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Introduction
The 2015 ASCO Annual Meeting, held May 29-June 2 in Chicago, Illinois, included numerous updates
on the treatment of non-small-cell lung cancer (NSCLC). A number of studies were presented that
offered encouraging data, including therapies targeting the programmed cell death protein 1 (PD-1)
or its ligand programmed death-ligand 1 (PD-L1) in patients with advanced NSCLC; and therapies for
patients harboring EGFR or BRAF mutations. This conference highlights provides an overview of the
major clinical trial updates in NSCLC presented at this meeting that will likely influence clinical
practice.

Early-Stage NSCLC
PROCLAIM Trial – Concurrent Chemotherapy With Concurrent Thoracic Radiotherapy
(TRT) Followed by Consolidation Chemotherapy
The standard of care for inoperable stage III NSCLC is concurrent chemoradiotherapy1,2; however,
the role of consolidation chemotherapy remains controversial. Pemetrexed is a multitargeted
antifolate with selective activity in non-squamous NSCLC.3 Pemetrexed-platinum combinations can
be administered at full systemic doses with concurrent TRT.4 The PROCLAIM trial, presented by
Senan et al, was initiated to determine if concurrent pemetrexed/cisplatin and TRT followed by
consolidation pemetrexed would result in a survival advantage versus a commonly used
chemoradiation regimen followed by a consolidation regimen of choice.5

Patients with previously untreated stage IIIA-IIIB non-squamous NSCLC were eligible for this phase III
study. A total of 598 patients were randomized 1:1 to pemetrexed 500 mg/m2 + cisplatin 75 mg/m2
IV plus concurrent TRT (66.0 Gy) every 21 days x 3 cycles followed by pemetrexed consolidation
every 21 days x 4 cycles vs etoposide 50 mg/m2 + cisplatin 50 mg/m2 IV plus concurrent TRT (66.0
Gy) every 28 days x 2 cycles followed by 2 cycles of a consolidation chemotherapy of choice:
cisplatin + etoposide, cisplatin + vinorelbine, or paclitaxel + carboplatin. The primary objective was
overall survival (OS); secondary objectives included progression-free survival (PFS), objective
response rate (ORR), and safety.
Baseline characteristics and radiotherapy delivered were well balanced between the 2 treatment
arms. Median OS was 26.8 months for pemetrexed + cisplatin vs 25.0 months for etoposide +
cisplatin (P = 0.831; Figure 1), and median PFS was 11.4 months for pemetrexed + cisplatin vs 9.8
months for etoposide + cisplatin (P = 0.130). The ORR was also similar between treatment groups
(35.9% for pemetrexed + cisplatin vs 33% for etoposide + cisplatin; P = 0.458). The disease control
rate (DCR) was slightly higher in the pemetrexed + cisplatin arm (80.7% vs 70.7%, P = 0.004).
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The safety analysis showed that 67% of pemetrexed + cisplatin subjects vs 79.4% of etoposide +
cisplatin subjects experienced ≥ 1 drug-related grade 3-5 adverse event (AE; P = 0.001). The
pemetrexed + cisplatin arm also had a lower incidence of grade 3-4 neutropenia/granulocytopenia
vs the etoposide + cisplatin arm (24.4% vs 44.5%; P < 0.001). Rates of pneumonitis and esophagitis
were similar between pemetrexed + cisplatin and etoposide + cisplatin treatment arms (1.8% vs
2.6% and 15.5% vs 20.6%, respectively). Although this trial did not demonstrate superiority in OS,
which was the primary endpoint of the study, PFS trended in favor of pemetrexed + cisplatin, and
the pemetrexed + cisplatin arm had a significantly lower incidence of drug-related grade 3-4 AEs.
Pemetrexed + cisplatin and concurrent TRT followed by pemetrexed consolidation showed an
acceptable safety profile and is an acceptable regimen to consider for the treatment of stage III nonsquamous NSCLC.

Metastatic NSCLC – Non-Targeted Therapy
Cabozantinib, Erlotinib, or Cabozantinib + Erlotinib in EGFR Wild-Type NSCLC
Cabozantinib is a small molecule multi-targeted tyrosine kinase inhibitor (TKI), which is approved for
progressive, metastatic, medullary thyroid cancer and has demonstrated single-agent activity in
NSCLC in a phase II clinical trial.6 This agent targets MET and VEGFR2, as well as other kinases
including RET, ROS1, AXL, KIT, and TIE-2. Erlotinib, an EGFR TKI, is FDA-approved for second- and
third-line treatment of advanced NSCLC, and demonstrated improved PFS and OS in unselected
patients compared with placebo.7 Cabozantinib in combination with erlotinib has demonstrated good
tolerability.8 Results of a phase II study, based on the rationale that erlotinib has modest activity in
EGFR wild-type NSCLC and that cabozantinib alone or in combination with erlotinib may improve
efficacy in EGFR wild-type NSCLC patients compared with erlotinib alone, were presented by Neal et
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The ECOG-ACRIN E1512 trial included patients with metastatic non-squamous NSCLC who had
received 1-2 prior lines of chemotherapy, had no EGFR mutation, no prior erlotinib therapy, and had
tissue available for immunohistochemistry (IHC) analysis; previously treated brain metastases were
allowed. Patients were randomized 1:1:1 to erlotinib 150 mg po daily, cabozantinib 60 mg po daily,
or a combination of erlotinib 150 mg po daily + cabozantinib 40 mg po daily. Disease assessments
were performed every 8 weeks. At the time of disease progression, patients on either single-arm
treatment could cross over to combination therapy, and all patients were followed for survival. The
primary endpoint of this study was PFS; secondary endpoints were OS, ORR, safety, and a MET
outcomes interaction.
Of the 125 patients enrolled, 113 were eligible and treated (erlotinib n = 38; cabozantinib n = 39;
erlotinib + cabozantinib n = 36), and 118 patients were included in the safety analysis. Patient
characteristics were predominantly well balanced between arms, except for a higher rate of
mediastinal metastases and a higher rate of previously treated brain metastases in both
cabozantinib arms.
As shown in Figure 2, median PFS was significantly improved for patients on cabozantinib (4.2
months; P = 0.0004) and on erlotinib + cabozantinib (4.7 months; P = 0.0005), compared with
erlotinib alone (1.9 months). Similarly, median OS was also significantly improved for cabozantinib
and erlotinib + cabozatinib compared with erlotinib alone, although this data is not mature.
Currently, follow-up is shorter on the combination arm, and the median OS for this arm may change
with further analysis. Radiographic responses were infrequent among the 3 treatment arms, with
partial response (PR) rates ranging from 3% to 14%. Stable disease (SD) was more common on
either cabozantinib arm (42-45% vs 17%), whereas progressive disease (PD) was more common on
the erlotinib arm (60% vs 23-24%).

