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Abstract  

Introduction:  One standard of care for advanced non–small cell lung cancer (NSCLC) is 

paclitaxel plus carboplatin±bevacizumab. This two-step phase I study evaluated the feasibility of 

adding everolimus to paclitaxel plus carboplatin ± bevacizumab for advanced NSCLC. 

Methods: Adults with advanced NSCLC naive to systemic therapy were enrolled. A Bayesian 

dose-escalation model was used to identify feasible daily or weekly everolimus doses given with 

paclitaxel (200 mg/m2 q21 days)  and carboplatin  (200 mg/m2 day 1; (AUC 6 mg/mL/min  day 

1; q d 2221 days) (=  (step 1) and paclitaxel (200 mg/m2 q21 days), carboplatin (AUC 6 

mg/mL/min q21 days), and bevacizumab (200 mg/m215 mg/kg day 1; AUC 6 day 1; 15 mg/kg 

day 1; q d 22q21 days) (=  (step 2). Primary endpoint was end-of-cycle 1 dose-limiting toxicity 

(DLT) rate. Secondary endpoints included safety; relative dose intensities of paclitaxel, 

carboplatin, and bevacizumab; pharmacokinetics; and tumor response. 

Results: Fifty-two patients were enrolled and received everolimus 5 mg/day plus carboplatin and 

paclitaxel (step 1 daily; n=13); everolimus 30 mg/week plus carboplatin and paclitaxel (step 1 

weekly; n=13); everolimus 5 mg/day plus carboplatin, paclitaxel, and bevacizumab (step 2 daily; 

n=13); or everolimus 30 mg/week plus carboplatin, paclitaxel, and bevacizumab (step 2 weekly; 

n=13). End-of-cycle 1 DLT rate was 16.7% (step 1 daily), 30.8% (step 1 weekly), 30.0% (step 2 

daily), and 16.7% (step 2 weekly). Cycle 1 DLTs were grade 3 neutropenia, anal abscess, 

diarrhea, and thrombocytopenia and grade 4 myalgia, cellulitis, neutropenia, febrile neutropenia, 

pulmonary embolism, and thrombocytopenia. The most common adverse events were 

neutropenia, fatigue, anemia, and thrombocytopenia. One patient (step 2 daily) experienced 

complete response,; 10 patients experienced partial response.  
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Conclusions: The feasible everolimus doses given with carboplatin and paclitaxel±bevacizumab 

were 5 mg/day and 30 mg/week. Neither schedule was very well tolerated in this unselected 

NSCLC population.  

Key words: non–small cell lung cancer; everolimus; dose-limiting toxicity 
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Introduction 

In patients with advanced (stage IIIB/IV) non–small cell lung cancer (NSCLC), platinum-based 

chemotherapy prolongs survival and improves symptom control when used in combinationgiven 

with third-generation cytotoxic agents [1]. Accumulating evidence suggests that even newer 

platinum-based combinations includingthat include gemcitabine, vinorelbine, paclitaxel, and 

docetaxel, as well as pemetrexed for non–squamous cell carcinoma, have reached a plateau in 

their attainable overall response and efficacy, with 1-year survival rates of approximately 30%–

40% [1–3]. Thus, despite recent advances in chemotherapy, including new strategies to deliver 

prolonged cytostatics administration of cytostatics via switch or continuation maintenance and 

continuation maintenance treatment with pemetrexed in select patients populations, and the 

development of molecularly targeted agents, the prognosis for advanced NSCLC overall 

continues to be poor, with a median overall survival of ≤approximately 12 months or less in 

unselected patients [2, 3]. Novel therapeutic agents are urgently needed to further improve 

outcomes in advanced NSCLC.  

 

Based on current knowledge of cellular pathways in lung cancer, several new molecularly 

targeted therapiestargets are being pursued. One target is the mammalian target of rapamycin 

(mTOR), a signal transduction molecule implicated in cancer the development and progression 

of cancer [4]. Everolimus is an oral mTOR inhibitor that has shown antitumor activity in in vitro 

and in vivo tumor models [5–7], including NSCLC cell lines [5, 8–10]. Everolimus is currently 

approved in various countries for treating treating hormone receptor–positive, herHER-human 

epidermal growth factor receptor 2–-negative advanced breast cancer in combination with 

exemestane after failure of anastrozole or letrozole; sorafenib- or sunitinib-refractory advanced 
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renal cell carcinoma; progressive;, unresectable, locally advanced or metastatic pancreatic 

neuroendocrine tumors that are unresectable, locally advanced, or metastatic; subependymal 

giant cell astrocytomas not amenable to surgery in patients with tuberous sclerosis; and renal 

angiomyolipoma not requiring immediate surgery in patients with tuberous sclerosis [11–14].  

 

EAs monotherapy, everolimus monotherapy has demonstrated modest clinical activity in 

previously treated advanced NSCLC [15]. However, preclinical data suggest that adding 

everolimus to cytotoxics agents may provide improved activity [5, 16]. In one study, everolimus 

sensitized A549 human NSCLC cells to cisplatin-induced apoptosis, thereby demonstrating the 

potential to enhance the cisplatin therapeutic window [5]. In another study of A549 cells, 

everolimus demonstrated synergy with cisplatin and moderate synergy with paclitaxel [16]. In 

vivo studies of H-596 NSCLC xenograft studies demonstrated dose-dependent synergy between 

everolimus and cisplatin and synergy between everolimus and low-dose paclitaxel [16]. Clinical 

evidence for the benefit of adding everolimus to cytotoxic chemotherapy in NSCLC comes from 

a phase I study of everolimus plus docetaxel for advanced NSCLC that progressed following ≥1 

chemotherapy regimen [15].  

 

Carboplatin plus paclitaxel ±+/-with or without bevacizumab confers significant survival benefits 

in for patients with advanced NSCLC [17]. and  As such, this regimen has become one of the 

standards of care for treating advanced NSCLC. Here, we report the results of a 2-step, phase I 

study designed to assess the feasibility of administering everolimus in combination with 

carboplatin and paclitaxel (step 1) or carboplatin, paclitaxel, and bevacizumab (step 2) in patients 
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with advanced, metastatic NSCLC not previously treated with systemic anticancer therapy 

(ClinicalTrials.gov unique identifier NCT00457119). 

