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Few therapeutic options are available for non-small cell lung cancer (NSCLC) after failure to primary
epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs). Since TKI rechallenge is one of
the most common salvage approaches in clinical practice, we sought to identify the independent factors that
associated with 2nd progression progression-free survival (PFS) and overall survival (OS). Seventy-two
consecutive EGFR-mutated NSCLC patients with TKI retreatment after initial failure were retrospectively
analyzed in this study. Univariate survival analysis and Cox proportional hazards regression model was used
to determine if EGFR-TKIs readministration is tolerable as well as efficacious for a certain group of patients.

T
he utility of epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) in metastatic non-
small cell lung cancer (NSCLC) had been confirmed through several trails1,2. However, patients who initially
responded to EGFR-TKIs would eventually have progressive disease (PD) within a year3. Albeit several

resistant mechanisms like secondarily EGFR mutations (e.g. T790M) or activation of alternate bypass pathways
were reported4, these patients still have limited options for treatment.

TKI rechallenge is one of the most common therapeutic approaches in current practice though the progres-
sion-free survival (PFS) varies among studies and most of the results are barely beyond 2 months5. Therefore, we
designed this retrospective study to investigate factors that affect the benefit from TKI readministration.

Results
Patients’ characteristics. Seventy-two patients that met entry criteria were analyzed finally. Baseline information
were showed in Table 1. All patients finished the second round of EGFR-TKIs therapy until a PD was
documented. Only one patient with negative EGFR T790M mutation had a rebiopsy after resistance.

In total, 43 patients (59.7%) harbored deletion mutation in exon 19 and 29 patients (40.3%) had a point
mutation of L858R in exon 21.

Treatment details and drug switch. In detail, 26 (36.1%), 37 (51.4%), 7 (9.7%), and 2 (2.8%) patients received the
1st EGFR-TKIs in the first, second, third and fourth line respectively. As for the 2nd EGFR-TKIs treatment, 22
(30.6%), 30 (41.7%), 16 (22.2%), 3 (4.2%) and 1 (1.4%) patients were in the second, third, fourth, fifth and sixth
line respectively. In addition, 57 (79.2%) and 15 (20.8%) patients received gefitinib and erlotinib in the 1st EGFR-
TKI treatment. As for the 2nd EGFR-TKI therapy, 11 patients (15.3%) had switched the TKI regimen (all switched
from gefitinib to erlotinib).

Of all patients that enrolled, 19 patients (26.4%) had an EGFR-TKI holiday (‘‘wash out’’ time) between
treatments, and the median ‘‘wash out’’ time was 1.51 months. 20 patients (27.8%) received radiotherapy and
15 of them (15/72, 20.8%) were used after acquired resistance to 1st EGFR-TKIs, especially in ten patients (10/19,
52.6%) whose site of disease progression was new metastases in the brain.

Types of progression following 1st EGFR-TKIs. Three types of progression to 1st EGFR-TKIs were defined
according to previous study6: A. local progression: (1) disease control lasting $3 months with EGFR-TKI
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treatment (2) PD due to solitary extracranial lesion or limitation in
intracranial lesions (covered by a radiation field) (3) symptom scored
#1; B. minimally/slowly progression: (1) disease control lasting $6
months with EGFR-TKI treatment (2) compared with the previous
assessment, no significant increment of tumor burden and
progressive involvement of non-target lesions (3) symptom scored
#1; C. rapid progression: (1) disease control lasting $3 months with
EGFR-TKI treatment (2) compared with the previous assessment,
rapid progression of multiple target lesions, or progressive
involvement of non-target lesions (3) symptom scored 2.

Symptom scores 0, 1 and 2 was quantified in accordance with the
asymptomatic status, stability of pre-existing status, and deteriora-
tion of any pre-existing or new symptom7.

In total, 19 patients (26.4%) exhibited local progression, 31
patients (43.1%) showed minimally/slowly progression and 22
patients (30.6%) had rapid progression. As is demonstrated in
Table 1, lung (35/72, 48.6%), brain (19/72, 26.4%) and bone (9/72,
12.5%) were the the three leading sites of progression, respectively.
As for treatments upon progression, 9 patients (9/35, 25.7%) received
chemotherapy immediately after the pulmonary progression (8
patients received a platinum doublet chemotherapy while the other
9 patients received a single agent chemotherapy), while the remain-
ing group (26/35, 74.3%) kept receiving a TKI regimen; 10 of 19
(52.6%) patients that with brain progression received intracranial
radiation and 4 of them (21.1%) received chemotherapy as salvage
treatment after resistance to first TKI treatment; for patients with
bone metastases progression, the majority of them (8/9, 88.9%) con-
tinued to be treated with EGFR TKI rather than chemotherapy.

