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Abstract

Objectives: This open-label, randomized phase 11 trial evaluated antitumor efficacy of an
antiestrogen, fulvestrant, in combination with human epidermal growth factor receptor (EGFR)
inhibitor, erlotinib, in advanced non-small cell lung cancer (NSCLC) patients.

Materials and Methods: Patients with advanced or metastatic NSCLC, ECOG 0-2, previous
chemotherapy unless patient refusal, and no prior EGFR-directed therapy were randomized 2:1 to
erlotinib 150 mg oral daily plus 500 mg intramuscular fulvestrant on day 1, 15, 29 and every 28
days thereafter or erlotinib alone 150 mg oral daily. The primary end point was objective response
rate (ORR); secondary endpoints included progression free survival (PFS) and overall survival
(0S).

Results: Among 106 randomized patients, 100 received at least one dose of study drug. ORR
was 16.4% (11 of 67 patients) for the combination versus 12.1% (4 of 33 patients) for erlotinib
(p=0.77). PFS median 3.5 versus 1.9 months [HR=0.86, 95% CI (0.52-1.43), p=0.29] and OS
median 9.5 versus 5.8 months [HR=0.92, 95% CI (0.57-1.48), p=0.74] numerically favored the
combination. In an unplanned subset analysis, among EGFR wild type patients (n=51), but not
EGFR mutant patients (n=17), median PFS was 3.5 versus 1.7 months [HR=0.35, 95% CI (0.14—
0.86), p=0.02] and OS was 6.2 versus 5.2 months [HR=0.72, 95% CI (0.35 to 1.48), p=0.37] for
combined therapy versus erlotinib, respectively. Notably, EGFR WT patients were more likely to
be hormone receptorpositive (either estrogen receptor a.- and/or progesterone receptor-positive)
compared to EGFR mutant patients (50% versus 9.1%, respectively) (p=0.03). Treatment was well
tolerated with predominant grade 1-2 dermatologic and gastrointestinal adverse effects.

Conclusion: Addition of fulvestrant to erlotinib was well tolerated, with increased activity noted
among EGFR wild type patients compared to erlotinib alone, albeit in an unplanned subset
analysis.

Keywords
Erlotinib; Fulvestrant; Lung Cancer; EGFR; Estrogen; Estrogen Receptor

1. Introduction

Lung cancer is the leading cause of cancer death in the United States, responsible for more
deaths each year than colon, breast, and prostate cancer combined [1]. The epidermal growth
factor receptor (EGFR/ErbB1/HER1) has been implicated in lung cancer pathogenesis [2],
and activating mutations of the tyrosine kinase domain of EGFR underlie the responsiveness
of non-small cell lung cancer (NSCLC) to EGFR inhibitors [2-4]. Compared to standard
chemotherapy, treatment with EGFR inhibitors increased progression free survival (PFS) in
untreated EGFR mutant NSCLC [5, 6]. Investigation of the activity of EGFR inhibitors with
other agents has been explored, but no current phase Il data show superiority of an
approach combining an EGFR inhibitor with a second agent [7, 8]. Understandably, there
has been a focus on EGFR inhibitors in EGFR mutant NSCLC patients, but the majority of
patients worldwide are EGFR wild type (EGFR WT) [9]. Recent results from randomized
prospective trials have presented findings showing that most patients with EGFR WT tumors
do not benefit from treatment with EGFR inhibitors alone [10] and the prescribing indication
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for EGFR inhibitors in NSCLC was therefore limited to first-line, maintenance, or second-
line therapy in patients with metastatic disease. However, during the period of patient
accrual for this study from 2006-2011, the correlation between EGFR status and treatment
was not fully elucidated. Although EGFR inhibitors are no longer recommended in patients
who lack EGFR driver mutations, our analysis conducted from 2006-2011 demonstrates
activity of an EGFR inhibitor when combined with antiestrogen therapy among EGFR WT
patients, thus providing evidence of potential cross-talk between these pathways.