 

Methods 

Patients 

Eligible patients were aged ≥18 years with histologically or cytologically provenconfirmed 

advanced NSCLC (stage IIIB/IV per Union Internationale Contre le Cancer of staging system 

[UICC/IASLC]-6 disease staging system)) NSCLC [18] not previously untreated with systemic 

therapy for advanced disease (; no previous systemic therapy for operable disease [(eg, adjuvant 

chemotherapy or a combination of chemoradiotherapychemotherapy and radiation]) was was 

permitted). Other key eligibility criteria included a World Health Organization (WHO) 

performance status ≤1 and adequate bone marrow, hepatic, and renal function. Women of 

childbearing potential were required to demonstrate a negative serum pregnancy tests at 

screening. Key exclusion criteria included severe and/or uncontrolled medical conditions, wide-

field radiation therapy to ≥25% of the bone marrow within 4 weeks of study entryinitiation, 

limited radiation therapy for palliation within 2 weeks before first study treatment, previous 

therapy with everolimus or other mTOR inhibitors, or known sensitivity to carboplatin (or other 

platinum-containing derivativesagentscompounds), paclitaxel (or other taxanes), or 

bevacizumab. Patients with squamous cell histology, brain metastasis, history of thrombotic or 

hemorrhagic disorders, gross hemoptysis, or an international normalized ratio >1.5 and a partial 

thromboplastin time above the upper limit of normal within 1 week prior to study treatment were 

excluded from step 2.  
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Study design  

This open-label, multicenter, two-step, phase I study was designed using a Bayesian sequential 

dose-escalation scheme based on a time-to-event model of the dose-limiting toxicity (DLT) rate, 

which estimates the probability that a patient will experience a DLT within their first treatment 

cycle (ie, end-of-cycle 1 DLT rate). Adverse events (AEs) meeting the definition of a DLT are 

summarized in Table 1. A time-to-event model was selected to ensure a prompt reaction 

response to the occurrence of any DLT during the first treatment cycle. The model used all DLTs 

occurring within a given regimen irrespective of when they occurred during the treatment period, 

including during the first treatment cycle 1. This design allowed flexibility regardingwith regard 

to the number of patients enrolled at each dose level, avoiding the need to for predefined the 

cohort sizes.  

 

The DLT model was regularly updated to allow decision making about the next dose level to 

consider for additional patients. Decision-making time points occurred after every DLT 

occurring within the first treatment cycle 1, after the first 6 patients in a schedule completed 

cycle 1 or had documented discontinuation due to a DLT during cycle 1, and, in the absence of 

the first two criteria, every 2 months thereafter. At each time point, the next dose level chosen 

was that which maximized the probability of the end-of-cycle 1 DLT rate falling within the 

targeted toxicity interval [20%–35%), had a <5% probability of the end-of-cycle 1 DLT rate 

falling within unacceptable toxicity interval [60%–100%] and a <25% probability of it falling 

within the excessive [35%–60%) or unacceptable [60%–100%] toxicity intervals combined. 
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The study was conducted according to the Declaration of Helsinki ethical principles of the 

Declaration of Helsinki. The study protocol was reviewed by the independent ethics committees 

or institutional review boards for each participating center. Written informed consent was 

obtained from each patient before study enrollment. 

 

Study treatment 

The study was conducted in two successive steps. In step 1, patients received intravenous 

paclitaxel (200 mg/m2 over 3 hours) followed 60 minutes later by intravenous carboplatin (area 

under the curve of 6 mg/mL/min over 30 minutes) on day 1 of a 21-day cycle. In step 2, 

intravenous bevacizumab (15 mg/kg over 90 minutes) was given 60 minutes after carboplatin. 

During both steps, everolimus was administered orally on a daily (days 1–21) or weekly (days 1, 

8, and 15) schedules. In cycle 1, everolimus dosing began on day 2 to permit serial blood 

sampling for pharmacokinetic evaluation of carboplatin and paclitaxel in the absence of 

everolimus. The starting everolimus doses of everolimus were 5 mg/day and 30 mg/week. 

Within each step and schedule, up to two additional dose levels were planned: 2.5 and 10 mg/day 

and 20 and 50 mg/week. Per clinical guidelines [19, 20], all patients received standard supportive 

antiemetic therapyerapy before study drug administration.  

 

Patients in steps 1 and 2 who completed the core treatment phase (ie, the first 6 treatment cycles) 

or who discontinued chemotherapy early entered the extension phase. During this phase, 

maintenance treatment with everolimus (patients from step 1) or everolimus plus bevacizumab 

(patients from step 2) was continued until disease progression, unacceptable toxicity, or consent 

withdrawal of consent.  
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Study objectives 

The primary study objective was to establish the feasible everolimus doses/regimens of 

everolimus given with carboplatin and paclitaxel (step 1) or carboplatin, paclitaxel, and 

bevacizumab (step 2) based on an evaluation of safety during the core treatment phase. 

Secondary objectives included the determination ofing the relative dose intensities (RDIs) of 

carboplatin, paclitaxel, and bevacizumab relative dose intensities (RDIs); assessment ofing the 

influence of carboplatin and paclitaxel on the everolimus pharmacokinetics of everolimus; and 

determination ofing the best overall tumor response according to the Response Evaluation 

Criteria in Solid Tumors (RECIST), version 1.0 [21]. 

 

Safety assessments included continuous AE collection; weeklyregular monitoring of hematology 

monitoring; and physical examination and assessment of vital signs, body weight, , coagulation, 

blood chemistry, and urinalysis, ande monitoring; and regular assessments of electrocardiograms 

performed every 3 weeks (step 2 only, three-weekly) every 3 weeks, and weekly assessment of 

vital signs, physical condition, body weight, and WHO performance status assessment. AEs were 

assessed according to the Common Terminology Criteria for Adverse Events, version 3.0. 

