospective identification and therapeutic targeting of oncogenic tyrosine kinases with 

tyrosine kinase inhibitors (TKIs) has revolutionized the treatment of patients with non-small cell 

lung cancer (NSCLC). TKI therapy frequently induces dramatic clinical responses in molecularly 

defined cohorts of lung cancer patients, paving the way for the implementation of ‘precision 

medicine’. Unfortunately, acquired resistance, defined as tumor progression after initial response, 

seems to be an inevitable consequence of this treatment approach. This brief review will provide 

an overview of the complex and heterogeneous problem of acquired resistance to TKI therapy in 

NSCLC, with a focus on EGFR-mutant and ALK-rearranged NSCLC. In vitro models of TKI 

resistance as well as analysis of tumor biopsy samples at the time of disease progression have 

generated breakthroughs in our understanding of the spectrum of mechanisms by which a tumor 

can thwart TKI therapy and have provided important rational for development of novel approaches 

to delay or overcome resistance. Numerous on-going clinical trials implement strategies, including 

novel, more potent TKIs as well as rational combinations of targeted therapies, some of which 

have already proven to be effective in surmounting therapeutic resistance.

A. Molecular cohorts of Non-Small Cell Lung Cancer

Therapeutic targeting of oncogenes has emerged as a preeminent treatment paradigm for 

patients with NSCLC. Beginning in 2004 with the initial identification of EGFR mutations 

in a subset of lung adenocarcinomas (1-3), a decade later, molecular profiling of lung 

cancer, particularly lung adenocarcinoma, has evolved into a complex spectrum of clinically 

relevant and therapeutically actionable genomic alterations. These alterations occur at 

varying frequencies and at present, have varying levels of clinical evidence to support the 

use of targeted inhibitors in each setting. To date, the most well described molecular cohorts 

of NSCLC are those defined by the presence of EGFR mutations and ALK rearrangements. 

Treatment of patients with EGFR-mutant and ALK-rearranged NSCLC with specific 

tyrosine kinase inhibitors (TKIs) which target the EGFR and ALK tyrosine kinases, 

respectively, has led to remarkable clinical responses, including often dramatic tumor 
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shrinkage and increased progression free survival (PFS) compared to standard cytotoxic 

chemotherapy (4-10).

Unfortunately, despite the exciting results, virtually every patient who receives TKI therapy 

and has an anti-tumor response will eventually develop disease progression. This tumor 

relapse while the patient is still receiving drug therapy is called ‘acquired resistance’ and 

typically occurs within 1-2 years after the initiation of the TKI (4-8, 11, 12). The 

development of drug resistance remains a major limitation to the successful treatment of 

patients with advanced NSCLC. Therefore, numerous pre-clinical and clinical studies have 

been directed at identifying and understanding on a mechanistic level the tumor specific 

factors which lead to acquired resistance in NSCLC. Given the complexity of the topic, in 

this review, we will specifically focus EGFR mutant and ALK-rearranged NSCLC as 

paradigms for the use of targeted therapies and the battle to overcome acquired TKI 

resistance in this disease.

B. EGFR mutant NSCLC

EGFR is the gene which encodes for the epidermal growth factor (EGF) receptor tyrosine 

kinase. EGFR propagates growth and survival signals through several downstream pathways 

within the cell, including the RAS-RAF-MEK-ERK (MAP kinase) and the PI3K-AKT-

mTOR pathway. In NSCLC, EGFR mutations are typically detected in exons 18-21, which 

encode part of the EGFR tyrosine kinase domain. Approximately 90% of these mutations 

are small in-frame deletions in exon 19 or point mutations in exon 21 (L858R) (13). These 

mutations activate EGFR kinase activity and are typically detected in lung adenocarcinomas 

with a frequency of approximately 10% of patients with NSCLC in the United States and 

35% in Asia(1-3).

EGFR mutations confer sensitivity to and are strong predictors of efficacy for the EGFR 

tyrosine kinase inhibitors (TKIs). Several classes of EGFR TKIs have been tested in tumors 

harboring activating EGFR mutations, including the “first-generation” drugs erlotinib and 

gefitinib and the “second-generation” drugs, afatinib, dacomitinib, and neratinib. Several 

randomized phase 3 studies have now demonstrated that patients with EGFR-mutant tumors 

(particularly the exon 19 deletion and L858R mutants) display an approximate 60-70% 

radiographic response rate (RR) and PFS of approximately 10-13 months with erlotinib, 

gefitinib, or afatinib therapy (4-8, 14, 15). These treatment outcomes are superior to those 

obtained with standard platinum based chemotherapy in the same patient population. 