Efficacy and tolerance of the second round TKI. The last follow-up
time was May 2014 and median follow-up duration was 46.61
months from the initial TKI therapy (range: 15.93–118.17
months). Sixty-five patients (90.3%) exhibited PD and forty-seven
(65.3%) confirmed death in the last date. Response data of initial and
readministrated TKI are demonstrated in Table 2. The median 2nd

PFS and overall survival (OS) were 4.00 months (95% confidence
interval [CI], 3.48–4.51 months) and 18.20 months (95% CI, 14.10–
22.30 months), respectively.

Two patients received an intercalated treatment beyond 1st EGFR-
TKI treatment (one in the local progression group and the other one
in the minimally/slowly progression group), both of them took 2nd

EGFR-TKI as maintenance treatment after the salvage chemother-
apy to 1st EGFR-TKI. The 2nd PFS of these two patients were 19.27
and 6.87 months.

When using smoking history, pathological subtypes, pathological
differentiation, brain metastases detail (brain metastases in 1st TKI,
progression to 1st TKI in brain, Brain treatment models in 2nd TKI:
local control group [radiotherapy 1 surgery] vs. no local control
group [chemotherapy 1 TKI only] vs. without brain metastases
group), initial TKI efficacy, types of progression to 1st TKI, cessation
of TKI after initial failure, inserted chemotherapy before readminis-
tration, TKI regimen change and EGFR mutational site as variables,
the univariate analysis demonstrated that patients without brain
metastasis in 1st TKI treatment, had no brain metastases or with local
control of brain metastases in the 2nd TKI period, favored a disease
control longer than 6 months in initial therapy, with local or min-
imally progression and had no chemotherapy before a TKI retreat-
ment could benefit more from the TKI readministration (Table 3).
Whereas none of these factors affected the OS significantly.

Nevertheless, only types of progression to 1st TKI was significantly
associated with 2nd PFS (Figure 1) under multivariate Cox propor-
tional hazards regression model (hazard ratio [HR] for local progres-
sion vs. rapid progression, .317; 95% CI, .160 to .627, P5.001; HR for
minimally/slowly progression vs. rapid progression, .222, 95% CI,
.118 to .417, P, .001).(Table 3)

Additionally, we found a phenomenon that patients that with
rapid progression to 1st TKI tended to receive chemotherapy first
after resistance (8/22, 36.4% vs. 4/19, 21.1% in local progression
and 5/31, 16.1% in minimally/slowly progression, P5.096).

The most common adverse event was grade 1 or 2 rash, which
affected 15 patients (20.8%), whereas no grade 3 skin rash was
observed. Besides, no dose reduction or discontinuation of TKI
due to unbearable TKI-associated toxicity was required.

Discussion
Salvage treatment for patients harboring EGFR mutation with
NSCLC after initial failure to EGFR-TKIs remains controversial even
though a set of plausible mechanisms to resistance has been
reported8. Theoretically, several options to overcome EGFR TKI
resistance are available (re-administration of TKIs; second-

Table 1 | Patients Characteristics

Characteristic N %

Age, years
Median (Range) 57.2 (29–79)

Gender
Female 38 52.8
Male 34 47.2

Pathology
Adenocarcinoma 65 90.3
Non-adenocarcinoma 7 9.7

Smoking status
Never-Smoker 54 75.0
Ex-Smoker 9 12.5
Current smoker 9 12.5

Histo-pathological differentiation
Well 7 9.7
Moderate 31 43.1
Poor 34 47.2

Progression on 1st TKI, months
Median 14.23
95% CI 12.54–15.92

Types of progression to 1st TKI
Lung 35 48.6
Brain 19 26.4
Bone 9 12.5
Liver 3 4.2
Mediastinal lymph node 3 4.2
Adrenal 1 1.4
Axillary lymph node 1 1.4
Chest wall 1 1.4

Chemotherapy before re-administration of TKI
At least one cycle 17 23.6

PFS median 6.97
95% CI 3.41–10.53

Regimen
Platinum doublet 8 47.8
Single agent chemo 9 52.9

TKI, tyrosine kinase inhibitor; CI, confidence interval.