 

Blood samples for pharmacokinetic assessment of daily everolimus were collected predose and 

0.5, 1, 2, 4, and 24 hours postdose on day 8 of cycle 1 and day 1 of cycle 2; samples for 

assessment of weekly everolimus were collected predose and 0.5, 1, 2, 4, 24, and 168 hours 

postdose. Additional predose samples were collected during cycles 3 through 6. Blood samples 

for carboplatin and paclitaxel pharmacokinetic assessment of carboplatin and paclitaxel 
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pharmacokinetics were collected 24 hours after paclitaxel was administration administered on 

day 1 of cycle 1 (when administeredie, without everolimus) and predose and 24 hours after 

paclitaxel was administration administered on day 1 of cycle 2 (in presence ofie, with 

everolimus). At each time point, 2 mL of venous blood was collected into a tube containing 

sodium heparin or EDTA. Everolimus pharmacokinetic samples were frozen at or below −20°C 

until shipment. Everolimus concentrations in whole blood were determined by a liquid 

chromatography–mass spectrometry method (with a lower limit of quantification [(LLOQ) ], of 

0.3 ng/mL). Carboplatin and paclitaxel Blood samples for carboplatin and paclitaxel assessment 

were centrifuged at 3°C–5°C for 10 minutes at ~1500g; plasma was transferred to polypropylene 

tubes and stored at or below −80°C until analysis. Carboplatin and paclitaxel concentrations 

were measured using validated liquid chromatography–tandem mass spectrometry methods (with 

LLOQ,s of 0.1 µg/mL and 1 ng/mL, respectively). Everolimus pharmacokinetic parameters of 

maximum concentration (Cmax), time to reach Cmax (tmax), trough concentration (Cmin), the area 

under the curve from time 0 to last measurable concentration (AUC0–last), and AUC in the dosing 

interval (AUCtau) were derived by noncompartmental analysis using WinNonlin Version 5.2 

(Pharsight, Mountain View, CA, USA). 

 

Tumor measurements were assessed using chest and upper abdomen computed tomography (CT) 

scans of the chest and upper abdomen performed at baseline and repeated at the end ofafter 

cycles 2, 4, and 6 during the core phase and every 6–8 weeks during the extension phase. 

BrainCranial magnetic resonance imaging or CT was performed at baseline for patients in step 2 

only. Complete or partial responses according to RECIST, version 1.0, required confirmation 



12 

using the same assessment method ≥4 weeks after initial response observation of response was 

initially observed. 

 

Statistical analysis 

No formal sample size calculation was performed. It was anticipated that approximately 30 

patients would be sufficient to complete dose escalation within a given regimen and ensure that 

the desired confidence level of confidence in the end-of-cycle 1 DLT rate and carboplatin, 

paclitaxel, and bevacizumab (step 2 only) RDIs for carboplatin, paclitaxel, and bevacizumab 

(step 2 only) would be reached. 

 

The full analysis set included all patients who received ≥1 dose of any study treatment. The 

safety population included all patients who received ≥1 dose of any of the study treatments and 

had ≥1 postbaseline safety assessment. The dose-determining population included all patients 

from the safety population who met the minimum exposure requirement (≤7 daily or ≤1 weekly 

everolimus dose missed and paclitaxel and bevacizumab RDIs of ≥95% and carboplatin RDI of 

≥80% in cycle 1) or who experienced a DLT at any time during the core phase. The 

pharmacokinetic population included all patients in the safety population who had eligible trough 

samples and pharmacokinetic parameters. The full analysis set included all patients who received 

≥1 dose of any study treatment. 
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Results 

Patients 

Of the 70 patients screened, 52 were enrolled ontoin the study between March 2007 and March 

2009, with 26 patients each allocated to steps 1 and 2; in each step, 13 patients received the daily 

everolimus schedule and 13 received the weekly schedule everolimus (Figure 1). Of the 52 

patients enrolled, 15 completed the core treatment phase and 14 entered the extension phase. AEs 

were the most common reason for discontinuation during the core phase (n=20). 

 

In the total study population, 61.5% of patients were aged <65 years, 48.1% were women, 86.5% 

had stage IV disease, 80.8% were current or former smokers, and 63.5% had a WHO 

performance status of 1 (Table 2). Within steps 1 and 2, baseline demographics were broadly 

comparable across the treatment schedules. However, iImbalances were noted between steps 1 

and 2. In step 1, the majority of patients were men (57.7%), whereas women made upwere the 

majority in step 2 (53.8%). More patients in step 2 were aged <65 years (69.2% vs 53.8% in step 

1). Although the majority of patients in both steps were aged <65 years, the proportion of such 

patients was greater in step 2 than in step 1 (69.2% vs 53.8%).  

 

Dose-limiting toxicities 

In the dose-determining population (n=47), the percentage of patients who experienced a DLT 

during any cycle was 68.0% for step 1 and 81.8% for step 2 (Table 3). Cycle 1 DLTs were 

observed in 2 patients (16.7%) and 4 patients (30.8%) patients in the step 1 daily and weekly 

schedules of step 1, respectively. In step 2, cycle 1 DLTs were observed in 3 patients (30.0%) in 

the daily schedule and 2 patients (16.7%) patients in the daily and of patients in the weekly 
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schedules, respectively. Neutropenia was the most common DLT observed, with the highest 

incidence in the step 2 daily schedule of step 2. The other DLTs observed throughout the study 

were bacterial sepsis, dehydration, fatigue, febrile neutropenia, lower respiratory tract infection, 

peripheral neuropathy, thrombocytopenia, and urosepsis in the step 1 daily schedule of step 1; 

cellulitis, febrile neutropenia, hypophosphatemia, myalgia, pulmonary embolism, pneumonia, 

pneumonitis, and thrombocytopenia in the step 1 weekly schedule of step 1; anal abscess, colitis, 

diarrhea, febrile neutropenia, gastroenteritis, hypokalemia, and increased aspartate 

aminotransferase in the step 2 daily schedule of step 2; and colitis, fatigue, peripheral 

neuropathy, pneumothorax, and thrombocytopenia in the step 2 weekly schedule of step 2.  

 

After four decision-making points in step 1, with 13 patients enrolled in each of the daily and 

weekly treatment schedules, everolimus 5 mg/day and 30 mg/week was were declared asthe to 

be the feasible daily doses and 30 mg/week asthe feasible weekly schedule. Based on these 

outcomes, step 1 enrollment was considered complete and step 2 enrollment was sequentially 

initiated at everolimus 5 mg/day and 30 mg/week. After two decision-making points in step 2, 

with 7 patients enrolled in each schedule, the Bayesian model suggested escalating the 

everolimus doses to 10 mg/day and 50 mg/week. However, it was decided that everolimus 

dosing was would not be increased due to toxicity concerns (increased DLTs in later cycles and 

hematologic toxicity), and recruitment continued at 5 mg/day and 30 mg/week until 13 patients 

were enrolled in each schedule. EThe end-of-cycle 1 DLT posterior probability rates based on 

the Bayesian model are summarized in Table 3. 
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Adverse events 

All patients reported ≥1 AE (Table 4). Neutropenia was the most frequently reported AE and 

occurred at a similar rates in all treatment arms (84.6% in the daily schedules of steps 1 and 2 

and 76.9% in the weekly schedules of steps 1 and 2). Additional AEs reported in >50% of 

patients in either treatment arm of step 1 were anemia, leukopenia, thrombocytopenia, fatigue, 

and alopecia and in step 2, fatigue, nausea, epistaxis, thrombocytopenia, anemia, and alopecia. 