Of 115 tissue samples received for MET IHC testing, 100 passed quality control and were tested in 2
batches. Of these, 73% were membrane positive and 87% were cytoplasmic positive. Eighty-seven
cases had both MET membrane and cytoplasmic staining. Patients treated with cabozantinib (arms
combined) had a longer PFS than those treated with erlotinib regardless of MET status and MET
status did not appear to be a predictor of outcome for any treatment group.
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Generally, the AEs were consistent with the known safety profile of all 3 agents. The most commonly
occurring treatment-related grade 3 AEs were diarrhea in the erlotinib + cabozantinib arm (27%),
mucositis in the cabozantinib arm (10%), and hypertension in the cabozantinib arm (26%). Overall
grade 3-5 AEs were more common in the cabozantinib and the erlotinib + cabozantinib arms.
In summary, cabozantinib, either alone or in combination with erlotinib, improved PFS and OS
compared with single-agent erlotinib in EGFR wild-type NSCLC in the second- and third-line setting.
There was some increase in toxicity with cabozantinib but overall the drug was well tolerated. A
follow-up study is being planned.

Whole Brain Radiation Therapy Plus Radiosurgery in Brain Metastases
In the US alone, approximately 400,000 patients each year are diagnosed with brain metastases.10
Although stereotactic radiosurgery (SRS) is an effective treatment for brain metastases, there is a
high rate of development of new metastases with SRS alone and a significant proportion of patients
have progression of the treated lesions. Adjuvant whole brain radiation therapy (WBRT) added to
SRS improves local control from 70% to 90%, and adjuvant WBRT decreases new brain metastases
from 50% to 30%.11-13 Despite significant improvement in intracranial control, there is no
improvement in survival with WBRT. Therefore, a clear understanding of the risks of WBRT,
specifically cognitive function, becomes paramount in making treatment decisions and raises the
question of whether tumor recurrence or WBRT has worse cognitive impact. A review of the literature
of phase III trials revealed mixed results.13-15 In a single-institution trial of SRS vs SRS + WBRT, SRS
alone was associated with better cognitive function.13 In contrast, a larger multicenter trial of SRS vs
SRS + WBRT showed that tumor control was the most important factor,14 which was confirmed by
another study of palliative WBRT.15 These discordant outcomes in the literature led to the design of
the NCCTG N0574 trial, with results presented by Brown et al in the plenary session at ASCO 2015.16
The trial was designed for patients with 1-3 brain metastases (< 3 cm) to determine if cognitive
progression 3 months post-SRS is less with SRS alone than with SRS + WBRT. The trial stratified
patients by age, extra-cranial disease status, number of brain metastases, and institution, then
randomized to SRS or SRS + WBRT. The dose of SRS was determined by lesion size, and patients
randomized to the combination arm received a slightly lower dose of SRS. Assessments at baseline
and over time included MRI scan, Functional Assessment of Cancer Therapy-Brain (FACT-Br), and a
cognitive battery of tests that assesses multiple cognitive domains.
This multicenter trial enrolled 213 patients (2 ineligible and 3 canceled prior to receiving treatment)
between 2002 and 2013, with a median follow-up of 7.2 months. Baseline characteristics were well
distributed between both study arms without significant differences. The median age was 60 and
approximately 70% of patients had a lung primary. Cognitive progression at 3 months was more
frequent after SRS + WBRT vs SRS alone (91.7% vs 63.5%, respectively; P = 0.0007). This outcome
persisted at 6 months for treatment with SRS + WBRT vs SRS alone (97.9% vs 77.8%, respectively; P
= 0.032).
More specifically, there was more cognitive deterioration in the SRS + WBRT arm, which reached
statistical significance at 3 months for immediate recall (P = 0.004), memory (P = 0.002), and verbal
fluency (P = 0.02). WBRT did significantly improve intracranial control at 3 months, at 6 months, and
beyond (Figure 3). However, despite the improvement in intracranial control, there was no
difference between treatment arms in median OS (SRS 10.4 months vs SRS + WBRT 7.4 months; HR
= 1.02). OS was not significantly different in any of the following subsets: age, systemic disease, and
number of brain metastases. In all of these subsets, WBRT had no impact on survival. This may be
explained by the fact that patients randomized to SRS alone underwent salvage therapy.
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More side effects were associated with WBRT, with specifically more alopecia (P = 0.01) and
dermatitis (P = 0.06) at 6 weeks; however, there was no difference between study arms with respect
to central nervous system (CNS) necrosis (SRS 6.8% vs SRS + WBRT 4.3%). Patient reported quality
of life (QoL) for all measures were higher in the SRS arm, including overall QoL.
The overall results of this study indicate that, for patients with newly diagnosed brain metastases
who are amenable to SRS, initial treatment with SRS alone and close monitoring to better preserve
cognitive function and QoL are recommended compared to the use of WBRT.

