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ABSTRACT OF THE THESIS 

Randomized, Open-label Phase II Clinical Trial of Combination  

Erlotinib (Tarceva®) and Fulvestrant (Faslodex®) versus Erlotinib (Tarceva®) Alone  

in Advanced or Metastatic Non-Small Cell Lung Cancer Patients 

by  

Edward Garon 

Master of Science in Clinical Research 

University of California, Los Angeles, 2014 

Professor Robert M. Elashoff, Chair 

Purpose  

This randomized, open-label trial evaluated erlotinib, an inhibitor of human epidermal growth 

factor receptor (EGFR), and a combination of erlotinib with fulvestrant, an anti-estrogen, in 

patients with advanced non-small cell lung cancer (NSCLC).  

Patients and Methods  

Patients with NSCLC were randomly assigned at a ratio of 2:1 to receive erlotinib plus 

fulvestrant or erlotinib. Eligibility requirements included ECOG performance status 0-2, no prior 

EGFR-directed therapy, and previous treatment with one or more chemotherapy regimens unless 

patient refused. Primary end point was objective tumor response rate; additional endpoints 

included overall survival (OS), progression free survival (PFS) and safety.  

Results  

106 patients were randomized and 100 patients (evaluated population) received at least one dose 

of study drug. The overall response rate (RR) for the cohort was 20.7%: 14.3% in erlotinib arm 

and 24.3% in erlotinib plus fulvestrant arm. Median PFS was 1.8 months for erlotinib and 1.9 for 
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erlotinib plus fulvestrant (HR=.85, 95% CI, .55-1.33, and p=0.47). Median OS was 5.7 months 

for erlotinib versus 9.4 months for erlotinib plus fulvestrant (HR=0.96, 95% CI, 0.6 to 1.55, and 

p=0.88). Response rate was significantly correlated with EGFR mutational status (p<0.0001). 

For patients with wild-type EGFR, clinical benefit rate (CBR: partial response + stable disease) 

was 54.8% with erlotinib plus fulvestrant versus 8.3% with erlotinib (p=0.0056). Common 

treatment-related adverse events were dermatological and gastrointestinal, predominantly grade 1 

to 2.  

Conclusion  

We were not able to demonstrate superiority of erlotinib with fulvestrant with respect to 

objective tumor response, OS and PFS compared to erlotinib alone. As anticipated, EGFR 

mutations were strongly associated with favorable outcomes. Within the EGFR wild-type subset, 

CBR was superior in the combination arm, although this was a post-hoc analysis rather than a 

prospective secondary endpoint. Ongoing work is evaluating blood and tissue samples from 

study participants in an attempt to identify biomarkers with anti-estrogens.  

ClinicalTrials.gov: NCT00100854 
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CHAPTER 1: THESIS BODY 

Introduction  

 Lung cancer is the leading cause of cancer death in the United States, and is responsible 

for more deaths each year than colon, breast, and prostate cancer combined (1). Due to mutations 

leading to increased growth factor signaling, EGFR has been implicated in lung cancer 

pathogenesis (2). Treatment with erlotinib, an epidermal growth factor receptor (EGFR) inhibitor, 

improves overall survival in patients with recurrent NSCLC (3). Compared to chemotherapy 

with carboplatin–paclitaxel, treatment with the EGFR inhibitor gefitinib increased progression-

free survival (PFS) in patients with untreated NSCLC with EGFR-activating mutations (4). 

However, the evaluation of potential mechanisms of resistance and investigation of its activity 

with other agents warrant further exploration.  

 Several studies suggest the role of estrogens in carcinogenesis and progression, as evident 

in estrogen receptor-α (ER-α) and ER-β mRNA and protein expression in malignant lung 

epithelial cells (5). Postmenopausal hormonal use has also been associated with increased 

mortality after diagnosis of lung cancer (6). Fulvestrant, a pure antiestrogen that downregulates 

ER in target tissues, is approved for the treatment of progressive breast cancer (7-9).  

 Details of the interactions between EGFR and the estrogen receptor pathway have begun 

to emerge. ER may mediate gene transcription by integrating signals from EGFR-activated 

pathways as well as from steroid binding (10). It has been reported that the combination of 

gefitinib and the antiestrogen, fulvestrant, resulted in an additive antitumor effect in ER positive 

breast cancer cell lines (11). As a result, there may be potential for use of EGFR tyrosine kinase 

inhibitors combined with anti-hormone agents to treat NSCLC. Therefore, we conducted an 
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open-label, randomized, phase II study in patients with advanced NSCLC evaluating erlotinib 

versus erlotinib plus fulvestrant.  

Patients and Methods  

Patient Population  

 Key inclusion criteria included age ≥ 18 years, pathologically proven advanced (Stage 

IIIb or IV) NSCLC, previously treated with one or more regimens or refusal or inability to 

receive standard 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 at baseline, and adequate organ function. 

Exclusion criteria included chemotherapy or non-cytotoxic investigational agents within 4 weeks 

of initiating treatment, prior history of EGFR inhibitor or anti-estrogen for the treatment of 

cancer, active CNS metastasis, and any significant condition that could impede with participation.  

