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/ABSTRACT

Purpose. Epidermal growth factor receptor (EGFR)-mutant
non-small cell lung cancer has an oncogene-addicted biology
that confers sensitivity to EGFR tyrosine kinase inhibitors
(TKIs). Published data suggest that EGFR addiction persists af-
ter development of TKl acquired resistance, leading many cli-
nicians to continue TKI with subsequent chemotherapy;
however, this strategy has not been formally evaluated.
Methods. We retrospectively reviewed an institutional data-
base to identify patients with advanced EGFR mutation with
acquired resistance who subsequently received chemother-
apy. Patients were classified as receiving chemotherapy with
continued erlotinib or chemotherapy alone. We assessed dif-
ferences in outcomes between the two strategies.

Results. Seventy-eight patients were included, 34 treated
with chemotherapy and erlotinib and 44 treated with chemo-
therapy alone. Objective response rate was evaluable in 57
patients and was 41% for those treated with chemotherapy

and erlotinib and 18% for those treated with chemotherapy
alone. After adjusting for chemotherapy regimen and length
of initial TKI course, the odds ratio for the response rate was
0.20 (95% confidence interval: 0.05-0.78; p = .02) favoring
treatment with chemotherapy and erlotinib. The median pro-
gression-free survival was 4.4 months on chemotherapy and
erlotinib and 4.2 months on chemotherapy alone (adjusted
hazard ratio = 0.79; 95% confidence interval: 0.48-1.29; p =
.34). There was no difference in overall survival.

Conclusion. This is the first study, to our knowledge, to dem-
onstrate that continuation of EGFR TKI with chemotherapy in
patients with acquired resistance improves outcomes com-
pared with chemotherapy alone. We observed an improved
response rate but nodifferencein progression-free survival or
overall survival. A larger prospective clinical trial is needed to
evaluate this promising strategy further. The Oncologist 2013;
18:1214-1220

Implications for Practice: Patients with advanced EGFR-mutant non-small cell lung cancer (NSCLC) typically respond well to treat-
ment with an EGFR tyrosine kinase inhibitor (TKI); however, acquired resistance eventually develops. It is unknown whether the
continuation of the EGFR TKl along with initiation of chemotherapy results inimproved patient outcomes compared to switching
to chemotherapy alone. This article describes a retrospective study that compares these two practices, providing clinicians with
information regarding the potential benefit to treating patients with chemotherapy plus erlotinib rather than chemotherapy
alone after the development of TKI resistance. We found that continuing erlotinib with chemotherapy improves the response
rate and is therefore a reasonable treatment option for patients with EGFR-mutant lung cancer acquired resistance to EGFR TKIs.

INTRODUCTION

A subgroup of patients with non-small cell lung cancer (NSCLC)
has mutations in the epidermal growth factor receptor (EGFR)
gene. These patients are extremely sensitive to treatment with
EGFR-specific tyrosine kinase inhibitors (TKIs). The unprece-
dented therapeutic success of EGFR TKls in EGFR-mutant lung
cancer is the result of the oncogene-addicted biology conferred

by the mutations, such that the downstream signaling pathways
that promote cell growth and survival are unusually dependent
on EGFR. Hence, blocking EGFR-derived signaling with a TKI leads
to massive cell death. However, TKI resistance develops after a
median of 10—14 months [1-4], represented clinically as tumor
progression and symptomatic decline. The optimal treatment of
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EGFR TKI-acquired resistance (AR) is a subject currently under in-
tense study [5].