LUX-Lung 8: Afatinib vs Erlotinib as Second-Line Therapy in Advanced Squamous
Cell Carcinoma of the Lung
Squamous NSCLC (SQ) of the lung remains a disease with a high unmet clinical need, and treatment
options for patients with disease progression after platinum-based chemotherapy are limited.
Overexpression of EGFR, ErbB receptors, and dysregulation of their downstream pathways are
implicated in SQ NSCLC pathobiology.17-19 Erlotinib, a reversible EGFR TKI approved for second-line
therapy in patients with SQ NSCLC, showed improved tolerability over docetaxel,20 yet similar
survival in second-line unselected and EGFR wild-type NSCLC.21 Afatinib is an irreversible inhibitor of
EGFR, HER2, and HER4, thus it was hypothesized that afatinib could confer additional benefit over
erlotinib in patients with SQ NSCLC. Soria and colleagues presented results of an OS analysis from
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the global phase III LUX-Lung 8 trial.22
Patients with stage IIIB/IV SQ NSCLC who had progressed after ≥ 4 cycles of a first-line platinum
doublet were randomized 1:1 to receive afatinib 40 mg/day or erlotinib 150 mg/day. The primary
endpoint was PFS by independent review; secondary endpoints were OS, ORR, DCR, tumor
shrinkage, patient reported outcomes (PRO), and safety. Recruitment for the trial occurred from
March 2012 to January 2014. Results of the primary endpoint analysis in October 2013 were
positive,23 leading to a follow-up analysis in March 2015 (primary OS and updated PFS, ORR, DCR,
PRO, and safety).
A total of 977 patients were assessed for eligibility and 795 were randomized to treatment, 398 to
afatinib and 397 to erlotinib treatment. The majority of patients were male, current or former
smokers, and all had squamous cell histology.
The primary analysis of OS showed that afatinib was significantly better than erlotinib, with a 19%
reduced risk of death (median OS 7.9 vs 6.8 months; HR = 0.81; P = 0.0077), and a landmark
analysis at 12 and 18 months showed that 8% more patients treated with afatinib were alive
compared with erlotinib (Figure 4). Post-progression therapies were well balanced between
treatment arms.

Results of the updated PFS analysis were consistent with those of the earlier analysis, with a 19%
reduced risk of progression or death for afatinib vs erlotinib (median 2.6 vs 1.9 months,
respectively). Afatinib was also more favorable than erlotinib for ORR (5.5% vs 2.8%, respectively; P
= 0.055), DCR (50.5% vs 39.5%, respectively; P = 0.002), and duration of response (DOR) (7.29 vs
3.71 months, respectively). Patient-reported outcomes, which focused on coughing, dyspnea, and
pain, revealed that symptom improvement was better with afatinib than erlotinib with a longer time
to deterioration.
Overall, AEs and serious adverse events (SAEs) were balanced between treatment arms. Afatinib was
associated with more AEs leading to dose reduction, and 6 patients on afatinib vs 5 patients on
erlotinib had drug-related fatal AEs. Afatinib had a higher incidence of drug-related grade 3/4
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diarrhea (11% vs 3%) and grade 3 stomatitis (4% vs 0%) than erlotinib, whereas erlotinib had a
higher incidence of grade 3 rash/acne (10% vs 6%) than afatinib.
Tumor genomic analysis is ongoing (FoundationOneTM), with 238 patient samples analyzed. To date,
EGFR aberrations are infrequent and balanced between treatment arms. There appears to be no
correlation between EGFR aberrations and PFS or OS. Additional results are anticipated later in
2015.
In LUX-Lung 8, afatinib showed a significant reduction in death and disease progression compared
with erlotinib. The authors argue that afatinib should be the TKI of choice in second-line treatment of
patients with SQ NSCLC. The utility of EGFR TKIs in squamous cell lung cancer patients without EGFR
mutations, however, remains an area of debate, especially in the era of the checkpoint inhibitors.

Immunotherapy
CheckMate 017: Nivolumab vs Docetaxel in Advanced Squamous NSCLC
Patients with SQ NSCLC have a worse prognosis and limited therapeutic options vs non-squamous
NSCLC after frontline chemotherapy. Second-line therapy with docetaxel has modest clinical activity
and is associated with significant toxicity. Nivolumab, a fully human IgG4 PD-1 immune checkpoint
inhibitor antibody, has shown promising results in NSCLC and other cancer settings.24 The results of
CheckMate 017, a randomized, global, phase III study of nivolumab vs docetaxel in patients with
advanced or metastatic SQ NSCLC after failure of platinum-based chemotherapy, were presented by
Spigel et al25 and simultaneously published in the New England Journal of Medicine.26
Patients with stage IIIb/IV SQ NSCLC and 1 prior platinum doublet-based chemotherapy (N = 272)
were randomized 1:1 to receive nivolumab 3 mg/kg q2wk (n = 135) or docetaxel 75 mg/m2 q3wk (n
= 137) until disease progression or unacceptable toxicity. At enrollment, pre-treatment tumor
samples were required for PD-L1 analysis. The primary endpoint was OS, and secondary endpoints
included investigator-assessed ORR, PFS, efficacy by PD-L1 expression, QoL, and safety. There was 1
pre-planned interim analysis for OS. The boundary for declaring superiority for OS at this interim
analysis was P < 0.03. At the time of the database lock (December 14, 2014), 199 deaths were
reported (86% of deaths required for final analysis).
Baseline characteristics were evenly balanced between treatment arms, with the majority of patients
being male, having an ECOG performance status of 1, and being current/former smokers. Eightythree percent of patients had quantifiable PD-L1 expression, which was balanced between arms.
Results for the primary endpoint showed that nivolumab was superior to docetaxel with a 1-year OS
rate of 42% vs 24%, respectively (Figure 5). This advantage for nivolumab was also true for the
endpoints of ORR and PFS (Table 1). Median DOR was 8.4 months for docetaxel and has not been
reached for nivolumab; median time to response was 2.2 months for nivolumab and 2.1 months for
docetaxel. In the nivolumab arm, 28 patients were treated beyond RECIST-defined progression, and
a non-conventional benefit was seen in 9 of those patients.
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Compared with 33% of docetaxel-treated patients who responded, 63% of nivolumab-treated
patients who responded demonstrated an ongoing response. The survival benefit with nivolumab
was independent of PD-L1 expression level, and nivolumab was superior to docetaxel for OS,
regardless of the PD-L1 expression cutoff point in this patient population with squamous histology.
The magnitude of this benefit was consistent across the various PD-L1 expression levels. The ORR
was also independent of PD-L1 expression and consistently higher for nivolumab vs docetaxel.
Grade 3-5 treatment-related AEs occurred in 7% of nivolumab vs 57% of docetaxel patients with no
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grade 5 events reported for nivolumab. Grade 3-5 treatment-related AEs leading to discontinuation
were also lower in the nivolumab arm, 2% vs 7% in docetaxel patients. No nivolumab-related deaths
occurred while 2 docetaxel-related deaths occurred. The most common AEs were fatigue, decreased
appetite, and asthenia with nivolumab. Pneumonitis of any grade occurred in 5% of the nivolumab
patients with 1% at a grade 3/4 level. There were no cases of pneumonitis in the docetaxel arm.
In summary, nivolumab demonstrated a significant survival benefit versus standard-of-care
docetaxel in SQ NSCLC patients as second-line therapy. Nivolumab also demonstrated superiority
over docetaxel across all secondary endpoints. The benefit of nivolumab was independent of PD-L1
expression. The safety profile of nivolumab was favorable and consistent with prior studies. The
recent FDA approval of nivolumab for the treatment of SQ NSCLC adds to the armamentarium of
clinicians treating patients with SQ NSCLC.