An association between estrogens and lung cancer risk first emerged in the 1973 Coronary
Drug Project Trial when men who had previously suffered a myocardial infarction were
randomly assigned to receive either equine estrogen or placebo, with the anticipation that a
decrease in cardiac events would be observed in the estrogen arm. However, the trial was
stopped early when an increase in lung cancer mortality was observed in patients receiving
estrogen [11]. More recent randomized, prospective studies have also reported an increase in
lung cancer mortality from combined hormone use, and increased incidence of lung cancer
in patients receiving a combination of estrogen plus progestin as hormone replacement
therapy [12, 13]. In support of these findings, several laboratory studies suggest the role of
estrogens in promoting lung carcinogenesis and progression, as well as evidence of estrogen
receptor-a. (ER- ) and estrogen receptor-p (ER-B) mRNA and protein expression in
malignant lung epithelial cells [14-22]. In comprehensive studies, ER-a and ER-P were
reported in the nucleus and cytoplasm of NSCLC cells, but the level and frequency of
receptor expression varied among different antibodies used [23]. Progesterone receptor
(PgR) was also reported to be expressed in the nuclei of NSCLC cells. Further, nuclear ER
expression was found to correlate with adenocarcinoma histology, female gender, and
history of never smoking [23]. The potential roles and expression of steroid hormone
receptors, including estrogen receptor, progesterone receptor, and aromatase in NSCLC
clinical outcomes have previously been presented [24—26]Notably, fulvestrant, a pure
antiestrogen that downregulates ER in target tissues, is approved for treatment of progressive
breast cancer, and this antiestrogen is further reported to exert significant antitumor activity
in preclinical models of human NSCLC [14, 15, 22, 27-29].

Details of potential interactions between EGFR and the ER signaling pathway have also
been reported [22, 25]. ER may mediate gene transcription by integrating signals from
EGFR- activated pathways as well as from steroid binding [22, 25, 26, 30, 31]. Cross-
communication between EGFR and ER appears to promote significant stimulation of target
cell proliferation and a reduction in the apoptotic loss of those cells that express both
receptor signaling pathways [32]. These observations are supported by several preclinical
studies demonstrating that combinations of gefitinib or erlotinib with fulvestrant resulted in
additive antitumor effects in ER-expressing NSCLC cells /n vitroand in tumor xenograft
models /n vivo[22, 25, 28].

Gefitinib and fulvestrant were evaluated as part of a phase I trial in NSCLC. Results of the
trial demonstrated a promising safety profile as well as evidence of potential antitumor
activity [33]. We later initiated a phase Il trial of gefitinib and fulvestrant in patients with
advanced NSCLC, but the trial was suspended after four patients enrolled because further
development and availability of gefitinib in the United States stopped. The trial was then
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amended for use of erlotinib rather than gefitinib, thereby allowing the current open-label,
randomized, phase Il study of patients with advanced NSCLC to evaluate erlotinib plus
fulvestrant versus erlotinib alone.

2. Materials and Methods

2.1. Patients and Samples

Key inclusion criteria included age =18 years, pathologically-proven advanced (Stage I11b or
IV) NSCLC (AJCC 6t edition), previously treated with standard chemotherapy unless
patient refusal or inability to receive chemotherapy, Eastern Cooperative Oncology Group
performance status (ECOG PS) 0-2, measurable disease as defined by Response Evaluation
Criteria in Solid Tumors (RECIST 1.0), fresh or archival tumor tissue availability, and
adequate organ function. Exclusion criteria included chemotherapy or non-cytotoxic
investigational agents within 4 weeks, prior history of an EGFR inhibitor or antiestrogen for
cancer treatment and active CNS metastasis.

2.2. Trial Design and Treatment

This study was sponsored by Translational Research in Oncology-US Network
(NCT00100854). This multicenter, randomized, open-label phase |1 trial compared the
objective response rate (ORR) as defined by RECIST 1.0 in the erlotinib plus fulvestrant
arm versus erlotinib alone arm. Secondary objectives included PFS, OS, and characterization
of toxicities and identification of patient subgroups that are distinct with respect to response.