Table 2 | Efficacy of initial and readministrated TKI

initial readministration

Efficacy N % N %

Best response
PR 28 38.9 1 1.4
SD 44 61.1 44 61.1
PD 0 0 27 37.5

ORRs 28 38.9 1 1.4
DCRs 72 100.0 45 62.5

TKI, tyrosine kinase inhibitor; PR, partial response; SD, stable disease; PD, progression disease;
ORR, objective response rate; DCR, disease control rate.
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generation TKIs-eg, afatinib or dacomitinib; anti-EGFR combina-
tions-eg, EGFR TKI combined with anti-EGFR antibody). Recent
report indicated that TKI-retreatment might be useful for ex-respon-
ders following a drug holiday9. Therefore, it is postulated that certain
proportional ‘‘oncogene-addicted’’ cells might still remain even
when a resistance was occurred.

Several studies10–12 reported the clinical outcomes of readmini-
strated EGFR-TKIs after acquired resistance, and the PFS and OS
of these trials varied from 2.0 months to 3.4 months and 11.4 months
to 12.0 months, respectively. While these differences may be partly
explained by the various enrolled criteria among trials (eg, patients

with clinical benefit .6 months of initial EGFR-TKIs were enrolled
in Koizumi’s11 study but .3 months in Oh, I.J’s10 trial and not all
patients harbored EGFR mutation), a significant better response to
TKI retreatment was observed in those who had a PFS more than 6
months during the initial TKI treatment5. In 2010, a clinical defini-
tion of acquired resistance to EGFR-TKIs in NSCLC13 was proposed
for those who responded (.56 months) to initial gefitinib or erlo-
tinib treatment with a drug sensitivity associated mutation site.
Considering one of the principal findings in this study is that patients
with local or minimally/slowly progression to initial TKI benefited
more from the readministrated treatment than those rapidly pro-

Table 3 | Survival analysis of readministrated TKI

Univariate analysis Multivariate analysis

P PFS OS PFS Hazard ratio [95% CI]

Smoke .294 .719
Pathology .518 .145
Differentiation .736 .658
Brain metastasis in 1st TKI .027 .700 .769
Progression to 1st TKI in brain .747 .422
Brain treatment models in 2nd TKI (radiotherapy 1 surgery vs.

chemotherapy 1 TKI only vs. without brain metastases)
.013 .125 .086

Initial TKI efficacy (.56 m vs. ,6 m) .022 .602 .836
Types of progression to 1st TKI ,.001 .431 .261 .701(B vs. A) [95% CI: .377-1.303]*

.001 .317 (A vs. C) [95% CI: .160–.627]*
,.001 .222 (B vs. C) [95% CI: .118–.417]*

TKI cessation longer than 3 months .103 .594
Inserted chemo before readministration .040 .109 .197
Change of TKI regimen .264 .282
Mutation site (Exon 19 vs. Exon 21) .660 .258

*A: local progression; B: minimally/slowly progression; C: rapid progression; TKI, tyrosine kinase inhibitor; PFS, progression free survival; OS, overall survival; CI, confidence interval.

Figure 1 | Progression-free survival (PFS) of readministrated EGFR-TKIs according to types of progression to 1st TKI.
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gressed, it seems that the definition above is quite reasonable since
our research also confirm patients who had part of the characteristic
mentioned above gain a better disease control with 2nd TKI.

Even though EGFR-TKIs have shown certain utility in patients
with brain metastases14, these patients still yield a shorter PFS than
those without cerebral metastases in our study, which could be
explained by the devastating consequence of disease progression in
these patients. In addition, the 2nd PFS of local control group and
without brain metastases group tended to be longer than that in no
local control group regarding to the treating models of brain in 2nd

TKI: 5.80 and 4.13 months vs. 2.13 months, P5.013 in univariate
analysis). Similarly, as another significant factor that affected 2nd

EGFR-TKIs’ efficacy in univariate analysis that those did not
received chemotherapy before the second round EGFR-TKIs favor
a longer PFS, the findings may be interpreted by the hypothesis that–
patients with biologically more aggressive disease were more inclined
to receive chemotherapy rather than continue EGFR-TKIs or local
control treatment.