Preclinical data suggest that a heterogeneous population
of tumor cells exists at the time of AR, a subset of which re-
mains sensitive to EGFR inhibition [6]. This has also been de-
scribed clinically. When the TKl is withdrawn from patients
with AR, tumor growth may accelerate and then plateau when
aTKlisrestarted [7, 8]. One report found that severe flare (de-
fined as hospitalization or death) developed in 23% of patients
with ARwho discontinued TKI prior to starting a clinical trial af-
teramedian of 8 days [7]. Although conventional clinical prac-
ticeatthetime of lung cancer progressionis to discontinue the
current therapy and initiate a new chemotherapy, there are
some settings in oncology where a targeted therapy is contin-
ued after progression. In prostate cancer, biochemical castra-
tion with gonadotropin-releasing hormone agonists is
continued when a patient begins chemotherapy. A similar
strategy has been evaluated in HER-2-positive breast cancer,
where continuation of trastuzumab beyond disease progres-
sion in addition to chemotherapy has been shown to improve
response rate, time to progression, and (in some studies)
overall survival [9, 10].

We and others have recently begun to consider continuing
postprogression EGFR TKI therapy during subsequent chemo-
therapy in our patients with EGFR-mutant NSCLC [11, 12]. Be-
cause this strategy is commonly practiced but has not been
prospectively evaluated, we designed a retrospective study of
patients with EGFR TKI AR to assess the benefit of continuing
the EGFRTKIalong with chemotherapy compared with switch-
ing therapy from a TKI to chemotherapy alone.

MATERIALS AND METHODS

Patients

We reviewed internal databases from Massachusetts General
Hospital and Dana-Farber Cancer Institute from August 2004
(when clinical mutation testing was initiated at our centers)
through September 2011 under aninstitutional review board-
approved protocol. Medical records of patients with stage IV
NSCLC [13] harboring an EGFR mutation were reviewed to
identify allthose who had ever received an EGFR TKI (erlotinib,
gefitinib, or experimental drug) and had received chemother-
apy. Patients were included in this analysis only if AR devel-
oped to the EGFR TKI and they subsequently went on to
receive chemotherapy. AR was defined per the Jackman crite-
ria [14], mandating patients have either a documented EGFR
mutation associated with TKI sensitivity and/or objective clin-
ical benefit from treatment with an EGFR TKI, followed by dis-
ease progression while on continuous TKI. For this analysis, we
included only patients with a documented clinical response to
EGFR TKI or stable disease sustained for at least 6 months to
focus the study population on those with the most robust evi-
dence of EGFR oncogene addiction. Disease progression was
defined as radiographic documentation of tumor growth re-
sulting in change in therapy for reasons other than drug toxic-
ity.

Patients were divided into those who received chemo-
therapy with erlotinib following the development of AR and
those who received chemotherapy alone. Note that no pa-
tients were treated with gefitinib and concurrent chemother-
apy, presumably because gefitinib is not commercially
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availableinthe United States. Inaddition, none of the patients
were participating in a prospective trial comparing chemo-
therapy with erlotinib and chemotherapy alone. A small num-
ber of patientstemporarily stopped the EGFR TKI at the time of
AR, often because they were considering enrollment in a clin-
ical trial that required drug washout. In these cases, a maxi-
mum duration of four weeks holiday from TKI was permitted
for inclusion in this analysis to decrease the chance of con-
founding from re-treatment effect when the TKI was reintro-
duced [8, 14, 15]. Patients were excluded from the analysis if
they discontinued TKI because of toxicity rather than disease
progression, if they had evidence of small cell lung cancer his-
tology at time of AR [16, 17], or if they had another active ma-
lignancy.

Data Collected

Electronic medical records were reviewed to record patient
age, gender, race, and smoking status. Details of the treat-
ment courses were abstracted, including initial EGFR TKI ad-
ministered, length of time the patient received initial TKI
(defined as time from the start of initial TKI until chemother-
apy was introduced), whether erlotinib was prescribed along
with chemotherapy following AR, and chemotherapy regi-
mens administered. Eastern Cooperative Oncology Group
performance status [18] and the presence of cancer-related
symptoms were recorded at the time of chemotherapy initia-
tion. For all patients, EGFR mutation status was recorded
in the medical record and had been tested in a Clinical Labora-
tory Improvement Amendment-certified laboratory, using ei-
ther direct sequencing or a polymerase chain reaction-based
allele-specific assay [19, 20].