Trial Design and Treatment  

 This multicenter, randomized, open-label phase II trial compared the objective tumor 

response rate (ORR) as defined by RECIST 1.0 in erlotinib and erlotinib/fulvestrant treatment 

arms. Secondary endpoints included characterization of the toxicities and the ability to deliver 

maximal doses of both agents, as well as identification of patient subgroups that are distinct with 

respect to response and toxicity.  

 Patients were randomly assigned (1:2) to receive oral erlotinib (150mg once daily) or 

erlotinib (150mg once daily) plus fulvestrant (500 mg IM loading dose on day 1 and 15 of cycle 

1 and then day 1 of subsequent cycles). Patients were assessed in 28-day cycles. One dose 

reduction (100 mg) was permitted for erlotinib and no dose reductions for fulvestrant were 

allowed. For an intolerable grade 3 or 4 rash, erlotinib dose reduced to 100 mg qday when rash 
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resolved to < grade 2; if possible, original dose was reinstated if there was no further toxicity for 

an entire cycle at 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.  

Assessments  

 During the study, tumor measurement and survival status were collected for evaluation of 

ORR which was the primary endpoint, as well as progression-free survival (PFS) and overall 

survival (OS) which were secondary endpoints. Each of these endpoints was analyzed in both 

arms individually, as it was a non-comparative study. Computed tomography (CT) scans were 

obtained at baseline and every two cycles (8 weeks). The investigator assessed disease status per 

RECIST 1.0. Patients were also monitored for adverse events (AEs), changes in laboratory 

values and physical examination findings.  

Evaluation of Safety and Tolerability  

 Safety and tolerability were assessed during the trial (from initiation of study treatment 

until at least 30 calendar days after the last dose of study drug) by standard monitoring and 

methods.  

Determination of EGFR Status and Biomarker Correlates  

 Tumor tissue, prior to the first dose, was obtained in order to enroll patients in this study. 

If normal adjacent lung tissue was not available, the patient was still eligible to participate in this 

study given other eligibility met protocol requirements. The tumor samples were either a tissue 

block (1mm; 10% neutral buffered formalin; paraffin embedded) or 20 optimal (but at least 5) 

unstained slides that are 4-5 micron thick sections (formalin fixed, paraffin-embedded tissue). 
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The pre-treatment tissue samples are currently being evaluated for ER-α, ER-β and progesterone 

receptor (PR), as well as several exploratory biomarkers. In addition, we sequenced for 

mutations in the EGFR tyrosine kinase domain (exons 18-21) on available tissue samples. Any 

EGFR result in which exon 19 and 21 were sequenced was considered informative. Whole blood 

sample was obtained at C1D1 for genomic DNA analysis, which will be performed by evaluating 

EGFR CA repeat and polymorphisms. Plasma and serum samples were obtained at the start of 

therapy (C1D1) and values will be compared to C2D1 and C3D1 samples to evaluate estrogen 

(estrone and estradiol) levels as well as exploratory biomarkers. 

Statistical Rationale for Study Design and Statistical Analyses  

 The study enrolled 106 subjects in a 2:1 ratio to the fulvestrant plus erlotinib 

combination: erlotinib monotherapy arms, respectively. Details of the power calculations are 

discussed in chapter 2. The primary end-point of this study was the objective response rate in 

each arm, and the erlotinib plus fulvestrant arm was to be compared to the 10% rate for erlotinib 

alone from studies in the literature. The protocol itself does not call for any comparative analysis 

between the two treatment arms. However, we have looked at between arm differences. (see 

Chapter 2). In analyzing the data, we have performed an exploratory analysis comparing the two 

treatment arms. Response rate, clinical benefit rate (partial response plus stable disease) and a 

variety of clinical factors present at baseline by arm were analyzed using a Chi-Square test. 

Median PFS and OS were estimated from Kaplan-Meier curves. Stratified log-rank test was used 

to test the difference in PFS and OS between treatment arms. 

Results  

Patient Characteristics 

 Between March 2006 and June 2011, 106 patients were randomly assigned to receive 

erlotinib (n=33) or erlotinib plus fulvestrant (n=73) at the University of California, Los Angeles 
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and through the Translational Oncology Research Institute (TORI) network, according to a pre-

specified randomization algorithm (Table 1). To account for dropouts, this was four patients 

more than the original number based on our power calculations. However, six patients withdrew 

prior to initiation of therapy for a total of 100 treated subjects. Randomization was stratified 

according to gender and performance status. Baseline characteristics were well balanced between 

the two treatment groups, with the exception that the erlotinib group had higher lymph node 

metastasis rate, compared with the erlotinib plus fulvestrant group (two sided p=.0085; Table 2). 

69 participants had EGFR status (mutant or wild type) determined. 33.3% of female participants 

were EGFR mutant versus 8.3% of males (chi-square test p=0.0217).  