Therefore, EGFR TKIs are now recommended as first line therapy for patients with EGFR 

mutant lung cancer. In the United States, erlotinib and afatinib are both approved by the 

Food and Drug Administration (FDA) as first line therapy for patients with EGFR mutant 

lung cancer.

C. Acquired Resistance to EGFR TKI therapy

Acquired resistance to EGFR TKIs is a complex and heterogeneous phenomenon, with 

multiple potential mechanisms whereby the tumor evades the anti-EGFR directed therapy. 

However, the end result for each potential mechanism is sustained signaling through 

downstream pathways, such as the MAP kinase and PI3K-AKT-mTOR pathways, which 
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propagate pro-growth and pro-survival signals within the tumor. Numerous in vitro studies 

modeling EGFR TKI resistance in EGFR mutant lung cancer cell lines as well as studies of 

actual patient tumor samples at the time of progressive disease on EGFR TKI therapy (16, 

17) have yielded important insights into the underlying molecular pathogenesis of acquired 

resistance (Figure 1). These mechanisms include: (1) modification of the target oncogene, 

particularly the T790M ‘second site’ mutation, (2) upregulation of parallel signaling 

pathways, such as MET or HER2, to circumvent the inhibited EGFR, and (3) histological 

transformation, such as epithelial to mesenchymal transition or small cell transformation. 

Overall, a thorough understanding of the mechanistic basis for acquired resistance is 

paramount for developing strategies to delay or overcome resistance. Here, we will focus on 

clinically relevant mechanisms of acquired resistance and proposed strategies to treat 

progressive disease.

C.1. Strategies to overcome resistance mediated by EGFR target modification

Genomic alterations in the drug target, such as amplification and/or second site mutations, 

have been shown to occur as a common mechanism of resistance in many oncogene driven 

cancers treated with kinase inhibitor therapy. For example, second site mutations within the 

target oncogene have been described for BCR-ABL in CML (18), EGFR in NSCLC (19, 

20), ALK in NSCLC (21, 22), and ROS1 in NSCLC (23). In the case of EGFR mutant 

NSCLC, the most common second site mutation involves substitution of a methionine in 

place of a threonine at position 790 (T790M) in the EGFR kinase domain. This T790M 

‘gatekeeper’ mutation is the most common target-specific alteration identified in 

approximately 50% of patients with acquired resistance to the EGFR TKIs, erlotinib and 

gefitinib (19, 20). The T790M mutation is thought to confer TKI resistance through steric 

hindrance which interferes with drug binding and/or through alterations in the ATP affinity 

of the EGFR kinase (24). Several other second-site mutations within the EGFR kinase 

domain have also been to confer resistance to EGFR TKI therapy, though these mutations 

appear to occur at a much lower frequency (25).

In the case of T790M mediated resistance, one potential strategy to overcome resistance is 

through the development of novel EGFR inhibitors with increased potency. Erlotinib and 

gefitinib are ‘first-generation’ EGFR TKIs which were designed against wild-type EGFR 

and which reversibly bind to the EGFR kinase domain. ‘Second-generation’ inhibitors, such 

as afatinib, neratinib, and dacomitinib, irreversibly bind to the EGFR kinase domain and 

have activity against other EGFR (ErbB1) family members, including HER2 (ErbB2), HER2 

(ErbB3), and/or HER4 (ErbB4). The initial hypothesis was that these ‘second-generation’ 

inhibitors would be able to overcome the T790M mutation. Indeed, pre-clinical data in cell 

line models did show that the irreversible inhibitors can overcome T790M in vitro (26-28).

