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Abstract 
Introduction: Cisplatin/pemetrexed (CP) and carboplatin/paclitaxel/bevacizumab (CbTB) are standard first-line treatments for patients with advanced non-squamous non-small-cell lung cancer (NS-NSCLC). Quality of life (QoL) is a key objective in the management of advanced NSCLC. Thus, impact on QoL could be an additional factor in the choice of treatment.
Methods: Patients with untreated stage IIIB/IV NS-NSCLC and ECOG performance status 0/1 were randomized to receive first-line chemotherapy with cisplatin 75 mg/m2 and pemetrexed 500 mg/m2, every 3 weeks, for 6 cycles followed by maintenance pemetrexed; or carboplatin AUC 6, paclitaxel 200 mg/m2 and bevacizumab 15 mg/kg, every 3 weeks, for 6 cycles followed by maintenance bevacizumab. The primary endpoint was the difference in QoL between the two treatment arms after 12 weeks of maintenance, measured by the EQ-5D Index (EQ5D-I) and EQ5D-visual analog scale (VAS). 
Results: 118 patients were randomized to CP (n = 60) or CbTB (n = 58). Baseline characteristics were well balanced. The proportion of patients evaluable for the primary endpoint was lower than planned. After 12 weeks of maintenance, the difference between mean changes in EQ5D-I was 0.137 favoring CP (95% CI -0.02 to 0.29, Wilcoxon p = 0.078), although not statistically significant; while the difference between mean changes in EQ5D-VAS was 0.97 (95% CI -9.37 to 11.31, Wilcoxon p = 0.41).  
Conclusions: Although the study is under-powered due to a small number of patients evaluable for the primary endpoint, QoL did not differ between treatment arms. Other factors such as comorbidities and schedule should be used when deciding upon first-line treatment.
(EudraCT study number 2009-015807-19 and ClinicalTrials.gov Identifier NCT01303926).

Microabstract
Cisplatin/pemetrexed followed by maintenance pemetrexed and carboplatin/paclitaxel/bevacizumab (CbTP) followed by maintenance bevacizumab, standard first-line therapy for advanced non-squamous NSCLC, were compared. QoL at 12 weeks of maintenance, measured by the EQ-5D Index and EQ5D-visual analog scale, was the primary endpoint. QoL did not differ between these regimens. Comorbidities and other factors should help in deciding first-line treatment.
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1. Introduction 
Non-squamous non-small cell lung cancer (NS-NSCLC) comprises the majority of  lung cancer. As most patients have metastatic disease at the time of diagnosis, a palliative treatment with platinum based chemotherapy is considered the standard of care for patients without EGFR mutations, with the main endpoint being improvement of survival and quality of life (QoL).1
Two regimens are widely used for the management of advanced NS-NSCLC: carboplatin, paclitaxel and bevacizumab (CbTB)2 and cisplatin and pemetrexed (CP).3 Therefore, patients treated with both these common regimens can receive a maintenance phase after the platinum-based induction. Like in the pivotal trial demonstrating its efficacy, bevacizumab is continued until progression in patients treated with CbTB2. In patients without progression after cisplatin plus pemetrexed, the latter drug can be administered as continuation maintenance until progression , because this strategy has shown to further improve outcomes in advanced NS-NSCLC patients.4  
Symptom palliation and QoL are key goals in the treatment of patients with advanced NSCLC. EQ-5D, consisting of a 5-domain list and a visual analogue scale (VAS), is a standardized health-related QoL questionnaire developed by the EuroQol Group to provide a simple, generic measure of health for clinical and economic appraisal.5-7 EQ-5D is an indirect measure of utility for health that generates an index-based summary score based on societal preference weights.8
Although no direct comparisons of CP followed by maintenance pemetrexed versus CbTB followed by maintenance bevacizumab are available, the efficacy of the two regimens in patients with advanced NS-NSCLC is expected to be similar. Thus, the impact on QoL of each of the regimens could be a potentially relevant factor in making a treatment choice.
ERACLE is a phase III, multicenter, randomized, parallel arm trial comparing CP followed by maintenance pemetrexed versus CbTB followed by maintenance bevacizumab, with the evaluation of QoL by EQ-5D as the primary endpoint. Study aim was to detect, if existing, a clinically interesting difference in QoL between the two treatment arms. 