Efficacy  

 The overall response rate (RR) in the entire cohort was 20.7%: 14.3% in erlotinib arm 

and 24.3% in erlotinib plus fulvestrant arm. The best response rate for patients receiving study 

treatment showed no significant difference between erlotinib and erlotinib plus fulvestrant (chi 

square p=0.47). As anticipated, when comparing mutant and wild-type EGFR participants, RR 

was significantly correlated with mutant EGFR status (two-sided p<0.0001) with superior 

response in EGFR mutant patients. This is based on 69 subjects for whom EGFR status could be 

assessed, 17 patients with mutations and 52 without mutations (wild type). Most EGFR mutant 

patients responded to therapy without clear differences being seen between the arms in this small 

subset. For patients with wild-type EGFR, a significant difference was seen for CBR (best 

response of partial response or stable disease), 54.8% with erlotinib plus fulvestrant versus 8.3% 

with erlotinib (p=0.0056). This is based on analysis of the 52 EGFR wildtype subjects. 12 of the 

13 erlotinib alone subjects could be assessed for outcome, with 11 of 12 having progressive 

disease as the best outcome, and stable disease seen in the remaining subject. 31 of the 39 EGFR 
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wildtype subject could be assessed for outcome with 3 partial responses, and 14 subjects each 

with stable disease and progressive disease as their best response. 

 PFS was analyzed when 90 events had occurred. At time of analysis, 79 deaths had 

occurred (26 patients receiving erlotinib, 53 receiving erlotinib plus fulvestrant). Overall, the 

median PFS was 1.8 months for erlotinib and 1.9 months for erlotinib plus fulvestrant (hazard 

ratio [HR] = 0.85, 95% CI, 0.55-1.33, two-sided p=0.47 based on a log-rank test; Figure 1A). 

The median OS was 5.7 months for erlotinib vs. 9.4 months for erlotinib plus fulvestrant; 

(HR=0.96, 95% CI, 0.6 to 1.55, two sided p=0.88 based on a log rank test; Figure 1B).  

For the EGFR mutant subset, median PFS was 16.4 months, compared to 1.8 months for 

wild-type EGFR (HR=0.19, 95% CI, 0.08-0.41; two-sided p<0.0001; Figure 1C). Median OS for 

the EGFR mutant subset was 27.9 months, compared to 5.8 months for the wild-type subjects 

(HR=0.23, 95% CI, 0.11-.49; two-sided p<0.0001; Figure 1D). The number of EGFR mutant 

patients was two small to make between arm comparisons. Within the EGFR wild-type subset, a 

trend toward favorable OS with erlotinib plus fulvestrant was noted (median OS 7.4 months for 

erlotinib + fulvestrant vs. 4.9 months for erlotinib; HR = 0.69, 95% CI, 0.36-1.31, two sided 

p=0.25 based on a log rank test).  

When analyzing gender, the median PFS was 1.7 months for men versus 3.3 months for 

women (HR=1.74, 95% CI, 1.14-2.66, two-sided p=0.0078 based on a log-rank test; Figure 1E). 

The same trend was noted for OS with median OS 11.2 months for females vs. 6.1 months for 

males (HR: 1.39, 95% CI: 0.89-2.17, two sided p=0.14; Figure 1F). It is likely that this 

difference based on gender was largely related to the difference in the frequency of EGFR 

mutations. 

Safety and Tolerability  
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 The most common AEs (all grades) in the evaluable population (n=100) were pain 

(42.4% vs. 47.8%), rash (48.5% vs. 61.2%), diarrhea (42.4% vs. 38.8%), and fatigue (33.3% vs. 

37.3%) for erlotinib versus erlotinib plus fulvestrant, respectively (Table 3). There were no 

significant differences between arms. The majority of the events were of grade 1 or 2 severity 

and manageable with standard supportive care.  

 Grade 3-4 AEs comprised dyspnea, pain, infection and rash. A total of 43 patients 

experienced 99 grade 3-4 AEs; 9 patients in erlotinib group had 24 grade 3-4 AEs and 34 

patients in erlotinib plus fulvestrant group had 75 grade 3-4 AEs. Two deaths occurred during the 

study, one due to cardiac-ischemia/infarction in the erlotinib group and one due to respiratory 

failure in the erlotinib plus fulvestrant group. Neither was felt to be drug-related.  

Discussion  

 This open-label, randomized trial examined the efficacy and safety of erlotinib in 

combination with the anti-estrogen fulvestrant compared to erlotinib alone for advanced NSCLC  

in the 100 patients who received study treatment. There was no demonstration of improved PFS 

or OS after treatment with erlotinib and fulvestrant over treatment with erlotinib (HR=.85, two 

sided P=0.47; HR=.96, two sided p=0.88). Yet, based on prior statistical analysis, the clinical 

results of a 24.3% RR did detect a greater than 100% improvement in RR with the combination 

of fulvestrant and erlotinib, compared to historical data for erlotinib monotherapy. This was 

likely driven in part by a higher percentage of patients with EGFR mutant tumors than would be 

seen in a typical unselected patient population (see Chapter 2). This suspicion is supported by the 

finding that the control arm (erlotinib alone) also performed better than historical controls with 

respect to the primary endpoint of response rate. 
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 Estrogen stimulates NSCLC gene expression, induces proliferation and growth, and 

diminishes apoptosis (5, 12-13). Notably, these processes can be prevented through the use of 

anti-estrogens in pre-clinical models. Relevant to the process of lung cancer progression, 

estrogens stimulate NSCLC cell proliferation in vitro and tumor growth in vivo; these actions are 

inhibited by the antiestrogen fulvestrant (14). Prior work has noted that estrogen significantly 

increases NSCLC proliferation in the presence of either ER-α and ER-β (15). These results 

support the present trial.  

