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Abstract Purpose:Ten percent of U.S. patients with non ^ small cell lung cancer experience partial radio-
graphic responses to erlotinib or gefitinib. Despite initial regressions, these patients develop
acquired resistance to erlotinib or gefitinib. In these patients, we sought to assess changes in
tumor metabolism and size after stopping and restarting erlotinib or gefitinib and to determine
the effect of adding everolimus.
Experimental Design: Patients with non ^ small cell lung cancer and acquired resistance to
erlotinib or gefitinib were eligible. Patients had 18-fluoro-2-deoxy-D-glucose-positron emission
tomography/computed tomography and computed tomography scans at baseline, 3 weeks after
stopping erlotinib or gefitinib, and 3 weeks after restarting erlotinib or gefitinib.Three weeks after
restarting erlotinib or gefitinib, everolimus was added to treatment.
Results:Ten patients completed all four planned studies. Three weeks after stopping erlotinib
or gefitinib, there was a median 18% increase in SUVmax and 9% increase in tumor diameter.
Three weeks after restarting erlotinib or gefitinib, there was a median 4% decrease in SUVmax
and 1% decrease in tumor diameter. No partial responses (0 of 10; 95% confidence interval,
0-31%) were seen with the addition of everolimus to erlotinib or gefitinib.
Conclusions: In patients who develop acquired resistance, stopping erlotinib or gefitinib results
in symptomatic progression, increase in SUVmax, and increase in tumor size. Symptoms improve
and SUVmax decreases after restarting erlotinib or gefitinib, suggesting that some tumor cells
remain sensitive to epidermal growth factor receptor blockade. No responseswere observedwith
combined everolimus and erlotinib or gefitinib.We recommend a randomized trial to assess the
value of continuing erlotinib or gefitinib after development of acquired resistance.

Treatment with the epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKI) erlotinib and gefitinib has led
to prompt and dramatic radiographic and clinical improvement
in selected patients with metastatic non–small cell lung cancer
(NSCLC; refs. 1–3). These patients are more likely to have
minimal smoking history, be of Asian ethnicity, and have

adenocarcinoma histology (2, 4, 5). Retrospective molecular
analysis of tumors from patients who were treated with EGFR
TKI identified an association between somatic mutations in
EGFR and response to gefitinib or erlotinib (6–8). Preliminary
data from prospective trials treating only patients with EGFR
mutations have found response rates of 65% to 82% (9–13).
This association between response to treatment and EGFR
mutations is thought to represent, along with chronic
myelogenous leukemia and gastrointestinal stromal tumor, an
example of ‘‘oncogene addiction’’ (14).
Because it is likely that some tumor cells remain sensitive to

imatinib or trastuzumab, patients with gastrointestinal stromal
tumor and HER2-amplified breast cancer are routinely contin-
ued on these agents after disease progression is documented
radiographically. Anecdotally, patients with gastrointestinal
stromal tumor and objective evidence of disease progression
have reported an acute exacerbation or appearance of symp-
toms after the withdrawal of imatinib. Investigators have
explored the computed tomography (CT) and positron
emission tomography (PET) consequences of withdrawal of
imatinib in patients with gastrointestinal stromal tumor
tumors, noting a ‘‘flare’’ in tumor metabolism after stopping
imatinib (15). Similarly, women with HER2-amplified breast
cancer often continue treatment with trastuzumab despite
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progressive disease. No prospective trials have been done to
investigate the role of continued trastuzumab after develop-
ment of acquired resistance.
Patients with NSCLC who initially respond to erlotinib or

gefitinib therapy develop progressive disease after a median of
12 to 13 months (16, 17). After patients develop acquired
resistance, as defined by an initial radiographic response to
treatment with erlotinib or gefitinib followed by progressive
disease while still on erlotinib or gefitinib, a significant
proportion of tumors (f50%) can be shown to harbor an
acquired EGFR T790M mutation, in addition to the drug-
sensitizing mutations (L858R or exon 19 deletion; refs. 18–22).
In vitro , this T790M mutation confers resistance to treatment
with erlotinib and gefitinib, suggesting that these tumors
continue to require signaling through EGFR. However, in
patients with acquired resistance, tumor cells bearing EGFR
T790M represent a minority of cells, and as such, some
proportion of the tumor may remain responsive to erlotinib
or gefitinib (21, 23). Based in part on our anecdotal
observations of more rapid progression of disease after
discontinuation of erlotinib or gefitinib in patients who had
initially responded to treatment, we hypothesized that, in
patients with acquired resistance to erlotinib or gefitinib,
continued treatment with erlotinib or gefitinib may be of value
as well.
In addition to the use of ‘‘nontargeted’’ cytotoxic chemo-