2. Material and Methods
2.1 Study population
All patients had chemotherapy-naive stage IIIB/IV histologically or cytologically proven NS-NSCLC.9 Inclusion required: Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-1; age 18-70; measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST version 1.1)10 that had not been previously irradiated; a life expectancy longer than 12 weeks; adequate bone marrow, renal and hepatic functions; and coagulation parameters with INR < 1.5 and PTT < 1.5 x upper normal laboratory range.
Exclusion criteria included: mixed NSCLC tumors with a predominant squamous component histotype; activating epidermal growth factor receptor (EGFR) mutations; history of gross hemoptysis; tumor invading or abutting major blood vessels; brain metastases not previously treated with radiotherapy; prior neoadjuvant or adjuvant chemotherapy within 6 months before study enrollment; history of cardiac disease; clinically significant third-space fluid collections; the use of  aspirin (> 325 mg/d), clopidogrel (> 75 mg/d), dipyramidole, ticlopidine, or cliostazol within 10 days of enrollment; uncontrolled hypertension; history of thrombotic disorders; patients with other currently active malignancies.
The study was performed in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines and was approved by each participating institution’s ethics committee. All patients were required to sign informed consent. 
2.2 Study Treatment
At the time of study registration, patients were randomized in a 1:1 fashion to one of the two treatments arms. Patients assigned to the CP arm received cisplatin (75 mg/m2 on day 1) and pemetrexed (500 mg/m2 on day 1) every 3 weeks, for six cycles followed, in case of no disease progression, by maintenance pemetrexed (500 mg/m2 on day 1) every 3 weeks, until progression, unacceptable toxicity, or death. These patients received oral folic acid 400 μg daily and a vitamin B12 injection every 9 weeks from 1 to 2 weeks before the first dose of treatment until 3 weeks after the last dose. 
Patients assigned to CbTB arm received carboplatin (area under curve [AUC] 6 on day 1), paclitaxel (200 mg/m2 on day 1), and bevacizumab (15 mg/kg on day 1) every 3 weeks, for six cycles followed, in case of no disease progression, by maintenance bevacizumab (15 mg/kg on day 1) every 3 weeks, until progression, unacceptable toxicity or death. 
Dose reductions were planned by protocol, and no dose re-escalation was permitted after such a reduction. A maximum of two dose reductions were allowed. Treatment was discontinued if it could not be administered after a 3 week delay (cycle duration > 6 weeks) related to any toxicity. 
In the maintenance phase of the study treatment, single agent pemetrexed or bevacizumab were continued in each arm at the same dose administered during the last cycle of induction therapy. When patients progressed, administration of second-line treatment was based on the investigator’s discretion. Supportive treatments, such as antiemetics, transfusion of blood products, analgesics, antibiotics, antidiarrhoeals, granulocyte colony-stimulating factors (except for primary prophylactic use) and erythropoietic agents were allowed according to evidence-based recommendations. 

2.3 Quality of life assessments
EQ-5D was administered at baseline, after the third and sixth cycles of treatment, and at weeks 12 and 18 of maintenance therapy. 
EQ-5D consists of two pages: the EQ-5D descriptive system and the EQ VAS. The EQ-5D descriptive system comprises five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has three levels: no problems, some problems, severe problems. The respondent was asked to indicate his/her health state by placing a cross in the box against the most appropriate statement in each of the five dimensions. A summary index with a maximum score of 1 was derived from these five dimensions by conversion with the table of scores by Rabin.6
The EQ VAS records the respondent’s self-rated health on a vertical, 20-cm visual analogue scale in which the endpoints are labeled “best imaginable health state” and “worst imaginable health state.” This information can be used as a quantitative measure of health outcome as judged by the individual respondents.

2.4 Evaluation
Before entering the study, patients underwent physical examination and tumor assessment by a brain, chest, and abdomen computed tomography (CT) scan, a 12-lead echocardiogram, and a bone scan. Further examinations were performed if necessary. Response assessments were performed after 3 and 6 cycles of treatment, and every two months during the maintenance phase, using investigator-assessed Response Evaluation Criteria in Solid Tumors (RECIST).10
The same techniques used at baseline were utilized throughout the study to ensure comparability. All toxicities were graded using National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.11

2.5 Primary and Secondary Endpoints
The primary endpoint was the difference, in terms of QoL, between the two treatment arms after 12 weeks of maintenance, measured by two co-primary endpoints, EQ-5D Index total score and EQ-5D VAS. Secondary endpoints included the evaluation of QoL at the planned time points, toxicity, objective response rate (ORR), progression-free survival (PFS) and overall survival (OS). 