Patients were randomized 2:1 by a random permuted block design, using a web-based
system to receive oral erlotinib 150 mg oral daily plus fulvestrant 500 mg intramuscular on
day 1, 15, 29 and every 28 days thereafter or erlotinib 150 mg oral daily alone. The four
patients enrolled when gefitinib was the EGFR inhibitor are not included in this analysis. No
dose reductions were allowed for fulvestrant, and one dose reduction (100 mg) was
permitted for erlotinib. For an intolerable grade 3 or 4 rash, erlotinib was reduced to 100 mg
daily when the rash resolved to less than grade 2; if possible, the original dose was reinstated
if there was no further toxicity for an entire cycle at the reduced dose. Suggested measures
for management of skin toxicity included topical or systemic antibiotics along with topical
or a short course of systemic corticosteroids. Treatment was continued until documented
progression, unacceptable toxicity, withdrawal of consent, or death.

2.3. Assessments

During the study, tumor measurement and survival status were collected for evaluation of
ORR, PFS, and OS. Computed tomography (CT) scans were obtained at baseline and every
two cycles (8 weeks). Patients were also monitored for adverse events (AEs), changes in
laboratory values and physical examination findings on days 1 and 15 of the first cycle, day
1 of cycle 2 and 3, and day 1 of every other subsequent cycle.

2.4. Evaluation of Safety and Tolerability

Safety and tolerability were assessed from initiation of study treatment until at least 30
calendar days after the last dose of study drug. The JCCC Data Safety Monitoring Board,
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constituted prior to the treatment of the first patient, received quarterly reports and met at
least twice yearly to review the incidence and severity of all AEs and serious AEs. Two
interim analyses occurred, one for safety after 5 patients were treated with the combination
therapy and another for futility (ORR < 5%) in the combination arm after the 515t patient
received the 8-week assessment.

2.5. Determination of EGFR Status and Tissue ER-a and PgR

Prior to cycle 1 day 1 (C1D1), tumor tissue (new or archival) was obtained for assessment of
tissue biomarkers. Either formalin-fixed, paraffin-embedded tissue blocks, or unstained
sections 4-5 microns thick were used with immunohistochemistry assays to assess ER-a
and PgR expression in NSCLC. Tissue from patients who had not undergone EGFR
mutation testing in a CLIA-certified lab was sequenced for mutations in the EGFR tyrosine
kinase domain (exons 18-21) with results for exon 19 and 21 required to be considered
informative results. T790M would have been detected with the targeted sequencing that was
done for this study, but no T790M mutations were noted. Evaluation of nuclear ER-a using
6F11 anti-ER antibody (Abcam) and PgR using PgR636 anti-PgR antibody (DAKO) (both at
4 micrograms/ml, approximately 1:50 dilution) was performed with antigen retrieval (Tris/
EDTA buffer, pH 9) in a central CLIA-certified laboratory using established
immunohistochemical assays after validation of specific antibodies for ER-a and PgR in
NSCLC tissue [34-36]. The distribution of primary mouse anti-receptor antibodies bound to
tissue was detected by a secondary goat anti-mouse immunoglobulin conjugated to
horseradish-peroxidase-labelled-dextran polymer (DAKO) and localized with
diaminobenzidine. Positive and negative controls were included with each assay, which
consisted of known ER-a.-positive breast cancers and known PgR-positive breast cancers.
Confirmatory findings with human breast cancer cell lines (MCF-7/ER-positive and
T47D/PR-positive) also supported the findings. . Only freshly-cut NSCLC specimens were
used for these analyses. Tumor specimens were scored by a board-certified pathologist for
hormone receptor expression as either positive or negative by the pathology reviewer using
the ASCO-CAP guidelines criteria [37, 38].