CheckMate 057: Nivolumab vs Docetaxel in Advanced Non-Squamous NSCLC
Treatment options for patients with advanced non-squamous NSCLC who progress after platinumbased doublet chemotherapy are limited. Nivolumab, a fully human IgG4 PD-1 immune checkpoint
inhibitor antibody, has demonstrated durable anti-tumor activity and a manageable safety profile
across NSCLC histologies as well as OS benefit in a phase III study of advanced SQ NSCLC.26
CheckMate 057 is a randomized, global phase III study that sought to evaluate the efficacy and
safety of nivolumab vs docetaxel in patients with advanced non-squamous NSCLC after failure of
platinum-based doublet chemotherapy, the results of which were presented by Paz-Ares et al.27
A total of 582 patients with stage IIIb/IV non-squamous NSCLC were randomized to nivolumab 3
mg/kg IV q2wk (n = 292) or doxetaxel 75 mg/m2 IV q3wk (n = 290) until disease progression or
discontinuation due to toxicity/other reasons. The primary endpoint was OS; secondary endpoints
were investigator-assessed ORR, PFS, efficacy by PD-L1 expression, QoL, and safety.
Baseline characteristics were well balanced between treatment arms, with the majority of patients
being current/former smokers and having received 1 prior systemic regimen. Tumor PD-L1
expression was quantifiable in 455/582 (78%) patients, and baseline PD-L1 expression was well
balanced between treatment arms.
The 1-year OS rate was 51% for nivolumab vs 39% for docetaxel, which corresponded to a median
OS of 12.2 vs 9.5 months, respectively (HR = 0.73, P = 0.0015; Figure 6). Similarly, rates for ORR,
DOR, and PFS were favorable for nivolumab compared with docetaxel (Table 2).
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A survival benefit with nivolumab treatment was observed in predefined subgroups based on age,
gender, and baseline ECOG performance status, but not in those who were never smokers or who
harbored EGFR mutations in their tumor.
Unlike SQ NSCLC, PD-L1+ status was a significant predictive factor for OS outcome in nivolumabtreated patients with non-squamous NSCLC. Patients treated with nivolumab had higher OS than
those treated with docetaxel using predefined cutoffs for PD-L1 expression of ≥ 1%, 5%, and
10% (Table 3). However, PD-L1 negative status was not associated with differences in survival
between the 2 treatment arms. The magnitude of benefit for PD-L1 expressors was evident for both
OS and PFS. By contrast, this benefit was not seen in PD-L1 non-expressors. Interaction P values
confirmed interaction between PD-L1 expression in tumor and treatment effect, with all values being
highly significant. PD-L1 expression was also a predictor of ORR, with response rates significantly
higher for nivolumab vs docetaxel in PD-L1 expressors (≥ 1%: 31% vs 12%; ≥ 5%: 36% vs 13%; ≥
10%: 37% vs 13%).
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Overall, the incidence of severity of AEs was higher for docetaxel than for nivolumab. For grade 3-4
AEs, the incidence was higher for docetaxel compared with nivolumab for treatment-related AEs
(54% vs 10%, respectively), for treatment-related SAEs (18% vs 5%, respectively), and for treatmentrelated AEs leading to discontinuation (7% vs 4%, respectively). The most common AEs in the
nivolumab arm were fatigue, nausea, and decreased appetite.
In summary, nivolumab significantly improved OS and ORR and demonstrated a favorable safety
profile vs docetaxel in previously treated patients with advanced non-squamous NSCLC. Moreover,
PD-L1 expression was predictive of benefit with nivolumab in this trial, starting at the expression
level of 1%, with ORR of nivolumab almost 3 times that of docetaxel in PD-L1 expressors using the
1% cut-off.

POPLAR: Atezolizumab (MPDL3280A) vs Docetaxel in Second- and Third-Line NSCLC
Atezolizumab (MPDL3280A) is a humanized anti-PD-L1 antibody that inhibits the binding of PD-L1 to
PD-1 and B7.1. This checkpoint blockade can restore anti-tumor T-cell activity, enhance T-cell
priming, and restore immune recognition of tumors. Targeting PD-L1 rather than PD-1 leaves the PDL2/PD-1 interaction intact, thereby potentially preserving peripheral immune homeostasis.
Atezolizumab has demonstrated promising response rates in NSCLC that correlated with PD-L1
expression on tumor cells (TC) and/or tumor-infiltrating immune cells (IC).28,29 Results of an interim
analysis of the POPLAR trial, which compared atezolizumab with docetaxel as second- and third-line
(2L/3L) therapy in NSCLC, were presented by Spira et al.30
PD-L1 expression on TC and IC is a potential predictive biomarker for efficacy of atezolizumab in
NSCLC. The SP142 IHC assay is sensitive and specific for PD-L1 expression on both TC and IC.
Previous phase I data with atezolizumab demonstrated a correlation between efficacy of
atezolizumab and PD-L1 expression utilizing the same assay. A scoring system was developed from
tumor specimens required for the study and staining them for PD-L1. Patients were scored as TC0, 1,
2, or 3 and IC0, 1, 2, or 3. In patients with the highest level of PD-L1 expression, there was little
overlap between the 2 independent groups; however, there was more overlap at the intermediate
level (< 30%).
In the phase II POPLAR study, 287 patients with 2L/3L NSCLC who had disease progression on prior
platinum chemotherapy were randomized 1:1 to receive atezolizumab 1200 mg IV q3wk until loss of
clinical benefit or docetaxel 75 mg/m2 IV q3wk until disease progression. The arms were stratified by
PD-L1 IC expression, histology, and the number of prior chemotherapy regimens. The primary
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endpoint was OS in PD-L1 selected and ITT populations; secondary endpoints were PFS, ORR, DOR,
and safety for selected and ITT populations. The interim analysis presented was based on 153 events
with a minimum follow-up of 10 months. Baseline characteristics were well balanced between
treatment arms, with 12% more women in the docetaxel arm, which would have theoretically biased
outcomes in favor of the docetaxel arm.
In this interim analysis, the OS HR in the ITT population was 0.77 in favor of atezolizumab. As shown
in Figure 7, increasing PD-L1 expression was associated with improved OS for patients treated with
atezolizumab (TC3 or IC3 HR 0.46; TC2/3 or IC2/3 HR 0.56; TC1/2/3 or IC1/2/3 HR 0.63), whereas
there was essentially no difference between treatment arms for TC0/IC0 (HR 1.12).