2.6 Sample size and statistical analysis 
The primary aim of the study was to detect, if existing, a minimal interesting difference (MID; i.e. a difference of clinical interest) in QoL measures after 12 weeks of maintenance treatment between the two treatment arms. In patients with advanced NSCLC undergoing chemotherapy, Pickard reported an average score for EQ-5D VAS equal to 68, with standard deviation 18, and 12 points in scale as the MID, equivalent to a one-step change in ECOG PS; and an average score for EQ-5D index equal to 0.72, with standard deviation 0.22, and 0.137 as the MID, equivalent to a one-step change in ECOG PS.7 Based upon this, a sample size of 49 patients per arm (who did not progress during induction chemotherapy and received maintenance therapy for at least 12 weeks) would have: (1) a 91% statistical power of showing a MID between treatments in terms of EQ-5D VAS, when the null hypothesis (absence of difference between the arms) is not-true; (2) an 87% statistical power of showing a MID between treatments in terms of EQ-5D Index total score, when the null hypothesis (absence of difference between the arms) is not-true. Assuming that approximately 20% of randomized patients experience progression of disease before the time of evaluation of the primary endpoint, without significant imbalance between the two treatment arms, the total number of patients to be randomized was increased by 20% from 98 patients to 118 patients.
Randomization was performed by permuted-blocks with variable block size, according to the Moses-Oackford algorithm, and the procedure was stratified by center and tumor stage (IIIB versus IV/relapsed). 
The two co-primary endpoints were evaluated with the Student’s t-test for unpaired data and the equivalent non-parametric test (Wilcoxon-Mann-Whitney), with a two-sided alpha of 0.05. In addition, in order to adjust for potential random differences in baseline values between the two arms, changes from baseline were compared between arms by a linear model, using baseline values as a covariate. 
In addition to this analysis for the two co-primary endpoints, secondary QoL analyses were performed. Similarly to the primary analysis, differences between the two treatment arms in EQ-5D index and EQ-5D VAS scores were also described for each of the other QoL time-points (after the first 3 cycles, after the first 6 cycles, after 18 weeks of maintenance). Furthermore, for each time-point, patients were classified as improved in EQ-5D index or EQ-5D VAS if the difference between the score reported at that time-point and the score reported at baseline was equal or larger than the MID (0.137 for EQ-5D index and 20 for EQ-5D VAS). Patients with improvement in one or more time-points were classified as “improved at any time”. The proportion of improved patients was calculated using as denominator all the patients enrolled in each arm, including also patients who dropped off for any reason, in order to obtain an estimate of the proportion of QoL improvement including failures, and not artificially increased by the missing questionnaires.   
Analysis of secondary endpoints was performed for exploratory purposes only. As for ORR, the null hypothesis of equal activity of the two treatments was tested by two-sided chi square test. Absolute and relative frequencies of adverse reactions to treatment were tabulated by treatment arm and severity of the event. For each toxicity, all grades were compared by exact Wilcoxon-Mann-Whitney test, while rates of severe events (grade  3 versus grade 0-2) were compared by two-sided Fisher’s exact test. PFS was defined as the time between randomization and progression or death (whichever occurred first) or date of last follow-up visit for patients alive without progression. OS was defined as the time between randomization and death, or date of last follow-up visit for alive patients. Median follow-up was calculated according to the reverse Kaplan-Meier method proposed by Schemper12. PFS and OS curves were estimated by Kaplan-Meier product limit method and compared by log-rank test.
3. Results
3.1 Baseline Characteristics
From January 2011 to March 2012, 118 patients were randomized in 14 Italian centers: 60 patients were assigned to CP arm and 58 patients were assigned to CbTB arm (Figure 1). Baseline patient and disease characteristics were similar in the two arms (Table 1). 

3.2 Treatment compliance
In both study arms, all patients received at least one cycle of assigned treatment, and all patients were included in the analysis of ORR, toxicity and time-to-event outcomes. Overall, 8 patients in the CP arm (13.3%) and 14 patients in the CbTB arm (24.1%) stopped the combination treatment before the completion of the planned 6 cycles, mostly due to disease progression. In the CP arm, 44 patients (73.3%) received pemetrexed maintenance for a median number of 6 cycles (range 1-32); while in the CbTB arm, 30 patients (51.7%) received bevacizumab maintenance for a median number of 6 cycles (range-1-13). At study cut-off 5 patients were alive in CP arm and 3 in CbTB arm.