2.6. Determination of Blood Estrone and Estradiol

Estradiol and estrone in patient serum collected at day 1 of cycles 1-3 were measured in
duplicate, using a simultaneous ultra-high performance liquid chromatography-tandem mass
spectrometry (LC-MS/MS) technique as described [39, 40]. Serum (0.5 ml), spiked with an
internal standard (2,4,16,16,17-d5-17 B-estradiol) was extracted with n-butyl chloride,
derivatized with dansyl chloride and transferred to glass vials for injection. Steroids were
eluted from a reversed-phase column, with an acetonitrile:water (0.1% formic acid) gradient.
Detection and quantitation were achieved as previously described [39]. The calibration
curves range from 1pg/ml (lower limit of quantitation) to 200 pg/ml. Values less than 1 were
below the level of detection and assigned a value of 0.

2.7. Statistical Design and Analyses

Patients were stratified based on gender and ECOG performance status. In a one-sided exact
test, 68 patients yielded a power of 82% (a= 0.10) to detect a 100% improvement in
response rate with erlotinib plus fulvestrant (expected RR=20%) compared to historical data
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[9, 41]. The primary end-point was ORR in each arm without calling for comparative
analysis between the treatment arms. In analyzing the data, we have performed exploratory
analyses comparing the two treatment arms. ORR and a variety of clinical factors present at
baseline by arm were analyzed using a Chi-Square test, Fisher’s exact test, or Wilcoxon rank
sum test. Median PFS and OS were estimated from Kaplan-Meier curves. Log-rank test was
used to test the difference in PFS and OS between treatment arms.

3. Results

3.1.

3.2.

Patient Characteristics

Between March 2006 and June 2011, 106 patients were randomized to receive erlotinib plus
fulvestrant (n=73) or erlotinib alone (n=33). Six patients received no study therapy, for a
total of 100 treated patients—67 patients in erlotinib plus fulvestrant arm and 33 patients in
erlotinib alone arm (Figure 1). Baseline characteristics were well balanced between the
randomized treatment groups (Table 1).

Efficacy

ORR was 16.4% for erlotinib plus fulvestrant and 12.1% for erlotinib alone (p=0.77).
Among 68 patients for whom EGFR status could be assessed, 17 patients had mutations and
51 were EGFR WT. Most EGFR mutant patients responded to therapy without clear
differences between the two treatment arms in this small subset. For patients with EGFR
WT, clinical benefit rate (CBR), defined as stable disease and partial response, was 41% (16
of 39) in the erlotinib plus fulvestrant arm and 8.3% (1 of 12) in the erlotinib alone arm
(p=0.04) (Table 2).

PFS was analyzed when 90 events had occurred. At the time of analysis, 82 deaths had
occurred (54 patients receiving erlotinib plus fulvestrant and 28 patients receiving erlotinib
alone). Overall, the median PFS was 3.5 months for erlotinib plus fulvestrant and 1.9 months
for erlotinib alone [HR = 0.86, 95% CI (0.52-1.43), one-sided p=0.29] based on a log-rank
test (Figure 2A). The median OS was 9.5 months for erlotinib plus fulvestrant versus 5.8
months for erlotinib alone [HR =0.92, 95% CI, (0.57 to 1.48), two-sided p=0.74] based on a
log-rank test (Figure 2B).

Within the EGFR WT subset, there was a significant PFS improvement with erlotinib plus
fulvestrant. Median PFS was 3.5 and 1.7 months for erlotinib plus fulvestrant versus
erlotinib alone [HR=0.35, 95% CI (0.14-0.86), p=0.02] (Figure 2C). A trend toward
favorable OS with erlotinib plus fulvestrant was noted with a median OS of 6.2 months for
erlotinib plus fulvestrant versus 5.2 months for erlotinib alone [HR=0.72, 95% CI (0.35—
1.48), p=0.37] (Figure 2D). In order to determine if the significant PFS association with
treatment in EGFR WT patients was potentially driven by gender, we also ran a Cox
proportional hazards model for PFS with both treatment and gender and found that including
gender did not substantially change the results. The treatment effect was still significant
[HR=0.68, 95% CI (0.47-0.98), p=0.04] and effect for male [HR=1.38, 95% CI (0.72-2.62),
p=0.33].
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As anticipated, when comparing participants regardless of treatment arm, ORR, PFS, and
OS were greatly superior in EGFR mutant patients when compared to EGFR WT. ORR
regardless of treatment arm was 69% (11 of 17) versus 3.9% (2 of 51) in the EGFR mutant
versus EGFR WT, respectively. Median PFS was 16.6 compared to 1.9 months [HR=0.25,
95% CI (0.13-0.47), p<0.01] (Supplemental Figure 1A), and median OS was 29.7
compared to 5.8 months [HR=0.28, 95% CI (0.16-0.50), p<0.01] (Supplemental Figure
1B). The number of EGFR mutant patients was too small to make between arm
comparisons.