In the ITT population, the median OS for the atezolizumab arm was 11.4 months vs 9.5 months in the
docetaxel arm. Progression-free survival by PD-L1 expression subgroup showed a similar trend in
favor of atezolizumab (TC3 or IC3 HR 0.57; TC2/3 or IC2/3 HR 0.70; TC1/2/3 or IC1/2/3), with little
difference between treatment arms for TC0/IC0 (HR 1.17). There was no difference between
treatment arms with respect to ITT ORR (atezolizumab 15% vs docetaxel 15%); however, for patients
in the TC3 or IC3 subgroups, ORR was atezolizumab 38% vs docetaxel 13%. The median DOR was
not reached for the atezolizumab arm and was 7.8 months for the docetaxel arm.
Despite a longer median treatment duration for atezolizumab vs docetaxel (3.6 vs 2.1 months),
substantially fewer treatment-related grade 3-4 AEs occurred in atezolizumab- vs docetaxel-treated
patients (12% vs 39%, respectively). Overall, the AE profiles of each drug were consistent with
previous studies. Common AEs associated with atezolizumab were decreased appetite, dyspnea, and
nausea. Immune-mediated AEs in response to atezolizumab included increased AST or ALT (4%
each), 2% pneumonitis, 1% colitis, and 1% hepatitis.
The results of the POPLAR trial demonstrated a pattern of improved survival that correlated with
increasing PD-L1 expression in favor of atezolizumab, as well as a favorable safety profile of
atezolizumab.
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KEYNOTE-021: Pembrolizumab Plus Ipilimumab as Second-Line Therapy for
Advanced NSCLC
Pembrolizumab is a humanized monoclonal antibody targeted against PD-1 that prevents PD-1 from
binding to its ligands, PD-L1 and PD-L2. Pembrolizumab has demonstrated activity against a wide
variety of tumor types and as monotherapy for previously treated and treatment-naïve advanced
NSCLC as demonstrated in the KEYNOTE-001 trial.31 The rationale for combining anti-PD-1 and antiCTLA-4 antibodies is their complementary mechanisms of action, with PD-1 functioning at the
effector stage and CTLA-4 functioning at the activation stage of the anticancer immune response.
Preclinical data have demonstrated synergistic anticancer activity in multiple models.32,33 The
combination of nivolumab plus ipilimumab has shown significant efficacy and manageable toxicity in
the treatment of advanced melanoma34,35 and NSCLC.36 Dr Patnaik and colleagues presented interim
results from the phase I KEYNOTE-021 study evaluating pembrolizumab plus ipilimumab (Pem/Ipi) in
patients with recurrent NSCLC.37
Patients were enrolled using a 3+3 dose escalation design. The 4 planned dosing levels were as
follows:

Pembrolizumab
Pembrolizumab
Pembrolizumab
Pembrolizumab

10 mg/kg q3w + ipilimumab 1 mg/kg q3w (Pem-10/Ipi-1)
10 mg/kg q3w + ipilimumab 3 mg/kg q3w (Pem-10/Ipi-3)
10 mg/kg q3w + ipilimumab 0.3 mg/kg q3w (Pem-10/Ipi-0.3)
2 mg/kg q3w + ipilimumab 1 mg/kg q3w (Pem-2/Ipi-1)

Patients aged 18-75 years with stage IIIB/IV NSCLC who had received ≥ 1 prior therapy, including ≥
1 platinum doublet, received Pem/Ipi q3wk for 4 cycles, followed by maintenance pembrolizumab
q3wk up to 2 years. Patients were eligible for the study with any PD-L1, EGFR, or ALK status;
however, they were not permitted to receive prior anti-PD-1, anti-PD-L1, or anti-CTLA-4 therapy.
Based on emerging data from a study of NSCLC with nivolumab 1 mg/kg + ipilimumab 3 mg/kg q3wk
that showed a high incidence of grade 3 TEAEs,36 the protocol was amended to treat subsequent
patients with reduced doses of 2 mg/kg for pembrolizumab and 1 mg/kg for ipilimumab. The primary
endpoint was safety and incidence of dose-limiting toxicities (DLTs) in the first 3 weeks of dosing;
secondary endpoints were overall safety and tolerability and ORR. Response was assessed every 6
weeks per RECIST v1.1.
A total of 18 patients were enrolled. At the time of protocol amendment, there were no DLTs in the 3
patients treated with Pem-10/Ipi-1 or in 3 patients treated with Pem-10/Ipi-3. Following protocol
amendment, no DLTs occurred in 12 patients treated with Pem-2/Ipi-1. Median time on therapy has
been 20 weeks, mean number of doses is 5, and 8 patients have discontinued therapy, while
treatment is ongoing in 10 patients and median followup duration is 31 weeks.
The most common grade AEs were fatigue (39%), decreased appetite (22%), myalgia, pruritus, and
rash (17% each). Adrenal insufficiency, drug eruption, and maculopapular rash occurred as grade 3
AEs. There were no grade 4 events or treatment-related deaths and 2 treatment-related
discontinuations.
Best ORR was 39% (CR in 1 patient, PR in 6 patients), the DCR was 83%, and SD ≥ 6 weeks occurred
in 44% of patients (Table 4). Regarding change from baseline in tumor size, 71% of patients showed
a decrease in the target lesion burden. Median PFS has not been reached and all responses are
ongoing as of the data cutoff of March 31, 2015.
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Though results are preliminary, the investigators concluded that pembrolizumab 2 mg/kg +
ipilimumab 1 mg/kg has a manageable toxicity profile and shows preliminary evidence of robust
durable anti-tumor activity in patients with advanced NSCLC. This combination will be further
characterized in a currently enrolling dose expansion cohort of 32 patients