Although a better outcome was reported for patients receiving 2nd

round TKI after a EGFR-TKI free holiday15, we did not observe this
difference as another pilot study11 had indicated. This might be due
to a limited number of patients that had a EGFR-TKI holiday
between treatments in our study(19/72, 26.4%).

As only one patient had a rebiopsy after resistance, the frequency
of EGFR T790M mutation or other resistant mechanisms (mainly-
activation of EGFR signaling pathways via other aberrant molecules-
eg, c-MET amplification or PIK3CA mutations) is unclear in the
current study. Therefore limitations remained as patients harboring
EGFR T790M mutations are more likely to benefit from prolonged
TKI administration16. Furthermore, the conclusions of this study
contains uncertainty and future studies designed to testify the utility
of a readministrated EGFR-TKIs in former responders (with local or
minimally/slowly progression) according to the type of resistance
mechanisms are warranted.

Methods
Eligibility criteria. The current research is a retrospective study, 335 consecutive
patients with histologically confirmed recurrent or metastatic NSCLC in Sun Yat-Sen
University Cancer Center from May 2003 to September 2011 were reviewed. Patients
were categorized as never-smoker (less than 100 cigarettes in a life-time), ex-smoker
(quit more than 1 year ago) or current smoker(currently smoking or quit less than 1
year ago).

The entry criteria are as follows: (1). Patients that with drug sensitivity associated
mutation site(e.g.: G719X, exon 19 deletion, L858R, L861Q); (2). Patients had treated
with a EGFR-TKI: gefitinib 250 mg/qd (IressaTM, Astra Zeneca, London, Britain) or
erlotinib 150 mg/qd (TarcevaTM, Roche Pharma, Basel, Switzerland) with a disease
control that more than 3 months; (3). Patients received re-administrated EGFR-TKI
after progression to 1st EGFR-TKIs; (4). Cessation of the 2nd EGFR-TKIs therapy was
permitted only when the patients incurred unbearable toxicity or disease progression
according to the guidelines set out by Response Evaluation Criteria in Solid Tumors
(RECIST) Committee17,18.

Monitoring and ethics review. A RECIST evaluating committee formed by
experienced radiologists that took charge of evaluating tumor shrinkage or
progression in our institute. Evaluation of treatment response by computer
tomography was performed after the first month and repeated every 2 months. The
version of RECIST 1.017 or 1.118 was used regarding to the year of evaluation (ex.
patients before 2010 were evaluated by RECIST 1.0 and those after were assessed by
RECIST 1.1).

Study protocol was approved by the institutional review boards of Sun Yat-Sen
University Cancer Center. Written informed consent was obtained from each patient:
including signed consent for tissue analysis as well as consent to be recorded for
potential medical research at the time of sample acquisition. All experiments were
performed in accordance with relevant guidelines and regulations.

EGFR mutational status detection. The methodology of mutation detection has
been previously described in detail19. After the extraction of DNA from tumor tissues,
qualitative detection of mt-EGFR was done using a fluorescence based, real-time
detection method [ABI PRISM 7500 Sequence Detection System (Taqman); Perkin-
Elmer Applied Biosystems, Foster City, CA.].

Statistical analysis. The initial progression free survival (1st PFS) was defined as the
interval between the beginning of EGFR-TKI and the progression time. Likewise, 2nd

PFS was defined as the period from the start of TKI retreatment to the date at which
disease progression or death was noted. OS was defined as the period from the start of
TKI retreatment to the date of death. Objective response rates (ORRs) were defined as
(complete response [CR]1 PR)/whole patients; Disease control rates (DCRs) were
defined as (CR1PR1SD)/whole patients. The comparison in different groups was
performed using the x2 test or Fisher’s exact test as needed. PFS and OS were analyzed
by the Kaplan-Meier method and the log-rank test was used to compare the difference
within different groups. Multivariate Cox proportional hazards regression model was
used to evaluate independent predictive factors associated with 2nd PFS. A two-sided P
value of less than .05 was considered statistically significant. All analyses were
conducted using PASW statistical software, version 18.0 (SPSS Inc., Chicago, IL).
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