Analysis of Outcome by Staining for ER-«, PgR and Blood Estrone and
Estradiol—Fifty-six cases had tissue available to be tested for ER-a and PgR by
immunochemistry, 2 of which were among the 6 patients who did not receive therapy.
Among the remaining 54 cases, 48 had available clinical outcome data. No clear difference
in ER-a or PgR staining by response amongst all cases (p=0.45), treatment arm (p=0.61), or
EGFR WT patients in the combination treatment arm (p>0.99) were seen. However, we
found that EGFR WT patients were more likely to be hormone receptor-positive (either
ERa- and/or PgR-positive) compared to EGFR mutant patients (50% versus 9.1%,
respectively) (p=0.03) (Table 3).

Estradiol and estrone levels were evaluated by response (Supplemental Figure 2) and
treatment arm (Supplemental Figure 3). Evaluation of baseline levels was highly
confounded by gender and menopausal status, making interpretation of this data difficult.
Among 61 evaluable patients in which both cycle 1 and cycle 2 levels were obtained, the
median difference in estradiol levels between cycles 1 and 2 (cycle 1 estradiol level minus
cycle 2 estradiol level) was 2.3 pg/mL and 1.8 pg/mL among patients with progressive
disease versus those with partial response and stable disease, respectively (p=0.20) by
Wilcoxan rank sum, (Supplemental Figure 2C). Among 66 evaluable patients in which
both cycle 1 and cycle 2 levels were obtained, the median difference in estradiol levels
between cycles 1 and 2 (cycle 1 estradiol level minus cycle 2 estradiol level) was 1.7 versus
3.2 pg/mL among patients in the erlotinib and fulvestrant combination versus erlotinib alone,
respectively (p=0.03) by Wilcoxan rank sum, (Supplemental Figure 3C).

3.3. Safety and Tolerability

The most common treatment-related AEs (all grades) in the evaluable population (n=100)
were rash (65.7% versus 45.5%), diarrhea (43.3% versus 39.4%), fatigue (32.8% versus
18.2%), and anorexia (25.4% versus 27.3%) for erlotinib plus fulvestrant versus erlotinib
alone, respectively (Table 4). There was no statistical difference in AEs between the
treatment arms. The most common grade 3-4 AEs included diarrhea, rash, anorexia, and/or
fatigue. The majority of the events were of grade 1 or 2 severity and manageable with
standard supportive care. Two deaths occurred during the study, one due to respiratory
failure in the erlotinib plus fulvestrant group and one due to cardiac-ischemia/infarction in
the erlotinib alone group. Neither event was considered to be drug-related.
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4. Discussion