3.3 Quality of life
The number of patients who completed QoL evaluation was 60 in the CP arm versus 58 in the CbTB arm at baseline, 60 versus 55 after 3 cycles, 52 versus 44 after 6 cycles, 38 versus 29 after 12 weeks of maintenance (primary endpoint) and 23 versus 18 after 18 weeks of maintenance. 
Mean baseline EQ-5D index was 0.719 in the CP arm (95% confidence interval [CI]: 0.656 – 0.782) and 0.661 in the CbTB arm (95% CI: 0.582 - 0.740). Mean baseline EQ-5D VAS was 69.02 in the CP arm (95% CI: 64.66 – 73.37) and 66.47 in the CbTB arm (95% CI: 61.65 – 71.28). Mean values of EQ-5D index and VAS scores at the different time points of evaluation, in each treatment arm, are depicted in Figure 2 (panel A and panel B, respectively). 
Results for the two co-primary endpoints (difference in mean changes from baseline to 12 weeks of maintenance) are summarized in Figure 3. As for the EQ-5D index, mean change was -0.04 in the CP arm and -0.177 in the CbTB arm. Difference between means was 0.1365 (95% CI: -0.021 - 0.294) favoring the CP arm (Student’s t test p = 0.088, Wilcoxon p = 0.078, linear model adjusted by baseline value p = 0.058). As for the EQ-5D VAS, mean change was -2.89 in the CP arm and -3.86 in the CbTB arm. The difference between means was 0.97 (95% CI: -9.37 -11.31) (Student’s t test p = 0.85, Wilcoxon p = 0.41, linear model adjusted by baseline value p = 0.30).  
Differences in mean QoL changes from baseline to other time-points (after 3 cycles, after 6 cycles and after 18 weeks of maintenance treatment), for both the EQ-5D index and the EQ-5D VAS, are detailed in table 2.  No statistically significant differences were observed. 
For each time-point and for both EQ-5D index and EQ-5D VAS, the proportion of patients obtaining an improvement in QoL scores, i.e. those patients experiencing a difference from baseline equal or better than the MID, is reported in table 3. Proportion of patients obtaining a clinically relevant improvement at any time-point was 30% in the CP arm vs. 26% in the CbTB arm (p=0.62) for EQ-5D index, and 20% in the CP arm vs. 22% in the CbTB arm (p=0.75) for EQ-5D VAS. 

3.4 Objective response rate 
During the first 6 cycles of treatment, 24 partial responses (40.0%) were noted in the CP arm and 30 partial responses (51.7%) were observed in the CbTB arm (p = 0.27). The disease control rate, including objective responses and stable disease, was 88.3% and 79.3%, respectively (p = 0.28). Two further partial responses were seen during the maintenance phase of pemetrexed in those patients randomized to the CP arm, while no further responses were demonstrated in patients receiving the maintenance bevacizumab in the CbTB arm, for an overall response rate of 43.3% and 51.7%, respectively (p = 0.47). 

3.5 Safety
All patients who were randomly assigned received at least one dose of trial treatment and were included in the safety analysis. During the initial 6 cycles of chemotherapy (Table 4), grade 3-4 neutropenia was reported in 8.3% of patients in the CP arm and in 10.3% of patients in the CbTB arm (p = 0.76), with 0% and 1.7% rate of febrile neutropenia, respectively. Thrombocytopenia was more frequent with CbTB (p = 0.023), without significant difference in severe grades (p = 0.49). Significantly worse nausea was reported with CP, while significantly worse hair loss and neurotoxicity was reported with CbTB. One toxic death was recorded in the CbTB arm (due to fatal haemoptysis), while no toxic deaths were reported in the CP arm. 
All of the 74 patients who received at least one cycle of maintenance treatment were evaluable for toxicity analysis (Table 5). Maintenance treatment was globally well tolerated, with very few severe adverse events: pemetrexed was associated with significantly worse anemia, neutropenia and nausea, while bevacizumab produced significantly worse hypertension, all without significant differences in severe grades. 

3.6 Time-to-event Outcomes
As of June 30th, 2013, with a median follow-up of 27.0 months, 102 events for PFS analysis (progression of disease or death without progression) were recorded (51 events in each arm), and 86 deaths were recorded (43 in CP arm and 43 in CbTB arm). 
Kaplan-Meier curves of PFS and OS are depicted in Figure 4 (panel A and panel B, respectively). Median PFS was 8.1 months (95% CI: 7.5 – 10.8) in the CP arm, and 8.3 months (95% CI 6.1 – 11.5) in the CbTB arm (Hazard Ratio [HR] 0.79, 95%CI: 0.53 – 1.17, log-rank test p = 0.24). Median OS was 14.0 months (95% CI: 10.5 – 20.3) in the CP arm, and 14.4 months (95% CI 10.9 – 19.1) in the CbTB arm (HR 0.93, 95% CI 0.60 – 1.42, log-rank test p = 0.73). 