Objective response rate (RR) to chemotherapy with erlo-
tinib or chemotherapy alone was assessed using Response
Evaluation Criteria in Solid Tumors [21] by a thoracic radiolo-
gist who was blinded to patient treatment. The baseline scan
was the scan obtained just prior to the start of chemotherapy.
Because patients were treated off protocol, response confir-
mation was not required to meet criteria for response. Pro-
gression-free survival (PFS) was calculated from the date of
chemotherapy initiation until clinical progression (as deter-
mined by the treating physician) or death. Overall survival (OS)
was determined from the date of chemotherapy initiation un-
til death. Those without progression or death at the last date
of data extraction were censored at the date of last tumor as-
sessment or the date they were last known to be alive, respec-
tively. Patients for whom there was insufficient imaging data
available for evaluation of response were still eligible for PFS
and OS analysis.

Statistical Considerations

Baseline patient and treatment characteristics in the chemo-
therapy with erlotinib group and the chemotherapy alone
group were compared using Fisher exact and Wilcoxon rank
sum tests. Differences in RR were analyzed with Fisher exact
testand alogistic regression model thatincluded clinically rel-
evant confounders (chemotherapy regimen and time on ini-
tial EGFR TKI). A model including all available potential
confounders (including gender, race, smoking history, EGFR
mutation subtype, performance status, and initial TKI prior to
progression) was also assessed; however, the more parsimo-
nious model was chosen because there was little difference
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Chemotherapy Plus Erlotinib in EGFR TKI Resistance

Table 1. Patient demographics and study treatment

Characteristics

Chemotherapy + erlotinib (n = 34)

Chemotherapy alone (n = 44) p

Patient characteristics

Gender
Male, n (%) 6 (19)
Female, n (%) 28 (81)
Race, n (%)
White 26 (76)
Asian 3(9)
Other/unknown 5(15)
Age in years, median (range) 58 (39-90)
Smoking status
Never-smoker, n (%) 24 (71)
Former/current smoker, n (%) 10 (29)
EGFR mutation, n (%)
Exon 19 deletion 20 (59)
L858R 11 (32)
Other EGFR mutation 3(9)
Performance status 0—1 at AR, n (%) 24 (86)
Cancer-related symptoms at AR, n (%) 21 (62)
TKI treatment history
First line of treatment, n (%)
TKI 25 (74)
Chemotherapy 9 (26)
Initial TKI, n (%)
Erlotinib 32 (94)
Gefitinib/other 2 (6)
Time on initial TKI in months, median (range) 13 (6-32)
Study treatment
Chemotherapy regimen type, n (%)
Platinum-based combination 19 (56)
Single agent 15 (44)
Pemetrexed-containing regimen, n (%) 26 (76)

14 (36) .20
30 (64)

51
36 (82)
5 (11)
3(7)
58 (27-79) 71

25 (57) 24
19 (43)

14
23 (52)
14 (32)
7 (16)
36 (88) 1
34 (77) 21

32 (73)
12 (27)
.01
30 (68)
14 (32)
15 (4-52) 1

25 (57)
19 (43)
24 (55) .06

Abbreviations: AR, acquired resistance; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

between the two. We assessed for an interaction between
chemotherapy regimen and physician assignment to chemo-
therapy with erlotinib versus chemotherapy alone; because
the interaction term was not significant, it was notincluded in
the final model. Median PFS and OS were estimated using the
Kaplan-Meier method and survival between treatments was
compared by log-rank test and multivariable Cox analysis us-
ing the same covariates as in the logistic regression analysis of
RR. All analyses were performed using SAS version 9.3 (SAS In-
stitute, Cary, NC, http://www.sas.com).