While the ‘second-generation’ EGFR/HER2 TKI, afatinib, is FDA-approved for first-line 

therapy in EGFR mutant NSCLC (8), this agent has not yet proven to be a promising therapy 

in the setting of acquired resistance to ‘first-generation’ EGFR TKIs, such as erlotinib and 

afatinib, despite the in vitro studies suggesting that afatinib can overcome T790M. In the 

phase 3 LUX-lung 1 study, patients with advanced NSCLC, who had previously been 

treated with erlotinib or gefitinib for at least 12 weeks, were randomized to receive afatinib 
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or placebo. There was no molecular selection for EGFR mutation required for entrance into 

the study, and the molecular mechanism(s) underlying the patient’s progressive disease on 

erlotinib or gefitinib were unknown. The RR and PFS were superior with afatinib, but the 

study did not meet its primary endpoint of improved overall survival in all study participants 

or in the subset of patients with known EGFR mutant lung cancer (29). Likewise, there were 

no responses in patients with known T790M in clinical trials of other ‘second-generation’ 

EGFR TKIs, including neratinib (30) and dacomitinib (31).

More recently, there has been tremendous excitement surrounding the clinical development 

of ‘third-generation’, mutant specific EGFR inhibitors. These ‘third-generation’ EGFR TKIs 

are irreversible inhibitors, analogous to the ‘second-generation’ EGFR TKIs, however, they 

have higher specificity for mutant EGFR (including T790M) compared to wild-type EGFR. 

There are several agents in this class, including AZD9291, rociletinib (CO-1686), 

HM61713, ASP8273, and EGF816. Of these agents, the mutant specific EGFR TKIs with 

the most clinical data reported to date include AZD9291 and rociletinib (CO-1686). Both 

AZD9291 and rociletinib have activity against EGFR activating (e.g. L858R, exon 19 

deletion) and EGFR resistance (e.g. T790M) mutations, with little inhibition of wild-type 

EGFR (32, 33).

Results of a phase 1 study of AZD9291, which included both the dose escalation and dose 

expansion cohorts, were presented at ESMO 2014 (34). Among all evaluable patients, the 

overall RR in the T790M positive cohort was 61% (78/127 patients) with a PFS of 9.6 

months. In the T790M negative cohort, the overall RR was 21% (13/61) with a PFS of 2.8 

months. The most common adverse events (AEs) were diarrhea (39%), rash (36%) and 

nausea (18%), most of which were mild. Overall, AZD9291 appears to be well tolerated 

with dose reductions infrequently needed in the study population.

Analogously, promising results were reported for the Phase 1/2 trial of rocelitinib 

(CO-1686). In the TIGER-X study, two formulations and multiple doses/schedules of 

rociletinib were evaluated (35). Data from 56 T790M-positive patients treated with 

rociletinib at the recommended phase 2 dose of 625mg twice a day (n=30) and the step-

down dose of 500mg twice a day (n=26) indicated a 67% overall RR in the 27 patients with 

evaluable disease. Median PFS was 10.4 months. CO-1686 is well tolerated with 

hyperglycemia as a frequent adverse event (32% all grades and 14% grade 3/4).

Numerous other mutant specific EGFR inhibitors are being evaluated in clinical trials, 

including HM61713 (NCT01588145), ASP8273 (NCT02192697, NCT02113813), and 

EGF816 (NCT02108964). Overall, these mutant specific EGFR TKIs appear to be the most 

effective therapeutic strategy tested to date to overcome T790M-mediated acquired 

resistance to erlotinib, gefitinib, and afatinib. In fact, both AZD9291 and rociletinib received 

FDA breakthrough status in 2014.

Despite the excitement surrounding the show efficacy of mutant specific EGFR TKIs in 

T790M-positive tumors, there still remains a large cohort (40-50%) of patients with T790M-

negative tumors who have developed acquired resistance to erlotinib, gefitinib, or afatinib. 

One potential strategy that has been postulated for this cohort includes a combination of the 
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EGFR monoclonal antibody, cetuximab, combined with afatinib, in patients with acquired 

resistance. This combination, which dual targets EGFR, has been studied pre-clinically (36) 

and in phase 1 clinical trials (37). Amongst the 126 patients treated with this combination, 

the objective RR was 29% and was comparable in T790M-positive and T790M-negative 

tumors (32% vs. 25%; P = 0.341). Median PFS was 4.7 months. Adverse events included 

expected toxicities of EGFR inhibitors, such as rash, diarrhea, and fatigue. Therapy-related 

grade 3/4 adverse events occurred in 44%/2% of patients, respectively. Studies of afatinib 

and cetuximab in both the first-line setting and at the time of acquired resistance are being 

planned.