4. Discussion
ERACLE is the first randomized trial comparing cisplatin and pemetrexed followed by maintenance pemetrexed versus carboplatin, paclitaxel and bevacizumab followed by maintenance bevacizumab in NS-NSCLC patients, with QoL as the primary endpoint. The bevacizumab-based regimen was developed and proven efficacious in ECOG 4599 study.2 The pemetrexed-based regimen was evaluated, first as a fixed six cycle treatment in the JMDB study,3 and then as maintenance after six cycles of induction chemotherapy in the PARAMOUNT study.4 In fact, six induction cycles of the pemetrexed-based regimen were planned in this study prior to proceeding to the maintenance phase for three main reasons: to offer the same number of cycles with platinum for all randomized patients; most of the international and national guidelines recommend up to a maximum of six cycles of first-line therapy in responding patients;13-16 it is the habit of most Italian centers to administer six cycles of platinum-based therapy to non progressing patients. However, following the results of clinical trials demonstrating the efficacy of maintenance treatment4, 4 cycles of platinum induction cycles are now considered a standard approach before starting maintenance without platinum. Furthermore, a meta-analysis showed that 6 planned cycles of platinum-based chemotherapy are not better than fewer in terms of overall survival,  so there is no clear advantage associated with the administration of two further cycles beyond the first four17.
Unfortunately, the ERACLE study did not meet the primary objective of improved QoL in any arm. Although we demonstrated a slight advantage in mean changes in EQ5D-I in favor of CP, after 12 weeks of maintenance therapy, it was not statistically significant.  Further, there was no difference between mean changes in EQ5D-VAS, after 12 weeks of maintenance treatment for the CP arm compared to the CbTB arm.  This negative result may be related to a flaw in the statistical design of the study. We assumed that only 20% of patients would progress and not receive further maintenance therapy. However, in the CbTB and CP arms nearly 50% of patients and 25% of patients, respectively, receiving induction therapy did not meet the criteria to proceed to the maintenance phase mainly due to the progression of disease, thereby reducing the statistical power to 76% instead of 91% for EQ5D VAS and 71% instead of 87% for EQ5D I. This needs to be taken into consideration when interpreting the data. Further, the 6 cycles of cisplatin administered as induction therapy in the CP arm could have negatively impacted on QoL of this arm. Last, it should be emphasized that our primary conclusions are limited to the QoL instruments adopted and to the time-point chosen for the primary comparison (12 weeks after start of maintenance). Of course, the adoption of different QoL instruments or of a different time-point could have produced different results.   
No differences were reported in terms of ORR, PFS and OS between the two arms.
Patients randomized to the CbTB arm were found to have a median OS of 14.4 months, which is consistent with the OS in the E4599 trial (14.2 months).18 Here, the CP regimen led to a similar median OS of 14.0 months.   
No differences were reported for efficacy outcomes, but the trial was not powered for this purpose, and patients were found to derive benefit from either of the treatment arms. If the trial had been designed with overall survival as primary endpoint, a much larger number of patients would have been required. No comparisons can be made with regards to the efficacy of the drugs in the maintenance phase, as the randomization was performed at the beginning of induction cycles, and comparing two strategy including also the maintenance approach. Moreover, this is a unique trial as the induction cycles contained 6 cycles, rendering difficult to compare it with other similar trials.19-20 Despite the sample sizes were very different, the median OS achieved for both arms in ERACLE (14 months, CP: 14.4 months CbTB) was slight better than median OS reached by the arms of PointBreak study (12.6 months, pemetrexed/carboplatin/bevacizumab; 13.4 months, CbTB),19 and PRONOUNCE trial (10.5 months, pemetrexed/carboplatin; 11.7 months; CbTB).20 A possible explanation could be the two additional platinum induction cycles planned in ERACLE study. 
In conclusion, there was no statistically significant difference in QoL between the two regimens, although the change in EQ5D index was better with CP compared to CbTB, with a difference in mean changes between arms in this co-primary endpoint that was equal to the minimal interesting difference (0.137). However, ERACLE was not designed or powered to demonstrate equivalence of QoL for the treatment regimens thus, this is a negative study. The efficacy results are consistent with other phase III first-line studies of platinum doublets for induction followed by continuation maintenance for patients who do not progress. Although the toxicity profiles for the regimens differed, both demonstrated tolerability and were consistent with those reported by other similar trials. These results underscore the need to choose the regimen most appropriate on the basis of the specific clinical situation for each patient.
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