At the time the study was initiated, the correlation between EGFR status and treatment 

was not known. Consistent with previous reports, response to erlotinib was significantly 

associated with EGFR status in our study (16-17). Prior studies have shown that erlotinib in 

combination with other therapies may or may not yield an additive effect (18-21). In the present 

trial, the OS and PFS for patients with an EGFR mutation were similar between the two 

treatment arms; however, due to the small sample size, the stratified log-rank test cannot be 

deemed accurate.  

 A trend toward improved RR, OS, and PFS with erlotinib plus fulvestrant relative to 

erlotinib for patients with an EGFR wild-type status was observed, but did not reach statistical 

significance. Among the 100 patients who received study treatment, 69 were ascribed an EGFR 

status. Within the EGFR wild type group, the CBR rate favored the erlotinib plus fulvestrant arm. 

A recent study that evaluated 54 NSCLC cell lines for growth inhibition with EGFR inhibitors, 

antiestrogen treatment, or the combination, recognized that fulvestrant has modest single agent 

activity in vitro and adds to effects of EGFR inhibitors, including synergy in the EGFR-mutant, 

erlotinib-resistant H1975 line (22). Ongoing work is evaluating blood and tissue samples from 

study participants to evaluate biomarkers related to ER and EGFR gene expression to correlate 
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with clinical response. Further investigation into the effects of fulvestrant, not in combination 

with erlotinib, in EGFR wild type patients is warranted.  

 A phase I dose escalation study of carboplatin, pemetrexed and exemestane, an aromatase 

inhibitor, in postmenopausal women with metastatic non-squamous NSCLC is currently 

underway. The preference towards postmenopausal women stems from studies that showed an 

increased incidence and mortality risk from lung cancer among postmenopausal women who 

were actively on hormone replacement therapy, as well as the restriction of exemestane efficacy 

to post-menopausal women (25-26). To select well-matched patients in the future, prescreening 

NSCLC patients (i.e., high estrogen or ER expression in tumor cells) may help select those most 

likely to respond to antiestrogens and aromatase inhibitors, but these findings will require 

validation with our ongoing biomarker analysis. 
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Figures & Tables 

 

Table 1. Site Distribution 

 Site Location 

Erlotinib 

Alone 

Erlotinib plus 

Fulvestrant Total 

Alhambra 1 5 6 

Bakersfield 5 5 10 

Fullerton 4 14 18 

Inland Valleys 

1 1 2 

Las Vegas 

2 6 8 

Long Beach  1 4 5 

Northridge 

0 3 3 

Redondo Beach 

1 4 5 

Santa Maria 3 2 5 

Terre Haute 

1 0 1 

UCLA 10 23 33 

UCLA Santa Monica 

3 4 7 

UCLA Westlake 

1 2 3 

Total 33 73 106 

This multicenter phase II trial enrolled subjects at the University of California, Los Angeles and through 

the Translational Oncology Research Institute (TORI) network.  
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Table 2. Patient Baseline Characteristics (n=106) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 

Patients Characteristics Erlotinib alone 
(n=33) 

Erlotinib + Faslodex 
(n=73) 

Total 
(n=106) 

Age             mean ± SD 68.2 ± 11.6 67.9 ± 10.6 68.0 ± 10.9 

                    Median, min - max 66, 42-87 68, 37-89 68, 37-89 

Gender    

                   F 18 (54.5) 43 (58.9) 61 (57.6) 

                   M 15 (45.5) 30 (41.1) 45 (42.4) 

Ethnicity    

                  Asian 7 17 24 

                  Black 2 3 5 

                  Hispanic 5 6 11 

                  White 18 46 64 

                  White/Hispanic 1 0 1 

                  Other(Filipino) 0 1 1 

ECOG    

                  0 13 (39.4) 29 (39.7) 42 (39.6) 

                  1 15 (45.4) 35 (48.0) 50 (47.2) 

                  2 5 (15.2) 9 (12.3) 14 (13.2) 

Smoker 26 (78.8) 53 (72.6) 79 (74.5) 