This open-label, randomized phase Il trial examined the efficacy and safety of combination
erlotinib plus fulvestrant compared to erlotinib alone for treatment of advanced NSCLC.
Although there was no improvement in PFS or OS with erlotinib plus fulvestrant among all
patients, in subgroup analysis among EGFR WT patients, erlotinib plus fulvestrant
demonstrated an improvement in PFS. We acknowledge the EGFR WT subgroup analysis
was not a preplanned analysis, but do recognize that these results corroborate preclinical
studies that estrogen and EGFR play a significant role in lung cancer pathogenesis. During
the design and subsequent course of this study from 2006 to 2011, the use of tyrosine kinase
inhibitors (TKI) in EGFR mutant patients was not yet elucidated, and clinical guidelines for
the use of erlotinib in NSCLC evolved significantly over the course of a few years. Initially,
an EGFR TKI was recommended after two lines of prior therapy, and later treatment
guidelines shifted to include a recommendation for an EGFR TKI after one or more lines of
therapy. Among metastatic EGFR mutant patients, erlotinib therapy was recommended for
front-line therapy [42, 43]. After these updated guidelines were implemented, there was a
notable increase in the enrollment of EGFR mutant patients in this trial [3, 4, 44], making
the prospective threshold for ORR difficult to achieve in order to demonstrate significant
benefit with erlotinib plus fulvestrant.

In this trial, the OS and PFS for patients with an EGFR mutation were similar between the
two treatment arms. The balance of EGFR mutant patients in the combination and erlotinib
arms were similar, 15 and 21%, respectively. Importantly, among the unplanned EGFR WT
subgroup analysis, we note that prior investigations have reported on differences in steroid
hormone receptor expression in EGFR mutant as compared to EGFR WT tumors in the
clinic [23, 45-48]. Our findings show that steroid hormone receptor expression is greater in
EGFR WT tumors versus EGFR mutant tumors among patients enrolled on this trial.
Consequently, the improved PFS and trend toward improved ORR and OS with the
combination therapy among EGFR WT patients may be due in part to enhanced antiestrogen
interactions with steroid hormone receptors enriched in the EGFR WT population. This
finding is consistent with preclinical data demonstrating that estrogen stimulates specific
gene expression, induces proliferation and growth, and stops apoptosis in NSCLC [14-29].
However, since this study began patient recruitment, the benefit of EGFR TKIs in terms of
PFS and OS in the treatment of EGFR WT NSCLCs has come under question, culminating
in the recent withdrawal of approval from the US Food and Drug Administration (FDA) in
this setting [42, 49]. The authors acknowledge that the improved PFS among EGFR WT
patients is important as proof of principle and would not advise taking this concept forward
among EGFR WT patients without further substantial evidence to support it. Furthermore,
because this is a subgroup analysis the sample size is small (n=51) with 39 and 12 patients in
the combination versus erlotinib alone group, respectively. As stated by the US FDA in
2016, treatment with erlotinib should include only those patients with activating EGFR
mutations [50]. Most clinical trials report that no significant improvements in PFS or OS
occur in patients with EGFR WT tumors treated with erlotinib as compared to placebo
controls [10]. This would indicate that the increase in PFS in EGFR WT patients treated
with fulvestrant plus erlotinib in the current trial may have had clinical benefit due primarily
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to the addition of the antiestrogen fulvestrant. This outcome may be due primarily to an
antiestrogen effect or to synergy between fulvestrant and erlotinib in EGFR WT patients.
Thus, although this study endured slow patient accrual during a time of tremendous change
in clinical practice, the improvement in PFS in patients with EGFR WT NSCLC treated with
erlotinib and fulvestrant as compared to erlotinib alone is notable. Although not statistically
significant, treatment-related rash and fatigue were higher in the combination arm, which are
known side effects of fulvestrant therapy.

Apart from the differences in steroid hormone expression between wild type and mutant
EGFR tumors noted above, additional studies of ER-a and PgR tissue expression and blood
estradiol and estrone levels in this trial did not prove informative with regard to the selection
of patients more likely to respond to hormonal interventions. As in studies in steroid
hormone receptor-positive breast cancer, either ER-a and/or PgR positivity was considered
hormone- receptor-positive, as ER-a if activated can induce PgR expression, thereby serving
as a further biomarker of ER-a activity [51, 52]. Further studies are required to assess ER-a
expression as an alternate biomarker using either validated ER-p antibodies as available
and/or baseline transcript levels in NSCLC specimens, as ER-p is reported to be the
predominant ER form in lung development and in malignant lung cells [14-26]. A
comprehensive analysis including ER- is planned pending the availability of a reliable and
validated ER-B antibody for immunohistochemistry studies.