C.2. Strategies to overcome resistance mediated by bypass signaling pathways

The majority of focus and attention with respect to acquired resistance to EGFR TKIs has 

centered upon overcoming resistance mediated by the T790M mutation. However, several 

recent reports have described alternative ways in which a tumor may circumvent inhibited 

EGFR, specifically through activation of collateral signaling networks which can transmit 

the same downstream pro-growth and pro-survival effects within the tumor. Therapeutic 

strategies aimed at overcoming resistance mediated by this ‘bypass signaling’ are typically 

devised to provide continuous inhibition of the driver oncogene (e.g., EGFR) while also co-

inhibiting the compensatory signaling loops which circumvent the inhibited driver. 

Activation of several different receptor tyrosine kinases have been documented at the time 

of acquired resistance to erlotinib and gefitinib, including MET (16, 17), HER2 (38), HER3 

(39), IGF-1R (40), FGFR1 (41), and AXL (42). In addition, activation of the MAP kinase 

pathway can drive EGFR TKI resistance in vitro and in vivo (43). The MAP kinase pathway 

may be activated in this context by virtue of mutations in BRAF, a component of the MAP 

kinase signaling cascade, as well as through reduced expression of neurofibromin, a RAS 

GTPase-activating protein (GAP) encoded by the NF1 gene which functions as a negative 

regulator of RAS (44). Finally, activation of the PI3K-AKT-mTOR pathway, by virtue of 

PIK3ca mutations, can drive resistance to erlotinib and gefitinib (17).

Numerous clinical trials have been designed to test rational drug combinations which may 

overcome therapeutic resistance by targeting bypass signaling pathways. Unfortunately, 

results to date have been somewhat disappointing (For review see (45)).

C.3. Strategies to overcome resistance mediated by histological transformation

Changes in tumor histology, including epithelial to mesenchymal transformation (EMT) as 

well as transformation to small cell lung cancer (SCLC), have been documented at the time 

of acquired resistance to EGFR TKIs (16, 17). The molecular mechanisms initiating these 

phenotypic changes have not been clearly elucidated to date. In the fraction of patients with 

EGFR TKI resistance driven by SCLC transformation (3-14%), the original EGFR mutation 

is retained. These patients may benefit from treatment with standard platinum based 

chemotherapy regimens used in the standard management for SCLC (46, 47).
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D. ALK-rearranged NSCLC

ALK is the gene which encodes for the anaplastic lymphoma kinase. ALK is a receptor 

tyrosine kinase that is normally expressed in the developing nervous system (48), however, 

genomic alterations in ALK – including ALK amplification, activating point mutations in the 

ALK kinase domain, and ALK chromosomal rearrangements - are found in a wide variety of 

malignancies (49). In NSCLC, ALK is activated through chromosomal rearrangements, 

most commonly EML4-ALK, which is a fusion between echinoderm microtubule-

associated protein-like 4 (EML4) and ALK, both on chromosome 2. Analogous to EGFR, 

ALK fusion proteins signal downstream through the MAP kinase and the PI3K-AKT-mTOR 

pathways. ALK rearrangements are typically detected in lung adenocarcinoma and occur at a 

frequency of approximately 3-7% (11, 50).

Several large clinical trials have now shown that patients with advanced NSCLC harboring 

ALK rearrangements derive significant clinical benefits from treatment with ALK TKI 

therapy. Crizotinib is the first-in-class ALK TKI to be tested in this patient population. Of 

note, in addition to ALK, crizotinib also targets MET and ROS1. In the phase 1, first-in-man 

study of crizotinib in patients with advanced NSCLC harboring an ALK rearrangement 

(PROFILE 1005) , the objective RR was 60.8% (87/143 patients) and the median PFS was 

9.7 months (11, 51). Based on the high RRs documented in this study, crizotinib was granted 