Histologic  Grade    

                  G1 5 7 12 

                  G2 12   9 21 

                  G3 7 31 38 

                  G4 0 2 2 

                  GX 5 18 23 

                  missing 4 6 10 

T-stage           

                  T1 7 6 13 

                  T2 13 17 30 

                  T3 1 11 12 

                  T4 12 32 44 

                  TX 0 7 7 

 N-Stage    

                  N0 4 14 18 

                  N1 6 6 12 

                  N2 7 25 32 

                  N3 12 15 27 

                  NX 4 13 17 

M-Stage    

                  M0 7 24 31 

                  M1 25 44 69 

                  MX 1 4 5 

                 missing 0 1 1 

Stage at Dx    

                    I 4 4 8 

                   II 1 3 4 

                  III 4 20 24 

                  IV 24 45 69 

                  unknown 0 1 1 

Stage at study enrollment               

               IIIB 1 (3.0) 11 (15.1) 12 (11.3) 

               IV 32 (97.0) 62 (84.9) 94 (88.7) 

Previous treatment    

               surgery 8 (24.2) 17 (23.3) 25 (23.6) 

               chemo 23 (69.7) 57 (78.1) 80 (75.5) 

               XRT 18 (54.6) 32 (43.8) 50 (47.2) 

Metastasis     

         Bone metastasis 17 (51.5) 29 (39.7) 46 (43.4) 

         Lymph 28 (84.8) 43(58.9) 71(67.0) 

         Bone marrow  0 1 1 

         Liver 9 (27.3) 15 (20.6) 24 (22.6) 

         GI 2 1 3 

         other 17 39 56 

         (in “other” category    

               Lung 6 15  

               Brain 3 10  

               Adrenal gland ) 5 7  

Current CNS metastasis 4 (12.1) 10 (13.7) 14 (13.2) 

EGFR    

             Mutant 7 10 17 

             Wild type 13 41 54 

             Not done 13 22 35 
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A                                                                                                    B 

    
At Risk:                                                   At Risk: 
Arm A    31     12      7       6      2      2      2       2       2      2      2       1       0                                                                    Arm A  28   20   14   11   9    8    8    8    7    4     3     2    1    1     1    1     1    1    1    1    1 
Arm B    66     35     19     15    12     9      8       6       4      4      3       3       2       1      1     1                                             Arm B  55   46   31   27  20   14  11  10  10  10   6     6    3    1    0    

 
 
C                                                                                                   D 

   
At Risk:                                        At Risk 
EGFRWT 53     23        8       4        2        1       1        1      1        1        0                                                                        EGFRWT 50        25        14         6          5          3         1         0                                
EGFRMT 15     13       10      7        7        5       5        3      3        1        1        1       1                                                     EGFRMT 10        10         9          9          8          6        3         1          1          1         1         
 
 
E                                                                                                  F 

   
At Risk:                                               At Risk: 
Male       42      17      7       6         6        4        2        2        2       2         1        1       1                                                           Male    37       21         11        4          4          1        0                           
Female   54      29     16      9         6        5        4        2         1       0                                                                                        Female 46       24         18       14        11         7        3         1         1         1          1 
 
 

 
Figure 1. Kaplan Meier estimates of (A, C, E) progression-free survival and (B, D, F) overall 

survival outcomes in (A, B) intent-to-treat, (C, D) EGFR mutant v. EGFR wildtype, and (E, F) 

male v. female populations. All time endpoints above are measured in months. 
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Table 3. Most Frequent Treatment-Related Adverse Events Occurring in ≥10% patients in Each 

Treatment Arm 

 

Adverse Event 

  

Erlotinib alone 

(n=33) 

Erlotinib + Faslodex 

(n=67) 
# Episodes # Pts (%) # Episodes # Pts (%) 

Pain 30 14 (42.4) 77 32 (47.8) 

Rash 31 16 (48.5) 74 41 (61.2) 

Diarrhea 19 14 (42.4) 45 26 (38.8) 

Fatigue 13 11 (33.3) 32 25 (37.3) 

Anorexia 9 8 (24.2) 29 21 (31.3) 

Dyspnea 10 6 (18.2) 26 22 (32.8) 

Dry skin 13 10 (30.3) 16 16 (23.9) 

Infection 8 4 (12.1) 20 16 (23.9) 

Nausea 8 8 (24.2) 15 12 (17.9) 

Cough 8 6 (18.2) 13 12 (17.9) 

Edema 9 6 (18.2) 8 8 (11.9) 

Weakness 4 4 (12.1) 13 11 (16.4) 

Dehydration 5 3 (9.1) 11 8 (11.9) 

Mucositis / stomatitis 1 1 (3.0) 14 12 (17.9) 

Constipation 2 2 (6.1) 11 10 (14.9) 

Vomiting 6 6 (18.2) 7 6 (9.0) 

Neuropathy 3 3 (9.1) 9 7 (10.4) 

Dizziness / lightheadedness 7 5 (15.2) 3 3 (4.5) 

Hypokalemia 3 3 (9.1) 7 7 (10.4) 

Taste alteration 4 2 (6.1) 6 6 (9.0) 
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Chapter 2. Statistical Analysis Plan  

Initial Analysis Plan for Primary Outcome 

Phase II data with single agent erlotinib in 216 subjects who had received ≥ 2 prior 

chemotherapy regimens demonstrated a RR of 10% (95% CI: 6-14%) (1). The study was 

designed as a two arm study from a clinical perspective, but the evaluated arm for the primary 

outcome of response rate was the combination arm. The erlotinib alone arm was included only so 

that we would be able to make comparisons in our correlative analysis between effects of 

erlotinib vs. effects of the combination of agents. The rationale for randomizing twice as many 

subjects to the erlotinib plus fulvestrant arm was that this was the only arm that was going to be 

evaluated for the primary endpoint. As an added benefit to this design, we felt that patients 

would be more inclined to participate if they were more likely to get an intervention (fulvestrant) 

that would be unavailable to them outside of the context of a clinical trial in the setting of 

metastatic lung cancer. Interestingly, the main incentive that drew many patients was an 

unanticipated one at the time of study initiation. Erlotinib costs approximately $100 per pill, and 

many patients were eager to have this medication provided at no cost as part of a clinical trial. 