Most patients (90.4%) also experienced a grade 3/4 AEs, most frequently neutropenia (73.1%) 

and leukopenia (42.3%) (Table 4). IThe incidence of grade 3/4 AEs was generally similar across 

treatment arms. Serious AEs were experienced by 55.8% of patients (Table 4). Interestingly, 

nNoninfectious pneumonitis of grade ≥3 or higher was not identified as a major nonhematologic 

toxicity in any schedule or step of the trial. No deaths were reported during study treatment or 

within in the 28 days thereafter. 

 

Overall, more patients in step 2 experienced AEs leading to treatment discontinuation (53.8% vs 

34.6% in step 1), with the highest incidence observed in the step 2 weekly schedule of step 2 

(69.2%) (Table 4). Specific AEs that led to treatment discontinuation in ≥2 patients were 

peripheral neuropathy (n=5) and neutropenia and thrombocytopenia (n=2 each).  

 

Exposure and relative dose intensity 

The duration of exposure to study treatment during the core treatment phase is summarized in 

Table 5. In step 1, the median duration of exposure to combination therapy was 13.43 weeks in 

the daily schedule and 9.29 weeks in the weekly schedule (Table 5). In step 2, the median 

duration of exposure was similar (, 16.43 and 13.29 weeks in the daily schedule and 13.29 weeks 
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in theand weekly schedules, respectively). Among the 8 eight patients enteringwho entered the 

step 1 extension phase of step 1 (ie, received everolimus alone), the median duration of 

everolimus exposure was 7 weeks. In step 2, four patients entered the extension phase and 

received everolimus and bevacizumab;, and an additional two patients received everolimus 

alone. Among these patients, the median duration of exposure was 18 weeks. 

 

In step 1, the carboplatin and paclitaxel RDIs for carboplatin and paclitaxel were similar in the 

daily and weekly schedules (Table 5). In step 2, the carboplatin, paclitaxel, and bevacizumab 

RDIs for carboplatin, paclitaxel, and bevacizumab were higher in the weekly than the daily 

schedule (Table 5). Regardless of the step or schedule, the majority of patients had an RDI that 

fell within the 0.70 to <1.10 range (data not shown). 

  

Pharmacokinetics 

In the step 1 daily schedule of step 1, the parameter estimates for everolimus AUC0–last, AUCtau, 

and Cmax estimates suggested a trend towards a greater than dose-proportional increase when 

everolimus was administered with carboplatin and paclitaxel (Table 6). In the step 2daily 

schedule of step 2, the estimates for everolimus AUC0–last and AUCtau estimates suggested a less 

than dose-proportional increase when everolimus was administered with carboplatin, paclitaxel, 

and bevacizumab, whereas a greater than dose-proportional increase for Cmax was suggested 

(Table 6). However, fFor both steps 1 and 2, the 90% confidence intervals associated with beta 

were wide and crossed unity, suggesting a large variability in the model estimates. Similar results 

were obtained for steps 1 and 2 of the weekly everolimus schedule (data not shown). 
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Carboplatin plus paclitaxel did not influence the AUC0–last, AUCtau, or Cmax of the daily or 

weekly everolimus schedules ofin step 1 (data not shown). In step 2, minor decreases in 

everolimus AUC0–last, AUCtau, and Cmax were noted in the daily schedule when everolimus was 

given in combination with carboplatin, paclitaxel, and bevacizumab compared with being given 

alone; however, in the weekly schedule, the carboplatin/paclitaxel/bevacizumab combination did 

not appear to influence these pharmacokinetic parameters (data not shown).  

 

Efficacy 

The most frequent best overall response across treatment arms was stable disease (Table 7). One 

patient in step 2 treated with the daily schedule achieved a complete response. Two patients in 

each daily schedule and three patients in each weekly schedule achieved a partial response. 

Overall, oObjective response rates (percentage of patients with complete or partial response) 

were 15.4% for the step 1 daily schedule and 23.1% for the remaining 3 schedules. DThe disease 

control rate (percentage of patients with complete or partial response or stable disease) was 

61.5% and 69.2% in the daily schedules and 69.2% inand the weekly schedules, respectively. 

Median progression-free survival (PFS) ranged from 5.1 months (95% CI, 1.6–8.4 months) in the 

step 1 daily schedule of step 1 to 9.0 months (95% CI, 2.7–10.2 months) in the step 2 weekly 

schedule of step 2 (Table 7). 

 

 

 

Discussion 

Based on the need to improve outcomes in advanced NSCLC and preclinical and clinical 

evidence suggesting the benefits of for adding everolimus to cytotoxic chemotherapy, the present 
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studyclinical trial was conducted to identify feasible everolimus doses of everolimus given 

combined within combination with carboplatin plus paclitaxel ±+/- with or without bevacizumab 

in patients with previously untreated advanced and metastatic NSCLC. (At the time ofthis 

trialstudy  was designed, carboplatin plus paclitaxel ±+/- with or without bevacizumab was a 

standard chemotherapy regimen). Based on the probability of the end-of-cycle 1 DLT rate falling 

within the targeted toxicity interval (ie, the primary study endpoint), everolimus 5 mg/day and 30 

mg/week were identified as the feasible doses of everolimus doses plus carboplatin and 

paclitaxel +/-with or without bevacizumab in advanced NSCLC. However, given that 74% of 

patients experienced ≥1 DLT at any cycle, 44% of patients discontinued treatment due to AEs, 

and 56% of patients experienced ≥1 serious AE, this regimen may not be appropriate for long-

term administrationuse.   