Targeting EGFR Mutations
AURA: AZD9291 as First-Line Treatment in EGFR+ Advanced NSCLC
For patients with advanced NSCLC whose tumors bear an EGFR mutation, EGFR TKIs are preferred
over chemotherapy as first-line therapy. However, regardless of the extent of initial response to
EGFR TKIs, patients almost universally develop resistance to therapy. In approximately 60% of cases,
this resistance is mediated by the EGFR T790M mutation.38 AZD9291 is an irreversible EGFR TKI with
activity against the sensitizing EGFR mutations and the T790 resistance mutation.39 In patients with
acquired resistance to EGFR TKIs that bear a secondary T790M mutation, AZD9291 (80 mg/day) has
demonstrated promising response rates and a median PFS of 13.5 months by independent review.40
In preclinical models, AZD9291 considerably delayed the emergence of resistance in cells with the
EGFR exon 19 deletion compared with other EGFR TKIs.41 Ramalingam and colleagues presented
results from the expansion cohorts of the AURA study of AZD9291 as first-line therapy for EGFR
mutation-positive advanced NSCLC.42
In the phase I AURA study, sequential cohorts received AZD9291 at doses ranging from 20 mg to 240
mg, with predefined expansion cohorts at the 80 mg/day and 160 mg/day dose levels. The expansion
cohorts enrolled patients with treatment-naïve advanced NSCLC containing an EGFR mutation. EGFR
mutation status of these patients was tested locally at the treating site and/or confirmed by central
testing. Salient eligibility criteria included the presence of measurable disease, WHO performance
status of 0 or 1, and acceptable organ function.
In total, 60 patients received AZD9291 (80 mg, n = 30; 160 mg, n = 30), and all patients were
included in the evaluable for response population. The median duration of RECIST follow-up was 9.6
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months. Currently, 48 patients continue to receive treatment (80 mg, n = 23; 160 mg,n = 25) with 6
being treated beyond progression. Baseline demographics and disease characteristics were similar
between the 2 cohorts, however; there were more patients with T790M mutation in the 80 mg cohort
(4) vs 1 in the 160 mg cohort.
Overall, the incidence of any grade ≥ 3 AE was 38%, with a higher incidence in the 160 mg cohort
compared with the 80 mg cohort (43% vs 33%, respectively). The incidence of AEs leading to dose
reduction were also higher in the 160 mg cohort than in the 80 mg cohort (43% vs 10%,
respectively), and AEs leading to discontinuation occurred in 4 patients total. Grade ≥ 3 TEAEs
occurred in 15% of patients overall (20% in 160 mg vs 10% in 80 mg); 3 patients discontinued
treatment due to drug-related toxicity. The most common all-causality AEs in both groups were rash,
diarrhea, dry skin, and stomatitis.
Disease outcomes, including ORR of 73%, are shown in Table 5. The data are too immature to
estimate median PFS; however, 81% of patients remain alive and progression-free at 9 months.

In conclusion, AZD9291 demonstrates encouraging clinical activity and a manageable safety profile
in treatment-naive patients with EGFR mutation positive advanced NSCLC. The ongoing phase III
FLAURA study compares AZD9291 80 mg qd with erlotinib or gefitinib.

TIGER-X: Rociletinib in T790M+ NSCLC
Third-generation EGFR TKIs are important because they can overcome the T790M resistance
mutation while sparing the wild-type toxicity. Rociletinib (CO-1686) is an oral third-generation EGFR
TKI that inhibits activity against both activating mutations and T790M and spares wild-type EGFR.43
Rociletinib was studied initially in single-arm studies in mutant EGFR NSCLC patients with acquired
resistance to TKI therapies.44 Sequist et al presented the updated results of TIGER-X, the initial phase
I/II trial of rociletinib.45
For the overall phase I/II study, patients had activating EGFR-mutant NSCLC, prior treatment with
EGFR-directed therapy, and acquired resistance to a prior EGFR TKI. All patients underwent a biopsy
Page 18 of 27

Published on Educational Concepts Group (http://www.ecgcme.com)
at study entry. For the phase II portion, the biopsy was required to demonstrate T790M+ and
patients must have progressed on a prior EGFR TKI. Plasma testing was conducted for EGFR
mutations (L858R, del 19, and T790M) with digital PCR followed by flow cytometry (BEAMing test).
In the expansion (phase II) study, patients received rociletinib 500 mg bid, 625 mg bid, 750 mg bid,
or 1000 mg bid. To date, 456 patients have been treated with rociletinib (safety analysis); 243
patients have centrally confirmed tissue-based T790M+ status (efficacy analysis ORR); 188 patients
have both plasma and tissue T790M results available (comparative group); and 147 patients are
plasma T790M+ (efficacy analysis ORR). Median age was 63 years, 66% female, 82% had immediate
prior TKI therapy, and 41% had history of CNS disease.
Best response to rociletinib by tissue and plasma T790M+ patients is shown in Table 6. Because the
study is ongoing, PFS estimates are immature. As of April 27, 2015, only 35% of patients had
reached a PFS endpoint event, with a median PFS of 8 months for all patients and 10.3 months for
patients with baseline CNS disease, but those numbers are expected to change with maturity of the
data. Using tissue as a reference, there was 81% positive agreement between tissue and plasma for
T790M mutation and 87% positive agreement for activating mutations. It should be noted that 20
patients who underwent a tumor biopsy had inadequate tissue for analysis, 12 of whom were
T790M+; in the end, both plasma and tissue detected about the same number of T790M+ patients
from the cohort. In terms of acquired resistance, there has been no evidence to date of C797S in 20
acquired resistance patients studied. Emergence of C797S has been reported as a potential
resistance mechanism following treatment with AZD9291.