therapies, targeted approaches hold promise for treatment of
patients with acquired resistance to erlotinib or gefitinib.
Several multitargeted kinase inhibitors that inhibit EGFR and
other HER family kinases (i.e., HER2) are beginning to be
explored (HKI-272, BIBW 2992; refs. 24, 25). Geldanamycin
derivatives have also been shown to have in vitro activity against
cell lines with EGFR T790M mutations (26, 27). Inhibitors of
signaling molecules downstream of EGFR could block signals
that escape EGFR inhibition.
Everolimus (RAD001, Novartis) is an inhibitor of mamma-

lian target of rapamycin (mTOR), which is being explored for
the treatment of NSCLC as a single agent and in combination.
Because mTOR is a downstream effector of EGFR, inhibition of
this pathway is a reasonable target in patients who seem to
continue to depend on EGFR signaling. Previously, we explored
combinations of gefitinib and everolimus and established that,
in combination with 250 mg/d gefitinib, the maximum
tolerated dose of everolimus is 5 mg/d (28). Pharmacokinetic
data indicated that coadministration of everolimus and
gefitinib did not alter the steady-state serum concentrations of
either drug.
We sought to prospectively examine two hypotheses in a

population of patients with acquired resistance to erlotinib or
gefitinib. We hypothesized that discontinuation of erlotinib or
gefitinib in patients with acquired resistance to EGFR TKI
would lead to increase in size and metabolic activity of tumors
and that reintroduction of erlotinib or gefitinib would lead to
decreased size and metabolic activity of tumors. Further, we
hypothesized that the addition of everolimus to erlotinib or
gefitinib in these patients would overcome acquired resistance.

Materials andMethods

Patients. All patients had metastatic NSCLC and were treated with
gefitinib or erlotinib monotherapy for more than 6 months. Patients

had acquired resistance to erlotinib or gefitinib as defined by a prior
radiographic response to treatment with gefitinib or erlotinib or, in
cases where radiographs were not available to document prior response,
documentation of either an EGFR exon 19 deletion or an EGFR L858R
mutation and treatment with erlotinib or gefitinib for at least 6 months.
EGFR mutational analysis was done as described previously (29). All
patients had radiographically documented progressive disease
[Response Evaluation Criteria in Solid Tumors (RECIST)] during
continued treatment with gefitinib or erlotinib. All patients had
measurable indicator lesions, Karnofsky performance status z70%,
and adequate hematologic (WBC >3,000/AL, hemoglobin >9.0 g/dL,
platelets >100,000/AL), renal (creatinine <2), and hepatic function
(total bilirubin <1.5� upper limit of normal, aspartate aminotransfer-
ase <2.5� upper limit of normal). The protocol and informed consent
documents were reviewed and approved by the Institutional Review
Board of Memorial Sloan-Kettering Cancer Center.

Discontinuation and reinitiation of erlotinib or gefitinib. At the time
of study entry, following baseline whole-body 18-fluoro-2-deoxy-D-
glucose (FDG)-PET/CT and chest CT, patients discontinued treatment
with erlotinib or gefitinib (Fig. 1). After 3 weeks without receiving
erlotinib or gefitinib, PET/CT and CT scans were repeated. Patients then
resumed treatment with gefitinib or erlotinib at the same dose and with
the same drug each patient was receiving before study entry. Following
3 weeks of continuous treatment with gefitinib or erlotinib, PET/CT and
CT scans were repeated.