 

The model-derived end-of-cycle 1 DLT rate was similar across steps 1 and 2, whereas the DLT 

rate across all cycles was higher in step 2. FAt the end of the study, the final data at study end 

showed that when given with the combination of carboplatin, paclitaxel, and bevacizumab, 

everolimus 5 mg/day (as opposed to 2.5 or 10 mg/day) maximized the chance of being within the 

targeted toxicity interval while reducingmaintaining the risk of excessive and unacceptable 

toxicity (59% chance that end-of-cycle 1 DLT rate would be within the targeted toxicity interval 

and 14% chance that it would be within the excessive/unacceptable toxicity range). Based on 

these results, everolimus 5 mg/day was considered to be the feasible daily dose. Considering the 

weekly schedulingdosinge, the final data showed that everolimus 30 mg/week  when given 

combinedin combination with carboplatin, paclitaxel, and bevacizumab was associated with a 

29% chance that the end-of-cycle 1 DLT rate would be within the targeted toxicity interval and a 
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1% chance that it would be within the excessive/unacceptable toxicity interval. Although the 

final model showed that everolimus 50 mg/week provided the greatest chance that the end-of-

cycle 1 DLT rate was within the targeted toxicity interval (44% vs 8% for 20 mg/week and 29% 

for 30 mg/week), the risk of excessive or unacceptable toxicity with 50 mg/week was considered 

unacceptable (27%). Therefore, everolimus 30 mg/week was considered to be the feasible 

weekly dose. The observed carboplatin, paclitaxel, and bevacizumab RDIs for carboplatin, 

paclitaxel, and bevacizumab suggest that everolimus 5 mg/day and 30 mg/week allow patients in 

both the receiving both daily and weekly treatment schedules to achieve adequate drug exposure 

to these drugs. Given the small sample size, it is not possible to concludedifficult to make 

meaningful conclusions regarding which of the two schedules shouldwould be preferred. 

 

There were no unexpected safety signals observed when adding everolimus  was added to 

standard carboplatin and paclitaxel  therapy ±+/- or carboplatin, paclitaxel, and bevacizumab 

therapy. All patients experienced ≥1 AE, and 90.4% experienced ≥1 grade 3/4 abnormality, most 

commonly neutropenia. The overall incidence of grade 3/4 abnormalities was comparable across 

steps 1 and 2. Very few grade 3/4 biochemistry abnormalities were reported. Interestingly, the 

AE profile observed in this study was not generally consistent with the known everolimus safety 

profile. Many of the AEs frequently associated with everolimus, including noninfectious 

pneumonitis, hypersensitivity, hyperglycemia, and increased creatinine, were reported in 

frequentlyvery few patients,  and while stomatitis, hypophosphatemia, lymphopenia, and 

dyslipidemic events were reported among the study population, they were reported only 

occasionallyalso infrequent and were mostly of grade 1/ or 2 severity. No wound-healing 

complications were noted. Overall, the AEs observed in this study were broadly consistent with 
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the Eastern Cooperative Oncology Group 4599 study of carboplatin plus paclitaxel ±+/- with or 

without bevacizumab as first-line treatment of advanced NSCLC [17], albeit with an increased in 

the frequency and severity of reported AEs. This may be related observation is likely due to the 

overlapping toxicity profiles of carboplatin, paclitaxel, bevacizumab, and everolimus, and which 

may limit the ability to combine of these drugs to be given incombined combination. 

 

A dose-escalation study of everolimus monotherapy performed in patients with advanced solid 

tumors indicated that everolimus 10 mg/day and 50 mg/week resulted in maximummal inhibition 

of two downstream effectors of mTOR signaling, ribosomal protein S6 kinase 1 (S6K1) and 

eukaryotic initiation factor 4G (eIF-4G) [22]. EIn this study, everolimus 5 mg/day demonstrated 

near complete inhibition of S6K1 phosphorylation (pS6) and partial inhibition of eIF-4G 

phosphorylation (peIF-4G), whereas pS6 and peIF-4G were almost completely blocked with 

everolimus 10 mg/day [22]. A sSimilar inhibition profile was also seen with weekly dosing, 

where pS6 inhibition was almost complete at 20 mg/week, but sustained peIF-4G inhibition of 

peIF-4G was only apparent at doses ≥50 mg/week [22]. Thus, escalation beyond everolimus 10 

mg/day and 50 mg/week may only risk emergence of additional toxicities without any further 

effective inhibition of the mTOR pathway inhibition. Subsequent dose-finding studies of 

everolimus monotherapy conducted in patients withfor advanced solid tumors [23–25] have 

shown everolimus 5–10 mg/day or 20–50 mg/week to be well tolerated with modest clinical 

activity. In the present study of everolimus in combination with carboplatin and paclitaxel ±+/- 

with or without bevacizumab in patients with advanced, metastatic NSCLC, it is notable that the 

feasible everolimus monotherapy dose (10 mg/day) dose previously identified as feasible forin 

monotherapy studies [23–25] was not evaluated due to toxicity concerns and that everolimus 5 
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mg/day was declared to be the feasible dose. Similarly, although everolimus 50 mg/week was 

identified as the feasiblee dose for everolimus monotherapy dose [22], 30 mg/week was 

identified as the feasible dose in the this present study due to the cumulative toxicity conferred 

by carboplatin and paclitaxel ±+/-with or without bevacizumab. The identification of lower 

everolimus doses of everolimus when combining itgiven withused in combination with other 

anticancer agents is consistent with findings offindings fromof  other studies of combination 

therapy studies in NSCLC [15, 26, 27] and other solid tumors [28, 29]. 

 

PThe pharmacokinetic evaluations performed in ourthisthis study showed a trend indicating a 

greater than dose-proportional increase in everolimus exposure when everolimus is co-

administering iteded with the carboplatin and paclitaxel and a less than dose-proportional 

increase when everolimus is administereded it in combination with carboplatin, paclitaxel, and 

bevacizumab. HUltimately, however, the wide confidence intervals associated with the observed 

estimates of dose proportionality estimates allow no final conclusionspreclude firm 

conclusionsprecluded the analysis from being conclusive. Concomitant administration of 

everolimus with both regimencarboplatin and paclitaxel or carboplatin, paclitaxel, and 

bevacizumab did not appear to noticeably influence everolimus pharmacokinetics.  