Rociletinib is generally well tolerated, with the primary AE being hyperglycemia, followed by
diarrhea, nausea, and fatigue. Compared with the higher dose levels, the 500 mg dosage level
demonstrated an improved safety profile, with a decreased incidence of the common toxicities and a
grade 3-4 hyperglycemia rate of 17% (vs 24%, 36%, and 33% for 625, 750, and 1000 mg levels,
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respectively). Hyperglycemia resulting from rociletinib treatment is caused by iatrogenic insulin
resistance, mediated by a rociletinib metabolite (M502) that inhibits IGF1-R/IR. A monitoring and
treatment algorithm has been implemented in trial protocols, which has been successful in reducing
grade ≥ 3 hyperglycemia from 22% to 5%.
In conclusion, rociletinib demonstrates good activity and is well tolerated at the recommended dose
of 500 mg bid in EGFR-mutant NSCLC patients with PD after immediate prior TKI therapy.
Hyperglycemia can be managed effectively with oral agents.

AZD3759 for NSCLC With Brain Metastasis: Preclinical and Clinical Evidence
EGFR TKIs are the standard of care of patients with EGFR-mutant NSCLC. However, brain metastasis
are not uncommon in these patients, but current TKIs have limited penetration crossing the blood
brain barrier (BBB), resulting in an unmet need for TKIs with better BBB penetration. AZD3759 is an
oral EGFR TKI specifically designed to penetrate the BBB for the treatment of brain metastasis and
leptomeningeal metastasis. Kim and colleagues presented preclinical findings and preliminary results
of a phase I study of AZD3759 in EGFR-mutant NSCLC patients with brain metastasis.46
Preclinically, AZD3759 was assessed in both in vitro and in vivo assays, including CNS penetration in
rats, mice, and monkeys. Blood and brain tissues were collected for pharmacokinetics,
histopathology, and phosphorylated EGFR expression analyses. In vivo evaluation of BBB penetration
showed that AZD3759 is not a substrate of P-glycoprotein or the breast cancer resistance protein
(BCRP) efflux transporters, and shows significantly better penetration crossing the BBB than other
approved EGFR TKIs. Estimated Kpuu, brain value (the ratio of unbound brain concentration/unbound
plasma concentration) for humans, based on PET scan data in monkeys, is close to 1.0.
For anti-tumor efficacy, a brain metastasis mouse model was established by intra-carotid artery
injection of luciferase-labeled PC-9 cells. Better tumor regression and prolongation of animal survival
were observed with AZD3759 treatment in this brain metastasis mouse model compared to gefitinib
or erlotinib.
A phase I dose escalation trial is ongoing in patients with EGFR-mutant NSCLC who received ≥ 1 line
of EGFR TKI and 1 line of chemotherapy prior to enrollment. To date, 12 patients (10 females, 2
males; range 41-68 years) have been enrolled in the AZD3759 50 mg bid (n = 5) and 100 mg bid (n
= 7) cohorts.
Of 4 patients showing tumor shrinkage, 3 of these were CNS tumors, thus preliminary evidence of
intracranial tumor shrinkage was observed in this study. Grade 1-2 AEs of skin rash, diarrhea,
constipation, and fatigue were consistent with wild-type EGFR inhibition. To date, there have been no
dose-limiting toxicities and the maximum tolerated dose has not been reached.
Promising preclinical and clinical evidence are supportive of AZD3759 as an EGFR TKI with good BBB
penetration and the potential to treat EGFR-mutant NSCLC patients with brain metastasis.

Targeting BRAF Mutations
Dabrafenib + Trametinib in BRAF-Mutated NSCLC
A small percentage (1.7-2%) of NSCLC patients harbor BRAF V600E mutations in their tumors, which
tend to show aggressive histologic features.47 Patients whose tumors carry this mutation tend to
demonstrate less favorable outcomes with platinum-based chemotherapy.47,48 Dabrafenib inhibits
BRAF V600E kinase, whereas trametinib inhibits downstream MEK signaling.49-52 The rationale for
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combining dabrafenib and trametinib was based on preclinical models, which showed that the
combination of these 2 agents was more effective than either agent alone.50 In the monotherapy
phase of this study (Cohort A), dabrafenib monotherapy demonstrated clinically meaningful antitumor activity with durable objective responses in BRAF-mutated V600E NSCLC.53 Dr Bruce Johnson
presented results of Cohort B (combination therapy dabrafenib + trametinib) of the phase II
BRF113928 study on behalf of Planchard et al.54
Forty patients with stage IV BRAF V600E mutant advanced NSCLC who had received 1-3 treatment
lines (including ≥ 1 platinum-based chemotherapy) were treated with dabrafenib 150 mg bid +
trametinib 2 mg qd. The study occurred in 2 stages: stage 1 (n = 20), with a response necessary in
≥ 6 patients in order to progress to stage 2 (n = 20). The primary endpoint of Cohort B was
investigator-assessed ORR; secondary endpoints were PFS, DOR, OS, safety, tolerability, and
population pharmacokinetics. The efficacy population (≥ second-line) defined as having had either 2
post-baseline scans or had discontinued study treatment, consisted of 24 patients, and the safety
population (all treated) consisted of 33 patients.
At the time of the interim analysis, 27 patients remained on treatment and 6 had discontinued study
treatment, 4 from disease progression and 2 from an AE. Median age was 66 years, 21 were female,
12 were male, and the majority of patients (58%) had undergone one prior systemic regimen for
metastatic disease.
Twenty-four patients were evaluable for efficacy, with an ORR of 63% (Table 7). Median DOR was
not reached. The majority of patients remain on treatment, with a median time on study treatment
of 108 days (range 1-244 days). An independent review of best confirmed response for ≥ second-line
patients revealed a nearly identical ORR and DCR (68% and 86%, respectively).