Treatment with everolimus. Three weeks after resuming erlotinib or
gefitinib, 5 mg/d orally everolimus (RAD001, Novartis), was added.
After 3 weeks of combined treatment with gefitinib or erlotinib and
everolimus, patients had physical exam, toxicity evaluation, complete
blood count, blood chemistry including lipid panel, PET/CT, and CT.
CT scan was also done after 8 weeks of combined treatment and then
every 8 weeks. History, physical exam, and laboratory evaluation were
repeated every 4 weeks.

PET/CT scan methodology. PET/CT scans were done on a GE
Discovery combined high-resolution PET and high-resolution CT. After
being instructed to fast for at least 4 h before the PET/CT scan, patients
were injected with 10 to 20 mCi of [18F]FDG. PET/CT scan images were
obtained 20 to 60 min following injection of [18F]FDG. All images were
iteratively reconstructed using postemission transmission attenuation-
corrected data sets. Region-of-interest analysis tools shipped with the
scanner were used to calculate the maximal [18F]FDG concentration
within the primary tumor mass. SUVmax values were obtained by
correcting for the injected dose and the patient’s weight (30). SUVmax

refers to the FDG-avid lesion with the highest standardized uptake value
(SUV) on the baseline scan. Subsequent measurements are based on the
changes in the SUVmax of that lesion.

CT scan methodology. All CT scans were obtained using a thin-
section CT imaging protocol on a dedicated GE LightSpeed 16. Target
lesions in each patient were selected by a radiologist (L.H.S.). Tumor
diameters were determined using standard criteria (RECIST). Tumor
volumes were determined by a computer segmentation algorithm. After

Fig. 1. Protocol schema.
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manual determination of a lesion region of interest, the algorithm
automatically separated the lesion volume from its surrounding tissues,
including lung parenchyma, blood vessels, or chest wall (31–33).
Manual correction of segmentation was required at times if a lesion was
connected to the mediastinum.

Biostatistics. The primary end point of the protocol was to explore
changes in tumor size and metabolic activity of NSCLC as assessed by
serial PET/CT scans after EGFR TKI withdrawal, after EGFR TKI
reintroduction, and after receiving combination therapy with EGFR
TKI and everolimus. A secondary end point was to determine the
overall response rate after the addition of everolimus to gefitinib or
erlotinib. The planned sample size was 10 evaluable patients. The
sample size of 10 patients was chosen to allow description of changes
observed in an adequate number of patients. For the assessment of the
efficacy of everolimus in combination with gefitinib or erlotinib, this
corresponds to the first stage of an optimal two-stage design wherein a
response rate (p0) of 5% is tested against a response rate (p1) of 20%,
with a of 0.05 and power of 0.8. If no responses were observed in the
first 10 patients, then accrual would be discontinued. Patients were
considered evaluable for protocol end points if the first four CT and
PET/CT scans were completed. Time to progression and overall survival
for treatment with everolimus were determined from the date of first
treatment with everolimus until documented progression of disease
(time to progression) or death (overall survival). Median values were
determined using Kaplan-Meier survival curves. All toxicities were
reported using National Cancer Institute Common Terminology
Criteria for Adverse Events v3.0.

Results

Baseline characteristics. The baseline characteristics of the
13 patients who signed informed consent for this protocol are
described in Table 1. EGFR mutations were present in all
patients for whom adequate tissue was available (8 of 13). In a
biopsy obtained at the time of development of acquired
resistance to gefitinib, one patient had an EGFR T790M
mutation in addition to EGFR L858R (18). Three patients did

not complete the four CT and PET/CT scans required to be
evaluable for the primary study end points. One died of liver
failure caused by progressive hepatic metastases 4 weeks after
stopping gefitinib. One developed increasing back pain 2 weeks
after discontinuing gefitinib. The third was taken off study due
to cough and dyspnea 3 weeks after restarting erlotinib but
before the addition of everolimus.

Clinical findings after discontinuation and reinitiation of
gefitinib or erlotinib. Thirteen patients enrolled and, after
baseline imaging, discontinued treatment with erlotinib or
gefitinib (Fig. 1). For each patient, symptoms that emerged after
discontinuing and reinitiating gefitinib or erlotinib are de-
scribed in Table 2. Seven of 10 patients had an increase in
symptoms after discontinuing erlotinib or gefitinib. All 7 had
improvement or stabilization of symptoms after restarting
gefitinib or erlotinib.