Based on these results, we sought to randomize 102 subjects in a 2:1 ratio to the 

fulvestrant plus erlotinib combination: erlotinib monotherapy arms, respectively. Randomization 

was 2:1 as carried out by a random permuted block design, with randomization using a Web-

based system. Subjects were stratified based on gender and performance status (ECOG 0, 1 vs. 2). 

In a one-sided exact test, 68 subjects yielded a power of 82% (alpha= .10) to detect a 100% 

improvement in response rate with the combination of fulvestrant and erlotinib (expected 

RR=20%) compared to the historical data for erlotinib alone. The erlotinib monotherapy arm 

sought to recruit 34 subjects and served as a control arm for the subject population, but the study 
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was not powered to make formal statistical comparisons between the two arms.  

A placebo was not included as part of the erlotinib arm based on practical considerations. 

We did not have a placebo for fulvestrant as part of our study agreement with AstraZeneca. In 

addition, it would have added costs to have a study pharmacist deliver fulvestrant vs. 

fulvestrant/placebo. In addition, there would have been ethical issues in an unnecessary 

intramuscular injection in these ill patients, many of whom were on anticoagulants for their 

oncologic condition. Of course, the lack of placebo does lead to the potential for bias. Radiology 

was unaware of the treatment assignment, but beyond lack of inclusion of this information in the 

requisition, radiologists were not formally blinded. As this was a multicenter study though, 

radiographic data was read by a large number of radiologists, and it is unlikely that any 

radiologist would feel so invested in the study as to bias their results in favor of either arm of the 

study. 

Pitfalls of the Data Analysis Plan 

We encountered several difficulties based on the duration of time that elapsed during the 

study. Interestingly, the study began as a trial of gefitinib and fulvestrant. However, development 

of gefitinib in the United States was halted after four subjects were enrolled on this trial. Data 

from those subjects is not included in this analysis as they did not receive the eventual study 

therapies that were assessed. 

Further, a great deal was learned in the field from the time of study initiation until now. 

In particular, the role of EGFR mutations and the favorable association between these mutations 

and response to erlotinib was clarified during the conduct of the study. Since this study was 

designed in part to assess that relationship, the study did not include stratification by EGFR 

mutational status. Analysis by EGFR mutational status was planned as part of this study. In 
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retrospect, it may have been reasonable to stratify based on EGFR mutational status once the 

correlation between EGFR mutations and positive responses to erlotinib was known. However, 

that was difficult in part based on the fact that EGFR mutations was a study procedure that we 

had not intended to do in real time. If was not entirely practical to anticipate that subjects would 

wait for us to send the tissue to the University of Pittsburgh and have them analyze the tissue 

prior to enrollment on trial (which would have been needed if stratification was based on it). 

Other issues that arose include that the “line of therapy” for which erlotinib was 

appropriate changed over the course of the study. Initially, an EGFR inhibitor was recommended 

after two lines of prior therapy. During the study, the guidelines shifted to include a 

recommendation for an EGFR inhibitor after one or more lines of therapy, and in EGFR mutant 

patients, the recommendation became that frontline therapy be erlotinib.
2
 Therefore, as more 

known EGFR mutant patients enrolled after the recommendation for frontline therapy with 

EGFR inhibitors, there was a noted increase of EGFR mutant patients (and a resultant increase in 

response rate).  

As a result, analysis by line of therapy is difficult, as it is highly dependent on date of 

enrollment and EGFR mutational status. Particularly at UCLA, where over a third of the subjects 

were enrolled, patients with known EGFR mutations were preferentially enrolled. We will 

perform logistic regression with the dependent variable of clinical benefit rate and linear 

regression analyses with the dependent variables of progression free survival and overall survival. 

Based on the tremendous importance of EGFR mutational status in these models, analysis by 

regression will be limited to subjects for which EGFR mutational status is known. All models 

will include EGFR mutational status so that any additional variable that are independently 

predictive of outcome can be identified. 
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In addition, we now recognize the 8% response rate in EGFR wildtype patients with 

erlotinib seen in this study is unusual and encouraging. In a “between arm” comparison, it is not 

statistically different, however, when compared to historical controls it is very different 

(generally a response rate of < 1% would be expected in this setting)
3
. Assessments were made 

based on clinical benefit rate, although that was not a pre-specified outcome. 