FDA approval in 2011 for the treatment of advanced, ALK-rearranged NSCLC. Crizotinib 

has also been studied in randomized phase 3 trials. In PROFILE 1007, crizotinib was 

compared with single agent chemotherapy (pemetrexed or docetaxel) in patients with ALK-

rearranged NSCLC who had disease progression after first line platinum-based 

chemotherapy. Crizotinib therapy resulted in higher RRs (65% crizotinib vs. 20% 

chemotherapy) and significantly longer PFS (7.7 months crizotinib vs. 3.0 months 

chemotherapy) (9). There was no difference in OS between the groups (20.3 vs. 22.8 months 

for crizotinib vs. chemotherapy), likely due to significant crossover of patients from the 

chemotherapy arm at the time of disease progression. In the PROFILE 1014 study, crizotinib 

was evaluated in the first-line setting versus chemotherapy (cisplatin or carboplatin plus 

pemetrexed) in 343 patients with advanced, ALK-rearranged NSCLC (10). The objective RR 

was 74% with crizotinib versus 45% with chemotherapy, and PFS was significantly longer 

(10.9 months for crizotinib vs. 7.0 months for chemotherapy). Median overall survival was 

not reached in either group. Therefore, crizotinib is now recommended as first line therapy 

for patients with ALK-rearranged lung cancer.

E. Acquired Resistance to ALK TKI therapy

Analogous to EGFR mutant lung cancer treated with EGFR TKI therapy, acquired resistance 

to the ALK TKI therapy remains a barrier to the most effective management of this disease. 

Also analogous to EGFR, acquired resistance to ALK inhibition appears to be a complex 

and heterogeneous phenomenon which can be mediated through modification of the target 

oncogene and upregulation of parallel signaling pathways to circumvent the inhibited ALK 

fusion protein. Acquired resistance to ALK TKI therapy, particularly crizotinib, has been the 

focus of intense basic science and clinical research (Figure 2). Target gene modification, 

including ALK amplification and mutation within the ALK kinase domain, have been 
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described in both pre-clinical models as well as in patient tumor samples at the time of 

disease progression on crizotinib therapy (21, 22, 52). Unlike EGFR where T790M is the 

predominant mutation found in 50-60% of patients with EGFR TKI resistance, only ~1/3rd 

or less of patients with crizotinib resistant tumors harbor an ALK kinase domain mutation 

and there are numerous mutations which can drive resistance. The two most common 

mutations described to date include L1196M, which is at the ‘gatekeeper’ position and is 

analogous to EGFR T790M, and G1269A, where G1269 is the residue immediately before 

the conserved DFG activation motif in the kinase domain (21, 22). Other ALK kinase 

domain mutations which can drive resistance include T1151ins, L1152R, C1156Y, I1171T, 

F1174L, G1202R, and S1206Y (21, 22, 53-55). Interestingly, these different mutations can 

confer a variable degree of crizotinib resistance in vitro (21). In addition, to underscore the 

heterogeneity of crizotinib resistance, the C1156Y and L1196M ALK mutations were both 

found at different tumor sites within the same patient at the time of crizotinib resistance 

(53).

Activation of alternative signaling pathways which can bypass the drug inhibited ALK 

fusion protein has also been described as a mechanism of crizotinib resistance. This bypass 

pathway activation can be driven by both genomic and non-genomic changes. For example, 

increased EGFR phosphorylation (without EGFR mutation or amplification) was observed 

in 4/9 tumor biopsy samples at the time of crizotinib resistance compared to the pre-

crizotinib tumor sample (21). These clinical data are in accord with what has been described 

for cell line models of ALK inhibitor resistance (54, 56). In addition, increased IGF-1R 

phosphorylation was observed in cell culture models of ALK TKI resistance, and this result 

was mirrored in patient tumor biopsy samples taken at the time of progressive disease (57). 

Most recently, Src activation was also found to be a driver of crizotinib resistance (58). The 

end result of activation of each of these proteins is continued signaling through redundant 

downstream pathways, despite the presence of the ALK inhibitor.

Genomic mechanisms which can drive ALK TKI resistance include mutations in KRAS and 

MAP2K1. KRAS point mutation were found in 2/12 patients with ALK+/crizotinib resistant 

tumors (22). MAP2K1, which encodes the protein MEK, mutations were found in 1/9 

patients with ALK+/crizotinib resistant tumors (58). Of note, both of these alterations 

activate the MAP kinase pathway. Furthermore, amplification of the cKIT receptor tyrosine 

kinase was detected in 2/6 patient samples with matched pre- and post-crizotinib tumor 

biopsies (21).

E.1. Strategies to overcome resistance mediated by ALK target modification

Several ‘second-generation’ ALK inhibitors are currently being developed clinically. In 

general, these ALK inhibitors have more on-target efficacy against ALK in vitro compared 

to crizotinib and can overcome some of the ALK kinase domain mutations associated with 

crizotinib resistance.