Imaging findings after discontinuation and reinitiation of
gefitinib or erlotinib. The changes in diameter and volume of
indicator lesions observed after discontinuing and restarting
gefitinib and erlotinib are depicted in Fig. 2A and C,
respectively. Changes in SUVmax are depicted in Fig. 2B. After
discontinuation of gefitinib or erlotinib, tumor diameters
(RECIST) increased in 8 of 10 patients, whereas tumor volume
increased in 9 of 10 patients. Two patients had increase in
tumor diameter >20% and three patients had increase in tumor
volume >73% (equivalent to an increase in tumor diameter
of 20%). After discontinuation of erlotinib or gefitinib, the
SUVmax of the most FDG-avid lesion increased by z25% (the
European Organization for Research and Treatment of Cancer
guideline for progressive metabolic disease) in 5 of 10 patients.
Three weeks after restarting erlotinib or gefitinib, 7 of 10

patients had either no growth or reduction in the diameter of
indicator lesions, 8 of 10 patients had a reduction in tumor
volume, and 6 of 10 had a >15% decrease in SUVmax [European
Organization for Research and Treatment of Cancer–defined
partial metabolic response (34)] of the lesion with the highest
SUVmax. Median, mean, and range of size changes and change
in SUVmax of indicator lesions are presented in Table 3.

Response to combined treatment with everolimus plus gefitinib
or erlotinib. No patient (0 of 10, 0%; 95% confidence interval,
0-32%) had a confirmed partial response after combined treat-
ment with 5 mg/d everolimus plus gefitinib or erlotinib
(Fig. 3). FDG-PET and CT scans (to determine tumor diameter
and tumor volume) were obtained 3 weeks after adding
everolimus. At this time point, 5 of 10 patients had a decrease
in SUVmax of >15%, with a median reduction in SUVmax of 18%
(mean reduction, 11%; range, -39% to + 82%; Table 3). Median
time to progression after treatment with everolimus in
combination with erlotinib or gefitinib was 3 months. With a
median follow-up of 7 months, the median overall survival has
not been reached.

Toxicity of combined treatment with everolimus and gefitinib or
erlotinib. No patients died within 30 days of receiving
combined everolimus plus gefitinib or erlotinib. Most patients
experienced fatigue (four patients with grade 1, three with grade
2, and one with grade 3). Treatment-emergent oral ulcerations
were seen (one patient with grade 1, two with grade 2, and one
with grade 3). Three patients had grade 2 rash. Three patients
had grade 1 epistaxis. Diarrhea was seen in two patients (one
patient with grade 1 and one patient with grade 3). Grade 1
dyspnea and nausea were seen in one patient each. The most

Table 1. Baseline characteristics of patients
enrolled (13 patients)

Characteristic Number

Age, median (range) 56 (42-81)
Women 11
Histology
Adenocarcinoma 11
NSCLC 2

Smoking history
Never smokers 7
V15 pack-y 4
>15 pack-y 2

Time from diagnosis of metastatic disease (mo)
Median (range) 20 (8-91)

Previous treatment
Erlotinib 6
Gefitinib 7

Time on erlotinib or gefitinib (mo)
Median (range) 16 (8-79)

EGFR
L858R* 2
Exon 19 deletion 6
Not available 5

*On biopsy material obtained after treatment with gefitinib, one
patient had both L858R and T790M.
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common grade 3 treatment-emergent toxicities were fatigue,
oral mucosal ulcerations, and diarrhea. There were no grade 4
toxicities. Two patients had dose reduction for intolerable
grade 2 oral ulcerations.