 

DAlthough it is difficult to draw any efficacy conclusions from this study due to the small 

sample size in this study, no valid efficacy conclusions can be drawn for efficacy of related to 

adding everolimus 5 mg/day and 30 mg/week appeared to show modest efficacy when added to 

standard carboplatin and paclitaxel ±+/-with or without bevacizumab can be drawn.  At tThese 

doses and , the treatment schedules resulted in a disease control rate of 61.5%–69.2% and a 
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median PFS progression-free survival of 5.1–9.0 months in this molecularly unselected patient 

population. MA more robust evaluation of efficacy in a specifically selected or and, ideally, 

molecularly  well-defined patient populations would be necessary to investigateestablish whether 

everolimus could improves the therapeutic index of standard therapy with carboplatin and 

paclitaxel ±+/-with or without bevacizumab in these subsets.  

 

In conclusion, bBIn conclusion and as based on the primary study endpoint of the end-of-cycle 1 

DLT rate, the feasible everolimus doses of everolimus when given with carboplatin and 

paclitaxel ±+/-  with or without bevacizumab were 5 mg/day and 30 mg/week. These doses were 

not very well tolerated due to overlapping toxicitiesy, with cytopenias, including neutropenia, the 

most common AEs clinically notable onesAEs observed. Both the daily and weekly everolimus 

doses permitted adequate RDIs of carboplatin, paclitaxel, and bevacizumab, and the 

administration of carboplatin and paclitaxel +/-with or without bevacizumab had no impact on 

the pharmacokinetics of everolimus. At the identified feasible doses of everolimus, both the daily 

and weekly schedules appeared to show modest efficacy. BAlthough efficacy was modest in this 

unselected NSCLC population, based on the known efficacy of everolimus monotherapy in 

pancreatic neuroendocrine tumors [30], a prospective phase II evaluation study of everolimus in 

combination withplus carboplatin and paclitaxel as first-line therapy for stage IV large cell lung 

carcinomancer with neuroendocrine differentiation is currently ongoingrecruiting patients 

(ClinicalTrials.gov identifier NCT01317615). 
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Figure Legend 

 

Figure 1. Patient disposition. a13 of 14 patients who entered the extension phase discontinued it 

due to disease progression. One patient discontinued due to elevated carcinoembryonic antigen. 
b1 patient entered the extension phase having previously discontinued the core stage due to an 

AE. AE, adverse event; CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and 

bevacizumab; DP, disease progression. 

 

Table 1. Summary of Adverse Events that Met the Definition of a Dose-Limiting Toxicity 

Adverse Event Criteria 

Febrile neutropenia (defined as ANC < 1 x 109/L and 

fever ≥38.5°C) 

Of any duration 

Grade 4 thrombocytopenia Of any duration 

Grade 3 or 4 neutropenia (non-febrile) Taking >7 days to resolve to grade ≤1 or 

recurring within the same cycle 

Grade 3 thrombocytopenia Taking >7 days to resolve to grade ≤1 or 

recurring within the same cycle 

Any grade 4 nonhematologic event (except 

hyperlipidemia and hyperglycemia) despite 

appropriate prophylactic treatment 

Of any duration 

Any grade 3 nonhematologic event (except 

hyperlipidemia, hyperglycemia, and pneumonitis), 

grade 2 pneumonitis, or other intolerable grade 2 

event despite appropriate prophylactic treatment 

Taking >7 days to resolve to grade ≤1 or 

recurring within the same cycle 

Grade 3 pneumonitis Of any duration 

ANC, absolute neutrophil count. 
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Table 2. Patient Demographics, Baseline Characteristics and Disease History (Full Analysis Set) 

 Step 1 Step 2 

Everolimus          

(5 mg/day) + 

CP 

n=13 

Everolimus     

(30 mg/wk) + 

CP 

n=13 

Everolimus         

(5 mg/day) + 

CPB 

n=13 

Everolimus          

(30 mg/wk) + 

CPB 

n=13 

Sex, n (%)     

Female 5 (38.5) 6 (46.2) 8 (61.5) 6 (46.2) 

Male 8 (61.5) 7 (53.8) 5 (38.5) 7 (53.8) 

Age     

<65 years, n (%) 8 (61.5) 6 (46.2) 10 (76.9) 8 (61.5) 

≥65 years, n (%) 5 (38.5) 7 (53.8) 3 (23.1) 5 (38.5) 

Mean (SD), years 58.2 (11.13) 62.2 (13.33) 58.4 (8.51) 58.2 (13.13) 

WHO PS, n (%)     

0 4 (30.8) 3 (23.1) 7 (53.8) 5 (38.5) 

1 9 (69.2) 10 (76.9) 6 (46.2) 8 (61.5) 

Stage, n (%)      

IIIB 2 (15.4) 3 (23.1) 1 (7.7) 1 (7.7) 

IV 11 (84.6) 10 (76.9) 12 (92.3) 12 (92.3) 

Histology, n (%)     

Adenocarcinoma 9 (69.2) 7 (53.8) 10 (76.9) 13 (100.0) 

Time since diagnosis, n 

(%) 
    

≤6 months 9 (69.2) 12 (92.3) 13 (100) 12 (92.3) 

>24 months 4 (30.8) 1 (7.7) 0 1 (7.7) 

Smoking history     

Ever, n (%) 10 (76.9) 12 (92.3) 10 (76.9) 10 (76.9) 

Current, n (%) 7 (53.8) 5 (38.5) 6 (46.2) 9 (69.2) 

Never, n (%) 3 (23.1) 1 (7.7) 3 (23.1) 3 (23.1) 

Mean (SD) pack 

yearsa 
19.6 (12.28) 43.9 (35.03) 31.9 (25.86) 27.7 (19.58) 
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 Step 1 Step 2 

Previous therapy,b n (%)     

Radiotherapy 6 (46.2) 3 (23.1) 2 (15.4) 0 

Surgery 8 (61.5) 4 (30.8) 5 (38.5) 4 (30.8) 

Adjuvant 

chemotherapy 
1 (7.7) 2 (15.4) 0 1 (7.7) 

aAmong current cigarette smokers (n=7 for daily everolimus + CP, 5 for weekly everolimus + 

CP, 6 for daily everolimus + CPB, and 8 for weekly everolimus + CPB). 
bNo patients received previous hormonal, immuno-, or targeted therapy. 

CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and bevacizumab; PS, performance 

status; SD, standard deviation; WHO, World Health Organization. 
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Table 3. Dose-Limiting Toxicities (Dose-Determining Population) 

 Step 1 Step 2 

Everolimus  

(5 mg/day) +  

CP 

n=12 

Everolimus   

(30 mg/wk) + 

CP 

n=13 

Everolimus     

(5 mg/day) + 

CPB 

n=10 

Everolimus  

(30 mg/wk) + 

CPB 

n=12 

≥1 DLT at any cycle, n (%) 8 (66.7) 9 (69.2) 9 (90.0) 9 (75.0) 

Total DLTs, n 22 16 22 11 

≥1 DLT by cycle, n/N (%)a     

Cycle 1 2/12 (16.7)b 4/13 (30.8)c 3/10 (30.0)d 2/12 (16.7)e 

Cycle 2 5/12 (41.7) 1/11 (9.1) 3/10 (30.0) 1/11 (9.1) 

Cycle 3 2/8 (25.0) 4/9 (44.4) 3/9 (33.3) 1/11 (9.1) 

Cycle 4 2/7 (28.6) 2/6 (33.3) 4/8 (50.0) 5/8 (62.5) 

Cycle 5 3/6 (50.0) 1/6 (16.7) 2/7 (28.6) 2/4 (50.0) 

Cycle 6 1/3 (33.3) 1/6 (16.7) 2/5 (40.0) 0/2 

Posterior end-of-cycle 1 DLT rate, mean (SD) 0.21 (0.074) 0.22 (0.072) 0.26 (0.083) 0.17 (0.062) 

Probability of underdosing [0%–20%) 0.474 0.410 0.275 0.705 

Probability of targeted toxicity [20%–35%) 0.475 0.537 0.586 0.289 

Probability of excessive toxicity [35%–60%) 0.051 0.054 0.139 0.006 

Probability of unacceptable toxicity [60%–100%] 0.000 0.000 0.000 0.000 
aNumber of patients with DLT divided by number of patients exposed to treatment during each cycle. 
bBoth patients experienced grade 3 neutropenia. 
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cGrade 4 pulmonary embolism (n=1), grade 3 neutropenia and grade 4 myalgia (n=1), grade 3 neutropenia (n=1), grade 4 cellulitis, 

grade 4 febrile neutropenia, and grade 4 thrombocytopenia (n=1). 
dGrade 3 anal abscess (n=1), grade 3 neutropenia (n=1), and grade 4 neutropenia and grade 3 diarrhea (n=1). 
eGrade 4 neutropenia (n=1) and grade 3 thrombocytopenia (n=1).  

CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and bevacizumab; DLT, dose-limiting toxicity; SD, standard deviation. 
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Table 4. Adverse Events Experienced During the Core Treatment Phase (Safety Population) 

 Step 1 Step 2 

Everolimus  

(5 mg/day) + 

CP 

n=13 

Everolimus  

(30 mg/wk) + 

CP 

n=13 

Everolimus  

(5 mg/day) + 

CPB 

n=13 

Everolimus  

(30 mg/wk) + 

CPB 

n=13 

Any AE, n (%) 13 (100.0) 13 (100.0) 13 (100.0) 13 (100.0) 

Any grade 3/4 AE, n (%) 12 (92.3) 11 (84.6) 12 (92.3) 12 (92.3) 

Any serious AE, n (%) 6 (46.2) 9 (69.2) 7 (53.8) 7 (53.8) 

Any AE leading to 

discontinuation, n (%) 
6 (46.2) 3 (23.1) 5 (38.5) 9 (69.2) 

AEs of any grade that occurred in >30% of the overall safety population, n (%) 

Neutropenia 11 (84.6) 10 (76.9) 11 (84.6) 10 (76.9) 

Fatigue 4 (30.8) 7 (53.8) 9 (69.2) 9 (69.2) 

Anemia 9 (69.2) 7 (53.8) 3 (23.1) 7 (53.8) 

Thrombocytopenia 7 (53.8) 5 (38.5) 7 (53.8) 7 (53.8) 

Leukopenia 9 (69.2) 6 (46.2) 6 (46.2) 4 (30.8) 

Nausea 5 (38.5) 5 (38.5) 5 (38.5) 10 (76.9) 

Alopecia 7 (53.8) 4 (30.8) 3 (23.1) 7 (53.8) 

Stomatitis 6 (46.2) 4 (30.8) 4 (30.8) 4 (30.8) 

Diarrhea 3 (23.1) 4 (30.8) 5 (38.5) 5 (38.5) 

Epistaxis 2 (15.4) 0 6 (46.2) 9 (69.2) 

Constipation 4 (30.8) 4 (30.8) 4 (30.8) 4 (30.8) 

Peripheral neuropathy  5 (38.5) 5 (38.5) 2 (15.4) 4 (30.8) 

Pain in extremity 2 (15.4) 5 (38.5) 4 (30.8) 5 (38.5) 

Grade 3/4 AEs that occurred in >10% of patients in any dose schedule, n (%) 

Neutropenia 11 (84.6) 7 (53.8) 10 (76.9) 10 (76.9) 

Leukopenia 8 (61.5) 6 (46.2) 6 (46.2) 2 (15.4) 

Thrombocytopenia 4 (30.8) 1 (7.7) 4 (30.8) 3 (23.1) 
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 Step 1 Step 2 

Lymphopenia 1 (7.7) 2 (15.4) 5 (38.5) 2 (15.4) 

Fatigue 1 (7.7) 4 (30.8) 1 (7.7) 1 (7.7) 

Hypokalemia 2 (15.4) 2 (15.4) 3 (23.1) 0 

Anemia 2 (15.4) 1 (7.7) 2 (15.4) 1 (7.7) 

Febrile neutropenia 2 (15.4) 2 (15.4) 1 (7.7) 0 

Diarrhea 0 1 (7.7) 2 (15.4) 1 (7.7) 

Peripheral neuropathy 2 (15.4) 0 0 2 (15.4) 

Dyspnea 0 0 0 3 (23.1) 

Hypophosphatemia 1 (7.7) 2 (15.4) 0 0 

Hypocalcemia 3 (23.1) 0 0 0 

Pneumonia 1 (7.7) 2 (15.4) 0 0 

Serious AEs that occurred in >10% of patients in any dose schedule, n (%) 

Febrile neutropenia 2 (15.4) 2 (15.4) 1 (7.7) 0 

Leukopenia 0 2 (15.4) 1 (7.7) 1 (7.7) 

Pneumonia 1 (7.7) 3 (23.1) 0 0 

Pyrexia 0 4 (30.8) 0 0 

Neutropenia 1 (7.7) 2 (15.4) 0 0 

Lower respiratory tract 

infection 
2 (15.4) 0 0 0 

AEs of any grade, grade 3/4 AEs, and serious AEs are listed by preferred term in order of 

decreasing incidence over all treatment arms. 