RESULTS

Patients and Study Treatments

Atotal of 288 patients with EGFR-mutant lung cancer who re-
ceived an EGFR TKI followed by chemotherapy were identi-
fied. Of these, 210 were excluded for the following reasons: 79
had insufficient records for review, 55 did not receive chemo-
therapy after AR by our criteria, 36 had insufficient initial clin-
ical benefit with an EGFR TKI, 15 had a treatment break of
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more than four weeks between discontinuing TKI and initiat-
ing chemotherapy, 9 discontinued TKI because of toxicity
ratherthan AR, 5 had chemotherapy combined with radiation,
5 had disease that transformed to small cell lung cancer at AR,
4 had another concurrent active malignancy, and 2 had TKI
combined with chemotherapy from the time of TKl initiation.
The remaining 78 patients were therefore included in our
analysis. At the time of progression on TKI (defined as change
in therapy from TKI to chemotherapy for reasons other than
toxicity), 34 (44%) patients were treated with chemotherapy
with erlotinib and 44 (56%) received chemotherapy alone.
The majority of patientsin both the chemotherapy with er-
lotinib and chemotherapy alone groups were female never-
smokers with a good Eastern Cooperative Oncology Group
performance status (Table 1). The median age was 58. All pa-
tients had an EGFR mutation, most commonly exon 19 dele-
tions and L585R point mutations. Although treatment
assignment was not determined prospectively or by means of
randomization, the treatment arms were relatively well bal-
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Table 2. Response to treatment
Platinum-based
combination Single-agent
Total evaluable chemotherapy chemotherapy
population (n = 57) (n =35) (n=22)

Best response CE C CE C CE C
Partial response 41% 18% 63% 21% 15% 11%
Stable disease 52% 54% 38% 58% 69% 44%
Progressive disease 7% 29% 0% 21% 15% 44%

Note that total may exceed 100% because of rounding.
Abbreviations: C, chemotherapy alone; CE, chemotherapy plus erlotinib.

anced in terms of demographic and clinical features. There
were slightly more women and never-smokers who received
chemotherapy with erlotinib compared with chemotherapy
alone.

The median time on initial EGFR TKI was 13 months (range
6—32 months) for the chemotherapy with erlotinib group and
15 months (range 4—52 months) for the chemotherapy alone
group. EGFRTKI had been givenin the first-line setting for 75%
of patients (Table 1). Erlotinib was the most common choice
forinitial TKI, given to 94% of the chemotherapy with erlotinib
group and 68% of the chemotherapy alone group. This differ-
ence likely reflects historical trends, as the majority of patients
receiving gefitinib as their initial TKI started therapy before
the Food and Drug Administration narrowed gefitinib’sindica-
tion and limited its availability in 2005 [22]. The strategy of
continuing EGFR TKI with chemotherapy has gained popular-
ity more recently. A small number of patients (n = 2) tempo-
rarily stopped the initial TKI before restarting it along with
chemotherapy. The arms were balanced in terms of propor-
tion receiving platinum-based combination chemotherapy
compared with single-agent chemotherapy. Chemotherapy
regimens included pemetrexed in 76% of those who received
chemotherapy with erlotinib and in 55% of those who re-
ceived chemotherapy alone, again likely reflecting changing
practice patterns over the study period.

Efficacy
A total of 57 patients were evaluable for response. Partial
responses were observed in 12 of 29 (41%) patients in the
chemotherapy with erlotinib group and in 5 of 28 (18%) pa-
tients in the chemotherapy alone group, yielding an odds
ratio (OR) of 0.31 (95% confidence interval [Cl]: 0.09-1.04;
p = .08). After adjusting for chemotherapy regimen and
time on initial TKI, the adjusted OR was 0.20 (95% Cl: 0.05—
0.78; p = .02) (Table 2; Fig. 1). Among those who received a
platinum-based regimen, the addition of erlotinib to che-
motherapy improved RR even more, with RR of 63% in the
chemotherapy with erlotinib group and 21% in the chemo-
therapy alone group (OR = 0.16; 95% Cl: 0.04—-0.72; p =
.02). All partial responses except two occurred in patients
who received pemetrexed chemotherapy (either mono-
therapy or with a platinum agent). The two other respond-
ers received carboplatin, paclitaxel, and bevacizumab, one
with and one without concurrent erlotinib.