Further development of fulvestrant, other antiestrogens, or aromatase inhibitors in EGFR
WT NSCLC should likely pursue alternate strategies rather than in combination with EGFR
inhibitors. Additional trials of fulvestrant in postmenopausal women with advanced NSCLC
are currently recruiting patients (NCT01556191). Alternative approaches would also include
aromatase inhibitors such as exemestane alone (NCT02666105) or in combination with
chemotherapy (carboplatin and pemetrexed) (NCT01664754) [53]. In addition, since the
initiation of this study, immune checkpoint inhibitors have become an important intervention
in lung cancer care [54, 55] and the possibility that hormonal therapies could complement
immunotherapy is a potential focus of future research [56].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
. Phase Il trial assessed antitumor efficacy of fulvestrant plus erlotinib in
NSCLC
. ORR was 16.4% for combination arm versus 12.1% for erlotinib alone arm
. PFS and OS numerically favored the combination treatment arm versus
erlotinib arm
. In EGFR WT patients, but not EGFR mutant patients, fulvestrant plus

erlotinib increased PFS

. Dual therapy benefit in EGFR WT patients may be due in part to greater HR
positivity
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128 Patients Screened

5 Withdrew consent
1 death

6 did not receive any intervention

Figure 1.
CONSORT diagram.
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Table 1.
Baseline characteristics
Patient Characteristic Erlotinib and | Erlotinib Alone | P value
Fulvestrant (n=33)
(n=67)
Median Age (years) (SD) 68 (11) 66 (12) 0.898
Gender 0.728
Female (%) 39 (58) 18 (55)
Male (%) 28 (42) 15 (45)
Ethnicity 0.615
Asian (%) 17 (25) 7(21)
Black (%) 3(4) 2 (6)
Hispanic (%) 5(7) 5 (15)
White (%) 42 (63) 19 (58)
Missing (%) 0 (0) 0 (0)
ECOG 0.787
0 (%) 27 (40) 13 (39)
1 (%) 33 (49) 15 (45)
2 (%) 7(10) 5 (15)
Smoking Status 0.619
Yes (%) 49 (74) 26 (79)
No (%) 17 (26) 7(21)
Missing (%) 1(1) 0 (0)
EGFR 0.119
Mutant (%) 10 (15) 7(21)
Wild Type (%) 39 (58) 12 (36)
Not done (%) 18 (27) 14 (43)
Histology 0.931
Adenocarcinoma (%) 41 (61) 21 (64)
Squamous (%) 13 (19) 6 (18)
Other (%) 3(4) 2 (6)
Missing (%) 10 (15) 4(12)
Stage at Enrollment 0.095
1B (%) 10 (15) 1(3)
IV (%) 57 (85) 32 (97)
Number of Prior Treatments for Stage 1V 0.574
0 (%) 29 (43) 11 (33)
1 (%) 21 (31) 10 (30)
2 (%) 11 (16) 7(21)
3 (%) 2(3) 2 (6)
4 (%) 2(3) 0(0)
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Patient Characteristic Erlotinib and | Erlotinib Alone | P value
Fulvestrant (n=33)
(n=67)
Missing (%) 2(3) 3(9
Cycles Completed (Mean) (SD) 5.1(7.2) 4.4 (7.2) 0.646
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Table 2.

Response rates among combination erlotinib and fulvestrant versus erlotinib alone

Erlotinib and | Erlotinib | *p yalye
Fulvestrant Alone
All Patients
ORR (%) 11 (16.4) 4(12.1) 0.77
PR (% 11 (16.4) 4(12.1)
SD (%) 18(27) 721)
PD (%) 25(37) 16 (46)
NA (%) 13(19) 6(18)
Total 67 33
EGFR Wild Type
ORR (%) 2(5.1) 0(0) >0.99
PR (% 2(5.1) 0(0)
SD (%) 14 (36) 1(8)
PD (%) 15(38) 11(92)
NA (%) 8(21) 0()
Total
ORR (%) 3(7.7) 0(0) >0.99
PR (% 3(7.7) 0(0)
SD (%) 14 (36) 1(8)
PD (%) 15(38) 11(92)
NA (%) 7(18) 0()
Total 39 12
CBR (%) 16 (41.1) 1(8.3) 0.04
PR+SD (%) | 16 (41.1) 1(8.3)
PD (%) 15(38) 11(92)
NA 8(21) 0(0)
Total 39 12

*
Fisher’s exact test.