AE, adverse event; CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and 

bevacizumab. 
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Table 5. Duration of Exposure and Relative Dose Intensity During the Core Treatment Phase (Safety Population) 

 Step 1 Step 2 

Everolimus  

(5 mg/day) + CP 

n=13 

Everolimus  

(30 mg/wk) + CP 

n=13 

Everolimus  

(5 mg/day) + CPB 

n=13 

Everolimus  

(30 mg/wk) + CPB 

n=13 

Duration of exposure, weeks, mean (SD) / median (range) 

Everolimus 12.1 (5.89) 

11.86 (3.1–21.1) 

11.8 (7.60)  

8.86 (1.9–20.9) 

13.9 (6.56)  

16.14 (0.1–21.0) 

11.1 (5.78)  

10.14 (1.0–19.3) 

Carboplatin 12.7 (5.67)  

13.43 (3.0–21.0) 

12.5 (7.26)  

9.29 (3.0–20.9) 

12.2 (5.87)  

13.00 (3.0–21.0) 

13.3 (5.06)  

13.29 (3.0–20.4) 

Paclitaxel 13.0 (5.28)  

13.43 (6.0–21.0) 

12.0 (6.86)  

9.29 (3.0–20.9) 

12.2 (5.87)  

13.00 (3.0–21.0) 

13.3 (5.08)  

13.29 (3.0–20.4) 

Bevacizumab NA NA 13.0 (6.34)  

14.00 (3.0–21.0) 

13.0 (4.8)  

13.29 (3.0–20.4) 

Any 13.0 (5.31)  

13.43 (6.0–21.3) 

12.8 (7.08)  

9.29 (3.0–21.0) 

14.1 (6.65)  

16.43 (3.0–21.1) 

13.3 (5.08)  

13.29 (3.0–20.4) 

Relative dose intensity, mean (SD) / median (range) 

Everolimus 0.71 (0.193)  

0.745 (0.33–1.00) 

0.72 (0.168)  

0.750 (0.28–1.00) 

0.65 (0.351)  

0.691 (0.00–1.00) 

0.73 (0.243)  

0.750 (0.07–1.00) 

Carboplatin 0.85 (0.147)  

0.878 (0.48–1.02) 

0.87 (0.107)  

0.893 (0.63–1.00) 

0.84 (0.205)  

0.863 (0.39–1.09) 

0.92 (0.160)  

0.898 (0.66–1.26) 

Paclitaxel 0.87 (0.133)  0.88 (0.134)  0.84 (0.196)  0.92 (0.093)  
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0.898 (0.52–1.00) 0.908 (0.57–1.00) 0.923 (0.51–1.01) 0.938 (0.69–1.01) 

Bevacizumab NA NA 0.89 (0.161)  

0.958 (0.55–1.01) 

0.92 (0.141)  

0.975 (0.53–1.01) 

CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and bevacizumab; NA, not applicable; SD, standard deviation. 
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Table 6. Statistical Analysis of Dose Proportionality for the Daily Schedule of Everolimus 

(Safety Population) 

 Estimate of Betaa 90% Confidence Interval 

Step 1: Everolimus + CP   

AUC0–last (ng•hr/mL) 1.66 −0.175 to 3.503 

AUCtau (ng•hr/mL) 1.72 −0.170 to 3.606 

Cmax (ng/mL) 1.21 −1.112 to 3.531 

Step 2: Everolimus + CPB   

AUC0–last (ng•hr/mL) 0.73 0.421 to 1.033 

AUCtau (ng•hr/mL) 0.72 0.407 to 1.035 

Cmax (ng/mL) 1.48 0.559 to 2.404 

The log-transformed parameters were modeled by means of a power model of log-dose by 

treatment, regimen, and schedule. Samples with zero actual dose (ie, treatment interrupted or 

discontinued) were excluded. 
aBeta = 1 when the exposure change is exactly dose proportional. 

AUC0–last, area under the concentration–time curve from time 0 to the last measurable 

concentration sampling time; AUCtau, area under the concentration–time curve over the 

dosing interval; Cmax, maximum blood concentration; CP, carboplatin and paclitaxel; CPB, 

carboplatin, paclitaxel, and bevacizumab. 
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Table 7. Efficacy Outcomes (Full Analysis Set) 

 Step 1 Step 2 

Everolimus  

(5 mg/day) + 

CP 

n=13 

Everolimus  

(30 mg/wk) + 

CP 

n=13 

Everolimus  

(5 mg/day) + 

CPB 

n=13 

Everolimus  

(30 mg/wk) + 

CPB 

n=13 

Best overall response, 

n (%) 
    

Complete response 0 0 1 (7.7) 0 

Partial response 2 (15.4) 3 (23.1) 2 (15.4) 3 (23.1) 

Stable disease 6 (46.2) 6 (46.2) 5 (38.5) 6 (46.2) 

Progressive 

disease 
3 (23.1) 3 (23.1) 2 (15.4) 1 (7.7) 

Unknown 2 (15.4) 1 (7.7) 3 (23.1) 3 (23.1) 

Objective response 

rate,a n (%) 
2 (15.4) 3 (23.1) 3 (23.1) 3 (23.1) 

Disease control rate,b 

n (%) 
8 (61.5) 9 (69.2) 8 (61.5) 9 (69.2) 

Median PFS (95% 

CI), months 
5.1 (1.6–8.4) 6.0 (1.4–6.2) 5.2 (1.9–NR) 9.0 (2.7–10.2) 

aPercentage of patients with a complete or partial response. 
bPercentage of patients with a complete or partial response or stable disease. 

CI, confidence interval; CP, carboplatin and paclitaxel; CPB, carboplatin, paclitaxel, and 

bevacizumab; PFS, progression-free survival; NR, not reached. 
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