Discussion

This prospective study of 10 patients who have previously
responded to erlotinib or gefitinib suggests that these patients
continue to benefit from treatment with erlotinib or gefitinib
despite documented progression of disease by RECIST. When
patients with acquired resistance to erlotinib or gefitinib
discontinue EGFR TKI treatment, the majority of patients had
a worsening in lung cancer symptoms, an increase in tumor
size, and an increase in tumor FDG uptake. Just 3 weeks after
resuming the EGFR TKI, the majority of patients had stabiliza-
tion or improvement in symptoms, a decrease in tumor size, and
reduction in tumor FDG uptake. Finally, we also show that the
addition of everolimus (an inhibitor of mTOR) failed to shrink
tumors further in this clinical setting.
We chose to examine the changes in radiographic character-

istics and symptoms 3 weeks after discontinuing treatment and
3 weeks after reinitiation of EGFR TKI treatment. Three weeks
allowed adequate time for clearance of drug (more than five
half-lives for gefitinib or erlotinib) and achievement of a new
steady state. Radiographic or symptomatic improvements with
gefitinib or erlotinib have been shown to commonly occur
within a 3-week period (1).
Alterations in lung cancer–related symptoms experienced by

patients in this trial were evident just 3 weeks after changing
treatments. Although striking, the symptomatic disease pro-
gression noted after discontinuation of erlotinib or gefitinib
(Table 2) should be interpreted with caution. To be eligible for
this trial, patients had to have evidence of progressive disease
determined by RECIST, suggesting that patients may have had
symptomatic progression even if they remained on treatment
with EGFR TKI during that time. However, stabilization or

improvement in symptoms observed after resumption of
erlotinib or gefitinib was noted by all patients who had
symptomatic progression. A potential limitation of these data
is that patients were not randomly assigned to treatment or
placebo. In fact, given that the distinct toxicities of erlotinib and
gefitinib had been experienced by all patients previously, it is
likely they would recognize the symptoms of EGFR TKI
retreatment even if a placebo control arm were present. It is
possible that some of these symptom reports were related to
patients’ expectations related to the withdrawal and resumption
of treatment. The subjective nature of patient symptoms
requires correlation with objective radiographic data.

Fig. 2. Imaging changes for individual patients after stopping and restarting
erlotinib or gefitinib followed by the addition of everolimus. A, CTunidimensional
(RECIST) measurements. B, FDG-PET SUVmax. C, CTvolume measurements.

Table 2. Clinical course of individual patients

Patient After stopping
erlotinib or gefitinib

After resuming
erlotinib or gefitinib

1 No change No change
2 Increased cough Cough stable
3 Seizure, increase in

size of brain mets
Brain mets stable

4 No change No change
5 Increased cough Cough stable
6 Increased pleural effusion Improved*
7 No change No change
8 Cough/fever Resolution
9 Increased pain Pain stabilized
10 Increased cough,

hemoptysis
Improved cough and
hemoptysis

11c Liver failure Death
12c Pain/weakness No change
13c Increased fatigue/weakness Increased pain

*Required drainage of pleural effusion before resumption of
gefitinib.
cCame off study before completing the first four CT and PET/CT
scans.
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Radiographic evidence of tumor progression after withdrawal
of erlotinib or gefitinib followed by improvement or stabiliza-
tion after restarting gefitinib or erlotinib was noted in a
majority of the patients. Because all patients had evidence of
disease progression before study entry, the increase in tumor
volume and tumor diameters seen after discontinuing erlotinib
or gefitinib may have been due to continued progressive
disease. The subsequent stabilization of tumor size, and in
some cases tumor shrinkage, seen after resumption of EGFR TKI
was noteworthy. Patients in this study resumed treatment with
the same drug (erlotinib or gefitinib) at the same dose they had
received before discontinuation of treatment. Other investiga-
tors have reported responses to erlotinib or gefitinib after
patients have shown either primary or acquired resistance to
the other EGFR TKI (35, 36). Others have reported patients who
have resistance to one EGFR TKI have resistance to both
erlotinib and gefitinib (37).
To our knowledge, this is the first published report of FDG-