The most well studied ‘second-generation’ ALK inhibitor to date is ceritinib (LDK-378). 

This agent potently inhibits ALK in vitro, in addition to IGF-1R and insulin receptor. Pre-

clinical studies have shown that ceritinib can overcome the L1196M and G1269A mutations, 

the mutations which appear to be most common with crizotinib resistance (59). In a phase 1 
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study of ceritinib, which included an expansion cohort at the maximum tolerated dose 

(750mg daily), the overall RR was 58% and the median PFS was 7.0 months amongst the 

114 patients who received at least 400mg daily (60). Amongst the 80 patients who had 

previously been treated with crizotinib, the RR was 56%, and responses were observed in 

tumors both with and without crizotinib resistance mutations detected. The most common 

adverse events reported were elevated liver enzymes and GI toxicity (nausea, diarrhea). 

Based on this study, ceritinib was granted accelerated approval by the US FDA in April 

2014. Finally, ceritinib has documented efficacy against CNS disease.

Alectinib (CH5424802) is also a ‘second-generation’ ALK TKI with a distinct chemical 

structure that can overcome some of the crizotinib resistance mutations, such as the L1196M 

gatekeeper (61). In a Phase 1/2 study of this agent in Japan, 43/46 patients with ALK 

inhibitor naïve disease who were treated with the recommended phase 2 dose achieved an 

objective response (62). Alectinib has also been tested in a cohort of patients who 

progressed on or were intolerant of crizotinib (63). Of 44 evaluable patients, the objective 

RR was 55% (24/44). Crizotinib resistance mechanisms were not reported. The CNS RR in 

patients with CNS metastases at baseline was 52% (11/21). The most common adverse 

events reported were fatigue, myalgia, and peripheral edema. Alectinib received 

breakthrough therapy designation from the US FDA in 2013. A randomized phase 3 study 

(ALEX) comparing alectinib to crizotinib in treatment-naïve patients with ALK+ lung 

cancer is on-going (NCT02075840).

Several other next-generation ALK inhibitors are being studied. Like ceritinib and alectinib, 

X-396 is more potent against ALK in vitro and can overcome crizotinib resistance mutations 

(64). A phase 1/2 trial of this agent is on-going (NCT01625234); preliminary results indicate 

that 59% (10/17) of patients achieve a partial response, including patients who had received 

prior crizotinib (65). Adverse events were mild and included rash, nausea, vomiting, fatigue, 

and edema. AP26113, which targets both ALK and also has activity against the EGFR 

T790M mutation in vitro, has been tested in a phase 1/2 study (NCT01449461). The 

objective RR was 72% with median PFS of 56 weeks in the 72 patients with ALK+ NSCLC 

at the time of data cut-off (66). In the 65 of patients who had received prior crizotinib, the 

RR was 69% and median PFS 47.3 weeks. CNS responses were documented. Finally, 

PF-06463922 is a derivative of crizotinib designed to be a more potent ALK/ROS1 

inhibitor. This agent was also optimized to overcome some of the pharmacokinetic 

limitations of crizotinib (67). A phase 1/2 trial is currently ongoing (NCT01970865).

E.2. Strategies to overcome resistance mediated by bypass signaling pathways

Such strategies to combat ALK TKI resistance mediated by bypass signaling are only 

beginning to emerge. Possible rational combination therapies which have been postulated 

include ALK inhibitor plus either EGFR inhibitor, IGF-1R inhibitor, Src inhibitor, or MEK 

inhibitor, based on the studies described above. It is also worth noting that ALK inhibitors 

have been tested in combination with Heat Shock 90 (HSP90) inhibitors. ALK fusions are 

known HSP90 client proteins and in vitro studies demonstrate the efficacy of HSP90 

inhibitors in both ALK TKI sensitive and ALK TKI resistant models (68). Furthermore, 

clinical responses have been documented in patients with ALK+ lung cancer, both in the 
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crizotinib -naïve and -resistant states (68, 69). Combination ALK plus HSP90 inhibition is 

currently being evaluated in clinical trials (NCT01579994, NCT01712217, NCT01772797).