ORR: objective response rate, which includes confirmed responses only, RR: response rate, which includes confirmed or unconfirmed responses,
CBR: clinical benefit rate which is defined as SD plus PR, NA: not available, PR: Partial Response, SD: Stable Disease, PD: Progressive Disease
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Table 3.

ER-a and PgR tissue immunohistochemistry analysis

Hormone Receptor | Hormone Receptor | *p \qjue

Positive1 Negative2
All Patients
ORR (%) 2(10) 7(21) 0.45
PR (%) | 2(10) 7(21)
SD %) | 7(35) 10(29)
PD (%) | 9(45) 13(38)
NA (%) | 2(10) 4(12)
Total 20 34

EGFR Hormone Receptor Status

EGFR Mutant (%) | 1(9.1) 10 (90.9) 0.03

EGFR WT (%) 18 (50) 18 (50)

Erlotinib and Fulvestrant Arm

ORR (%) 1(7) 4(20) 0.61
PR(%) | 1(7) 4(20)
SD (%) | 6(40) 7(35)
PD (%) | 6(40) 8(40)
NA (%) | 2(13) 1(5)
Total 15 20

Erlotinib and Fulvestrant Arm with EGFR WT

ORR (%) 1(7) 1(7) >0.99
PR (%) | 1(7) 1(7)
SD (%) | 6(40) 5(36)
PD (%) | 6(40) 7 (50)
NA (%) | 2(13) 1(7)
Total 15 14

*
Fisher’s exact test.

1_. . "
Either ER-a or PgR status is positive

2 . .
Both ER-a and PgR status is negative

ORR: objective response rate, which includes confirmed responses only, NA: not available, PR Partial Response, SD: Stable Disease, PD:
Progressive Disease, ER: Estrogen Receptor; PgR: Progesterone Receptor
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Table 4.

Most common adverse events and treatment-related events

Erlotinib and Fulvestrant Erlotinib Alone (n=33) *p value
(n=67) (Al
Grades)

Any Adverse Event | All Grades (%) | Grade 3/4 (%) | All Grades (%) | Grade 3/4 (%)

Anorexia 22 (33) 2(3) 10 (30) 1(3) 0.799
Diarrhea 30 (45) 3(5) 16 (49) 2 (6) 0.726
Dyspnea 22 (33) 5(8) 6 (18) 3(9) 0.125
Fatigue 29 (43) 3(5) 12 (36) 1(3) 0.508
Infection 16 (24) 6 (9) 5 (15) 1(3) 0.314
Nausea 13 (19) 2(3) 9(27) 0(0) 0.372
Pain 38 (57) 7 (10) 15 (46) 2 (6) 0.289
Rash 44 (66) 4.(6) 15 (46) 0(0) 0.053
Treatment Related | All Grades (%) | Grade 3/4 (%) | All Grades (%) | Grade 3/4 (%)

Adverse Event

Anorexia 17 (25) 2(3) 9(27) 1(3) 0.839
Diarrhea 29 (43) 3(5) 13 (39) 2 (6) 0.711
Fatigue 22 (33) 3(5) 6 (18) 0 (0) 0.129
Nausea 10 (15) 1(2) 8 (24) 0(0) 0.254
Pain 15 (22) 1(2) 9(27) 0 (0) 0.591
Rash 44 (66) 15 (46) 15 (46) 0(0) 0.053

*
Fisher’s exact test.

Most common adverse events were defined as those that occurred in at least 25% of patients
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