PET assessment of patients with NSCLC treated with gefitinib,
erlotinib, or everolimus. FDG-PET assessment of changes in
tumors is complicated by many factors, which may limit
the interpretation and generalizability of the data. FDG avidity
as measured by PET scan is altered by tumor growth, cellular
proliferation, and, importantly, glucose metabolism. Some
changes in FDG-PET scan observed in this report may be a result
of changes in glucose metabolism without significant change
in tumor growth. Both gefitinib and everolimus are known to
alter glucose transport in cell lines independent of changes in
proliferation or induction of cell death (38, 39). Interpretation
of FDG-PET data is also hindered by the absence of established
guidelines for reporting of PET scan results (similar to RECIST).
Although the European Organization for Research and Treat-
ment of Cancer and theNational Cancer Institute have produced
guidelines, they are preliminary and fail to address several
issues for result reporting (such as how multiple lesions should
be treated; refs. 34, 40). Despite several known confounding
factors (41), FDG-PET SUVmax correlated with patient symp-
toms and tumor size determined by CT, suggesting that it is
a useful objective measure in this group of patients.
These data suggest that erlotinib or gefitinib should not be

discontinued in patients who have previously responded to
treatment with erlotinib or gefitinib. No randomized trials of
continued treatment with erlotinib or gefitinib versus placebo
have been done in this unique patient population. In HER2-
amplified breast cancer, trastuzumab is generally continued

after development of progressive disease (42). No randomized
trials have been done to determine whether this is more
effective than discontinuing trastuzumab, partially due to a
significant limitation imposed by the 3-week half-life of
trastuzumab. Retrospective reviews on this issue have provided
conflicting results (42–44).
Several groups are currently testing agents to treat patients with

acquired resistance to erlotinib or gefitinib. Our results suggest
that, because patients seem to be benefiting from continued
treatment with erlotinib or gefitinib, when designing such trials,
the time off erlotinib or gefitinib should be minimized.
We observed no significant antitumor activity after the

addition of everolimus to gefitinib or erlotinib in these 10
patients with acquired resistance to gefitinib or erlotinib.
Although there was some decrease in SUVmax and tumor size
at 3 weeks after addition of everolimus (Table 3), no RECIST-
defined partial responses were seen and there was an increase in
toxicity with the addition of everolimus. Absence of response in
this small sample does not rule out a response rate as high as
27%. The absence of efficacy of everolimus in this setting may
have occurred for a variety of reasons. There are several
downstream effectors of EGFR (signal transducers and activators
of transcription, RAS, mitogen-activated protein kinase, and
other pathways) in addition to mTOR, raising the possibility
that other molecules may be more important than mTOR in
continued signaling through EGFR. Alternatively, treatment
with everolimus may also lead to up-regulation of some
upstream signaling molecules (i.e., Akt) due to loss of feedback

Table 3. Changes in tumor on CT and FDG-PET

After stopping
gefitinib or erlotinib

After restarting
gefitinib or erlotinib

3 wks after adding
everolimus

Median change in tumor diameter +9% -1% -8%
Mean change in tumor diameter +9% 1% -9%
Range in change in tumor diameter -13% to +29% -14% to +23% -34% to +15%

Median change in tumor volume +50% -1% -11%
Mean change in tumor volume +61% -4% -10%
Range in change in tumor volume -4% to +260% -27% to 15% -40% to +26%

Median change in SUVmax +18% -4% -18%
Mean change in SUVmax +23% -11% -11%
Range in change in SUVmax -17% to +87% -45% to +62% -39% to +82%

Fig. 3. Waterfall plot for patients treated with everolimus and gefitinib or erlotinib.
Columns, maximum decrease in the size of the indicator lesion while on the
combination.
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inhibition (45). We examined a relatively small number of
patients, raising the possibility that, either due to chance or
varying mechanisms of acquired resistance, efficacy was not
seen. We have previously reported phase 1 data examining the
combination of gefitinib and everolimus, showing the tolera-
bility of this combination and the lack of pharmacokinetic
interaction in a few unselected patients (28). The data presented
here support the tolerability of the combination with erlotinib
or gefitinib in the setting of acquired resistance but failed to
reveal any dramatic efficacy in this patient population.

The data provided here suggest several further trials. A
randomized trial comparing continued treatment with gefitinib
or erlotinib to discontinuation of erlotinib or gefitinib at the
time of development of acquired resistance is one consider-
ation. Such a trial could be incorporated with the assessment of
a novel agent or conventional chemotherapy in this clinical
setting. Further trials to identify agents with activity in patients
with acquired resistance to erlotinib or gefitinib are critical for
these patients with lung cancer driven by this unique
mechanism.
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