F. Concluding Remarks

The identification and prospective targeting of oncogenic driver mutations has 

revolutionized the care of patients with NSCLC. However, therapeutic resistance remains a 

significant barrier to the successful management of this disease. Using the two most well 

established molecular cohorts of NSCLC, those defined by EGFR mutations and ALK 

rearrangements, we have reviewed the molecular mechanisms of acquired resistance as well 

as the strategies to overcome resistance. The development of more potent and more selective 

second- and third-generation oncogenic kinase inhibitors appears to be the strategy with the 

most momentum and most documented clinical success to date in both of these cohorts of 

lung cancer patients. However, there are several challenges to address and opportunities to 

explore moving forward, including:

1. How do we effectively address the heterogeneity of resistance mechanisms between 

different individuals and even in one individual patient? Will multiple biopsies at different 

sites of disease be necessary? feasible? Will blood based markers, such as circulating free 

DNA, become a way for clinicians to adequately assess resistance mechanisms?

2. How do we design and implement novel clinical trials that take into consideration the 

rapid pace of scientific discovery and the demand to bring more effective therapies into the 

forefront of care? Furthermore, how do we design these trials to encompass systematic 

analysis of biomarkers which are found in increasingly smaller percentages of patients? 

Cooperative group trials, such as the NCI ALK Master Protocol, which is currently being 

developed, will certainly assist in achieving this goal.

3. What other effective combination therapies can be devised to tackle the problem of TKI 

resistance? Will co-treatment with different classes of drugs, such as TKIs and immune 

checkpoint inhibitors, be effective in overcoming resistance? How should these agents be 

dosed – simultaneously? sequentially?

4. Finally, how can cutting-edge studies of TKI resistance in NSCLC be translated to other 

malignancies? Many of the current and emerging therapeutic targets in NSCLC are also 

found in other malignancies, such as ALK, ROS1, and RET. In order to more broadly tackle 

and surmount the problem of acquired resistance, studies in NSCLC can hopefully be used 

to inform management in distinct tumor types harboring these same targets.

Overall, a thorough understanding of the mechanistic basis for acquired resistance and the 

development of innovative therapeutic strategies to overcome resistance is paramount to 

most effectively combat resistance and therefore to improve the care of patients with lung 

cancer.
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Key Points

• The identification of clinically relevant molecular cohorts of patients with non-

small cell lung cancer (NSCLC) defined by the presence of actionable genomic 

alterations has revolutionized the care of patients with this disease.

• Treatment of patients whose lung tumors harbor specific oncogenic mutations 

often results in dramatic response to targeted therapies, such as tyrosine kinase 

inhibitors (TKIs). This is best exemplified by EGFR-mutant and ALK-

rearranged NSCLCs treated with EGFR TKIs and ALK TKIs, respectively.

• Resistance to TKI therapy appears to be an inevitable consequence of this 

treatment approach. Resistance can be either primary (de novo) or acquired. 

Specifically, acquired resistance is defined by tumor growth after initial tumor 

regression while the patient is still receiving the TKI therapy.

• Mechanisms of acquired resistance include drug target gene modification 

(amplification, ‘second-site’ mutations), activation of ‘bypass tracks’ which 

serve as compensatory signaling loops, and/or histological transformation.

• Rebiopsy at the time of acquired resistance is essential for understanding the 

specific mechanism(s) of resistance at play in the tumor and for directing the 

patient to the most appropriate line of therapy. Several strategies to overcome 

acquired resistance, including novel, more potent inhibitors as well as rational 

combinations of targeted inhibitors, have already proven successful in clinical 

trials.
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Figure 1. Mechanisms of acquired resistance to first- and second-generation EGFR TKIs in 
EGFR mutant NSCLC
Resistance can be mediated by EGFR target modifications, most commonly the EGFR 

T790M second-site mutation, through bypass signaling pathways which circumvent the 

inhibited driver oncogene (EGFR), and through histological transformation (in this case, 

change in histology from NSCLC to SCLC). Potential strategies to overcome resistance are 

noted in the white boxes.
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Figure 2. Mechanisms of acquired resistance to crizotinib in ALK- rearranged NSCLC
Resistance can be mediated by ALK target modifications, including ALK amplification and 

ALK kinase domain mutations and through bypass signaling pathways which circumvent the 

inhibited driver oncogene (the ALK fusion). Potential strategies to overcome resistance are 

noted in the white boxes.
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