We did not include a formal plan for dropouts either after the time of randomization or after the 

time of therapy initiation, which turned out to be an error. We attempted to add additional four 

patients to reach 102 subjects treated, but in the end, 6 subjects received no treatment, so only 

100 subjects were randomized. Further 23 subjects were not able to be assessed for the primary 

endpoint (response rate). 

Modified Analysis Plan for the Primary Outcome: 

Based on the initial data analysis plan, we met our primary endpoint of a response rate 

above 20%. However, based on thing that have been mentioned above, the relevance of this 

finding is unclear. Therefore, the primary endpoint of the trial was changed from the primary 

endpoint as compared to historical controls in the original grant. The study primary endpoint was 

to determine the objective response rate (RR) as defined by Response Evaluation Criteria in 

Solid Tumors (RECIST 1.0) in erlotinib and erlotinib plus fulvestrant treatment arms. Median 

PFS and OS were estimated from Kaplan-Meier curves. Stratified log-rank test was used to test 

the difference in PFS and OS between treatment arms. 

Statistical Analysis of Tissue Biomarkers 

EGFR mutational status was evaluated by the Stabile Group in Pittsburgh using pre-

treatment tissue samples. However, if a subject had EGFR mutational analysis in another CLIA 

certified laboratory, we did not require that the test be repeated. Evaluation of tissue biomarkers, 
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particularly ER-, is being analyzed by Dr. Press at USC to help determine the relationship 

between ER- levels and clinical outcomes. For ER- staining, ROC curves will be obtained, 

and area under the curve analyses will be conducted evaluating percentage staining as compared 

to RR, PFS and OS. We will identify the Youden Index for each outcome to identify the point 

that we consider to be predictive of response to fulvestrant plus erlotinib in the arm receiving 

both therapies. We will also evaluate the ROC curves for the biomarker in the erlotinib alone 

arm to ensure that the biomarker is not merely prognostic, but is instead predictive of a superior 

outcome with therapy directed against ER. 

Safety Analyses 

All randomized and treated patients were included in the safety analysis. In general, the 

safety analysis was descriptive in nature and was based on Genentech and AstraZeneca standards. 

No hypothesis testing was planned prospectively. 

The JCCC Data Safety Monitoring Board (DSMB) constituted prior to the treatment of 

the first patient. The role of the DSMB was to review the study from a safety perspective and to 

make recommendations regarding the continuation of the trial. The DSMB met twice yearly to 

review the incidence and severity of all AEs and SAEs. Prior to each meeting, members of the 

DSMB were provided with all relevant data, according to the statistical analysis plan of the study. 

In the event of unanticipated severe AEs or SAEs, the DSMB convened immediately to review 

the event(s) and ensure the safety of patients on the trial. After each meeting, the DSMB issued 

one of three recommendations: (1) continue with the trial as planned, (2) continue with the trial, 

with modifications to the protocol or (3) discontinue the trial due to serious safety concerns. 

Interim Analysis 

Two interim analyses occurred: (1) after 5 patients were treated with the combination to 
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ensure that there was no safety problem (as the only phase I data available was with the 

combination of a similar combination gefitinib and fulvestrant) and (2) after half of the patients 

had had their 8-week assessment. If the response rate in this subset of patients had been ≤ 5% 

(50% of the expected historical response rate of 10%), the trial would have been terminated for 

futility. Safety was analyzed at the interim analysis and on a biannually basis to assess AEs and 

SAEs. Monthly conferences were held to discuss the safety status of subjects in this protocol. In 

addition, the DSMB evaluated safety reports on a quarterly basis. 

Response Evaluation Criteria in Solid Tumors (RECIST 1.0)
4 

Eligibility 

1. Only patients with measurable disease at baseline were included since objective tumor 

response was the primary endpoint. 

a. Measurable disease - the presence of at least one measurable lesion. If the 

measurable disease is restricted to a solitary lesion, its neoplastic nature should be 

confirmed by cytology/histology or lesions that can be accurately measured in at 

least one dimension with longest diameter >20 mm using conventional techniques 

or >10 mm with spiral CT scan. 

b. Non-measurable lesions - all other lesions, including small lesions (longest 

diameter <20 mm with conventional techniques or <10 mm with spiral CT scan), 

i.e., bone lesions, leptomeningeal disease, ascites, pleural/pericardial effusion, 

inflammatory breast disease, lymphangitis cutis/pulmonis, cystic lesions, and also 

abdominal masses that are not confirmed and followed by imaging techniques. 

2. All measurements were taken and recorded in metric notation, using a ruler or calipers. 

All baseline evaluations were performed as closely as possible to the beginning of 
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treatment and never more than 4 weeks before the beginning of the treatment. 

3. The same method of assessment and the same technique were used to characterize each 

identified and reported lesion at baseline and during follow-up. 

4. Clinical lesions were considered measurable when they were superficial (e.g., skin 

nodules and palpable lymph nodes). For the case of skin lesions, documentation by color 

photography, including a ruler to estimate the size of the lesion, was recommended. 