All 78 patients were evaluable for PFS and OS. Median PFS
was not different between treatment strategies, at 4.4
months in the chemotherapy with erlotinib group and 4.2
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Figure 1. Response to chemotherapy plus erlotinib (A) or che-

motherapy alone (B). Each bar represents an individual patient
and demonstrates the percent change in tumor as measured by
Response Evaluation Criteria in Solid Tumors (RECIST) from base-
line to best response. The dashed line represents the threshold
for RECIST partial response (30% decrease). *Single-agent che-
motherapy (all others platinum-based combination chemother-

apy).

months in the chemotherapy alone group, yielding a hazard
ratio (HR) of 0.84 (95% Cl: 0.52-1.38; p = .50). Stratified anal-
yses of those who received either single-agent or combination
chemotherapy did not show a significant difference in PFS
with the addition of erlotinib, although there was a suggestion
of benefit for chemotherapy with erlotinib compared with
chemotherapy alone in the group who received single-agent
chemotherapy (Fig. 2). Median OS was 14.2 monthsinthe che-
motherapy with erlotinib group and 15.0 months in the che-
motherapy alone group (HR = 0.75; 95% Cl: 0.41-1.39; p =
.37). There was no apparent difference in OS when analyzing
patients who received either single-agent or combination
chemotherapy. Additionally, there was no significant differ-
encein PFSor OSafteradjusting for potential confounders. Pa-
tient numbers were too small to analyze outcomes by specific
EGFR mutation type.
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Figure 2. Progression-free survival in those who received platinum-based combination chemotherapy (A) or single-agent chemother-

apy (B) with and without erlotinib.

DiScUSSION

This retrospective study is the first, to our knowledge, to ex-
amine whether patients with advanced, EGFR-mutant NSCLC
with acquired resistance to EGFR TKIs benefit from continued
EGFR suppression by TKI administration along with chemo-
therapy compared to receiving chemotherapy alone. We
found that chemotherapy with erlotinib more than doubled
the response rate compared with chemotherapy alone, and
this difference was both statistically significant (p = .02) and
clinically meaningful (RR = 41% with chemotherapy with erlo-
tinib and 18% with chemotherapy alone). The benefit ap-
peared to be confined primarily to patients receiving
platinum-based combination chemotherapy, with an ob-
served RR of 63% among those treated with chemotherapy
and erlotinib compared with 21% when TKI was discontinued
and replaced with chemotherapy. However, this dramatic im-
provement in RR did not translate to a difference in PFS or OS
among our cohort.

The strategy of continuing EGFR TKI when initiating che-
motherapy after the development of AR is supported by pre-
clinical studies in EGFR-mutant cell lines and mouse models.
When TKl-sensitive cell lines were made resistant to TKl in
vitro, a heterogeneous population of TKI-sensitive and TKI-
resistant cells was observed [6]. Moreover, discontinuation of
the TKI allows for expansion of the TKI-sensitive subpopula-
tion, analogous to the clinical flare of rapid tumor progression
observed in some patients after discontinuation of EGFR TKI
therapy [7].Invivo andinvitro studies of cisplatin or pralatrex-
ate (anantifolate chemotherapy agent similar to pemetrexed)
with or without erlotinib in cancers with AR demonstrated
that the combination of chemotherapy and TKI results in
slower growth than chemotherapy alone [6].