The most common AEs in ≥ 20% of patients were pyrexia, diarrhea, nausea, vomiting, decreased
appetite, asthenia, cough, peripheral edema, and rash (mostly grade 1 or 2). Grade 3 AEs occurred
in 39% of patients and grade 4-5 AEs occurred in 3% of patients. Fourteen (42%) patients
experienced a serious AE and there was 1 fatal serious AE.
In summary, the combination dabrafenib + trametinib demonstrated clinically meaningful anti-tumor
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activity with a higher ORR when compared indirectly with dabrafenib monotherapy (Cohort A) (63%
vs 32%, respectively) in BRAF V600E-mutant NSCLC. Cohort B has completed recruitment with 59
patients, and a third cohort investigating dabrafenib + trametinib in previously untreated patients
with BRAF V600E-mutant NSCLC is currently recruiting.

Other Mutations
Stage IV Lung Adenocarcinoma With MET Exon 14 Skipping: Response to Crizotinib
and Cabozantinib
Mutations at the splice acceptor or donor sites of exon 14 can lead to exon skipping and thus an
aberrant MET protein which cannot bind the Cbl E3 ligase. In preclinical models MET gene exon 14
skipping mutations are oncogenic.55 These mutations are relatively uncommon, comprising just 4%
of the NSCLC cases.56 Paik and colleagues presented responses to the MET inhibitors crizotinib and
cabozantinib in patients with stage IV lung adenocarcinomas harboring mutations leading to MET
exon 14 skipping.57
Patients with stage IV lung adenocarcinomas harboring MET exon 14 splice site mutations (N = 8) or
a deletion of Y1003 in exon 14 (N = 1) were identified through next-generation sequencing of 341
oncogenes and tumor suppressor genes. An analysis of MET expression was performed by IHC on
archival FFPE tissue. Exon 14 skipping was confirmed by nanoString analysis of mRNA. Radiographic
response was assessed using RECIST v1.1 and PERCIST criteria.
To date, 3 patients have been treated with crizotinib and 1 patient has been treated with
cabozantinib (NCT01639508). Three of 4 patients (75%) developed a PR to treatment (all with
crizotinib), and the remaining patient had SD by RECIST v1.1 (with cabozantinib), with PET imaging
demonstrating a complete PERCIST response (Table 8).

MET exon 14 skipping is a novel oncogenic event that predicts response to MET inhibitors. This
appears to be a substantially better predictor of response than either protein expression or gene
amplification. The authors propose that patients with these splice site mutations should be treated
on a clinical trial of a MET inhibitor.
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Summary
The 2015 ASCO Annual Meeting provided an excellent venue for the dissemination of important
clinical trial information on the treatment of NSCLC that may impact clinical practice positively.
In locoregionally advanced NSCLC, the combination of pemetrexed+cisplatin and concurrent TRT
showed favorable results in PFS and an acceptable safety profile, although it did not demonstrate
superiority to etoposide + cisplatin in OS.
Highlights of non-targeted therapy in metastatic NSCLC included treatment of EGFR wild-type NSCLC
with cabozantinib alone or in combination with erlotinib, with findings that combination therapy or
cabozantinib alone improved PFS and OS as second- or third-line therapy compared with singleagent erlotinib. A study that assessed the combination of WBRT plus SRS in patients with newly
diagnosed brain metastases concluded that initial treatment with SRS alone and close monitoring are
recommended to minimize cognitive changes. Results of the LUX-Lung 8 study, which compared
afatinib with erlotinib in patients with stage IIIb/IV SQ NSCLC, predominantly without EGFR
mutations, affirmed afatinib as an option for second-line therapy in this patient population.
Some of the most promising and exciting data came in the area of immunotherapy with encouraging
results for treatment with nivolumab, atezolizumab, and pembrolizumab. Trials of nivolumab showed
an OS benefit versus docetaxel in both non-squamous and squamous NSCLC. In the CheckMate 017
trial, nivolumab demonstrated a 41% OS improvement versus docetaxel in patients with squamous
NSCLC. In the CheckMate 057 trial, the OS benefit with nivolumab was 27% in patients with nonsquamous NSCLC. The standard of care of squamous NSCLC has already changed as a result of the
approval of nivolumab for use in this population and may be changing for non-squamous NSCLC as
well. Reports from 2 other trials provided evidence that atezolizumab (MPDL3280A) provides a
survival benefit as second-line therapy and this effect is correlated with PD-L1 expression. A phase I
study of pembrolizumab + ipilimumab showed preliminary evidence of robust anti-tumor activity in
patients with advanced NSCLC.
For patients with EGFR-mutant NSCLC, particularly those with resistance caused by the secondary
T790M mutation, the third-generation EGFR TKIs AZD9291 and rociletinib (CO-1686) have continued
to demonstrate encouraging results. Preliminary efficacy and safety data from first-line expansion of
the AURA phase I study showed impressive results for AZD9291 in treatment-naïve advanced NSCLC
patients with EGFR mutation. In patients with EGFR-mutant NSCLC with progressive disease after
immediate prior TKI therapy, rociletinib demonstrated compelling activity and was well tolerated at a
dose of 500 mg bid. Another EGFR inhibitor, AZD3759, showed promising preclinical and clinical
outcomes, including good BBB penetration and the potential to treat the EGFR-mutant NSCLC patient
with brain metastasis.
Regarding other specific mutations, a single-arm phase II study of the BRAF inhibitor dabrafenib plus
the MEK inhibitor trametinib showed promising efficacy and a tolerable safety profile in patients with
BRAF V600E-mutant NSCLC. MET exon 14 skipping is the next largest actionable oncogenic subgroup
in lung adenocarcinomas after EGFR mutations and ALK fusions. A small trial showed favorable
response to crizotinib and cabozantinib in late-stage lung adenocarcinoma with MET exon 14
skipping mutations.
The data presented at the 2015 ASCO Annual Meeting provided new therapeutic options as well as
additional evidence for new clinical trials. The 2016 ASCO Annual Meeting will be held June 3-7, 2016
in Chicago, Illinois.
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