Methods of Measurement  

 CT and MRI are the best currently available and reproducible methods to measure target 

lesions selected for response assessment. Conventional CT and MRI were performed with 

cuts of 10 mm or less in slice thickness contiguously. Spiral CT was performed using a 5 

mm contiguous reconstruction algorithm. This applies to tumors of the chest, abdomen 

and pelvis. Head and neck tumors and those of extremities require specific protocols. 

 Lesions on chest X-ray are acceptable as measurable lesions when they are clearly 

defined and surrounded by aerated lung. However, CT is preferable. 

 When the primary endpoint of the study is objective response evaluation, ultrasound (US) 

was not used to measure tumor lesions. It is, however, a possible alternative to clinical 

measurements of superficial palpable lymph nodes, subcutaneous lesions and thyroid 

nodules. US might also be useful to confirm the complete disappearance of superficial 

lesions usually assessed by clinical examination. 

 The utilization of endoscopy and laparoscopy for objective tumor evaluation has not yet 

been fully and widely validated. Their uses in this specific context require sophisticated 

equipment and a high level of expertise that may only be available in some centers. 

Therefore, the utilization of such techniques for objective tumor response should be 
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restricted to validation purposes in specialized centers. However, such techniques can be 

useful in confirming complete pathological response when biopsies are obtained. 

 Tumor markers alone were not used to assess response. If markers are initially above the 

upper normal limit, they must normalize for a patient to be considered in complete 

clinical response when all lesions have disappeared. 

Baseline Documentation of “Target” and “Non-Target” Lesions 

 All measurable lesions up to a maximum of five lesions per organ and 10 lesions in total, 

identified as target lesions and recorded and measured at baseline. 

 Target lesions were selected on the basis of their size (lesions with longest diameter) and 

their suitability for accurate repeated measurements (by imaging techniques or clinically). 

 A sum of the longest diameter (LD) for all target lesions was calculated and reported as 

the baseline sum LD. The baseline sum LD referenced to characterize objective tumor. 

 All other lesions (or sites of disease) was identified as non-target lesions and should also 

be recorded at baseline. Measurements of these lesions are not required, but the presence 

or absence of each was noted throughout follow-up. 

Response Criteria 

 Evaluation of target lesion 

o Complete Response (CR): Disappearance of all target lesions 

o Partial Response (PR): At least a 30% decrease in the sum of the LD of target 

lesions, taking as reference the baseline sum LD 

o Progressive Disease (PD): At least a 20% increase in the sum of the LD of target 

lesions, taking as reference the smallest sum LD recorded since the treatment 

started or the appearance of one or more new lesions 
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o Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient 

increase to qualify for PD, taking as reference the smallest sum LD since the 

treatment started 

 Evaluation of non-target lesions 

o Complete Response (CR): Disappearance of all non-target lesions and 

normalization of tumor marker level 

o Incomplete Response/Stable Disease (SD): Persistence of one or more non-

target lesion(s) or/and maintenance of tumor marker level above the normal limits 

o Progressive Disease (PD): Appearance of one or more new lesions and/or 

unequivocal progression of existing non-target lesions 

Evaluation of Best Overall Response 

 The best overall response is the best response recorded from the start of the treatment 

until disease progression/recurrence (taking as reference for PD the smallest 

measurements recorded since the treatment started). In general, the patient's best response 

assignment depended on the achievement of both measurement and confirmation criteria 

Target lesions 
Non-target lesions 

Evaluation of non-target 

lesions 

Overall 

Response 

CR CR No CR 

CR Incomplete response/SD No PR 

PR Non-PD No PR 

SD Non-PD No SD 

PD Any Yes or No PD 

Any PD Yes or No PD 

Any Any Yes PD 

 

 Patients with a global deterioration of health status requiring discontinuation of treatment 

without objective evidence of disease progression at that time were classified as having 

“symptomatic deterioration”. Every effort should be made to document the objective 
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progression even after discontinuation of treatment. 

 In some circumstances it may be difficult to distinguish residual disease from normal 

tissue. When the evaluation of complete response depends on this determination, it was 

recommended that the residual lesion be investigated (fine needle aspirate/biopsy) to 

confirm the complete response status. 

Confirmation 

 The main goal of confirmation of objective response is to avoid overestimating the 

response rate observed. When confirmation of response is not feasible, it was made clear 

when reporting the outcome of such studies that the responses were not confirmed. 

Duration of overall response 

 The duration of overall response is measured from the time measurement criteria are met 

for CR or PR (whichever status is recorded first) until the first date that recurrence or PD 

is objectively documented, taking as reference for PD the smallest measurements 

recorded since the treatment started. 

Duration of stable disease 

 SD was measured from the start of the treatment until the criteria for disease progression 

are met, referring to the smallest measurements recorded since the treatment started. 

Reporting of results 

 All patients included in the study are assessed for response to treatment. Each patient will 

be assigned one of the following categories: 1) complete response, 2) partial response, 3) 

stable disease, 4) progressive disease, 5) early death from malignant disease, 6) early 

death from toxicity, 7) early death because of other cause, or 9) unknown (not assessable, 

insufficient data). 
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