Several prospective randomized trials have previously ex-
amined the benefit of combining an EGFR TKI and chemother-
apy. In unselected patients with advanced NSCLC, four phase
Il trials have found the combination of TKI and platinum-
based chemotherapy to be no better than first-line chemo-
therapy alone [23-27]. Other investigators, concerned about
antagonism between the combination of chemotherapy and
EGFRinhibition, have proposed that pharmacodynamic sepa-
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ration of chemotherapy and erlotinib might improve the ef-
fectiveness of the combination; to date, randomized phase Il
and lll studies of this approach have not provided a clear path
for development [28-31]. A study by the Cancer and Leuke-
mia Group B found that the addition of carboplatin and pacli-
taxeltofirst-line erlotinib was no better than erlotinib alonein
never/light smokers with advanced lung adenocarcinoma,
nor wasthere adiscernible difference in the subset of patients
with EGFR-mutant lung cancers [27]. In the population of pa-
tients with AR to an EGFR TKI, a single-arm trial of pemetrexed
plus erlotinib or gefitinib demonstrated that the combination
resulted in a response rate of 25.9% and PFS of 7 months [32].
Another prospective studyin patients who had derived clinical
benefit and then had disease progression on erlotinib found
no PFS or OS benefit in combining erlotinib with single-agent
chemotherapy compared with chemotherapy alone; how-
ever, only a subset of patients had a documented EGFR muta-
tion and the study was stopped prematurely because of poor
accrualand wastherefore likely underpowered [33]. Taken to-
gether, these trials suggest that combining EGFR TKls with
chemotherapy is feasible and tolerable, without clear clinical
evidence of antagonism. We believe this has greatly influ-
enced the willingness of clinicians to begin to use EGFR TKIs
plus chemotherapy in patients with EGFR-mutant lung cancer
and AR inrecent years.

Our study must be interpreted with caution, particularly
given the inherent bias in retrospective studies. The decision
whether to continue an EGFR TKI or not along with chemo-
therapy was made at the discretion of the treating physician
and not by randomization. Although adoption of this strategy
was influenced by emerging trends in patient care over the
time period of our review, there were likely individual patient
characteristics that also influenced the treatment decision
and could have confounded the outcome. We attempted to
minimize confounding by controlling for two of the most influ-
ential clinical factors of outcome: use of combination chemo-
therapy versus single-agent chemotherapy and duration of
benefit from initial TKI. We observed significant benefit from
the chemotherapy with erlotinib strategy after controlling for
these factors.

O%ecologist“



Goldberg, Oxnard, Digumarthy et al.

1219

Animportantlimitation to this studyistheinclusion of only
those patients who were able to receive chemotherapy after
AR. Although necessary from a data extraction perspective,
this could have omitted patients who discontinued TKI with
the plan to receive chemotherapy, but who had a severe flare
resulting in hospitalization or death before actually receiving
the intended treatment. These patients would not have been
captured by our inclusion methods and might have biased the
chemotherapy alone arm to have falsely improved outcomes
compared with an intent-to-treat prospective design. As tu-
morflare hasbeen estimated tooccurinapproximately 20% of
patients who discontinue TKI to start a subsequent therapy
[7], our methods may have decreased the difference observed
between the two groups by omitting those who did not re-
ceive chemotherapy because of flare. It is important to note
thatthe 18% RR we found in the chemotherapy alone arm was
consistent with the published experience of Wu et al., who
found a 15% RR among 41 patients with EGFR-mutant lung
cancer switched to cytotoxic chemotherapy after receipt of
first-line gefitinib [34].

CONCLUSION

Our data suggest that continuing an EGFR TKI at the time of
chemotherapyinitiation may be avaluable treatment strategy
for patients with EGFR-mutant lung cancer and AR to EGFR TKI
whose tumors remain oncogene addicted. Given the lack of
prospective randomized data, thisis notastrategy thatshould
be instituted in all cases, but it could be considered in individ-
ual patients, particularly those with symptomatic progression
in whom a higher response rate may be clinically beneficial.
We do not advocate for the continuation of EGFR TKl in pa-
tientswhose tumorsare wild type for EGFR because these can-
cers do not harbor the same oncogene-addicted biology.
Several prospective clinical trials will address the efficacy of
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