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Lungenklinik Löwenstein GmbH, Löwenstein, Germany; 5Department of Medical Oncology, Centro Integrado de Pesquisa, Fundaç~ao Faculdade Regional de
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Background: Combination of selumetinib plus docetaxel provided clinical benefit in a previous phase II trial for patients with
KRAS-mutant advanced non-small-cell lung cancer (NSCLC). The phase II SELECT-2 trial investigated safety and efficacy of
selumetinib plus docetaxel for patients with advanced or metastatic NSCLC.

Patients and methods: Patients who had disease progression after first-line anti-cancer therapy were randomized (2 : 2 : 1) to
selumetinib 75 mg b.i.d. plus docetaxel 60 or 75 mg/m2 (SELþDOC 60; SELþDOC 75), or placebo plus docetaxel 75 mg/m2

(PBOþDOC 75). Patients were initially enrolled independently of KRAS mutation status, but the protocol was amended to
include only patients with centrally confirmed KRAS wild-type NSCLC. Primary end point was progression-free survival (PFS;
RECIST 1.1); statistical analyses compared each selumetinib group with PBOþDOC 75 for KRAS wild-type and overall (KRAS
mutant or wild-type) populations.

Results: A total of 212 patients were randomized; 69% were KRAS wild-type. There were no statistically significant
improvements in PFS or overall survival for overall or KRAS wild-type populations in either selumetinib group compared with
PBOþDOC 75. Overall population median PFS for SELþDOC 60, SELþDOC 75 compared with PBOþDOC 75 was 3.0, 4.2, and
4.3 months, HRs: 1.12 (90% CI: 0.8, 1.61) and 0.92 (90% CI: 0.65, 1.31), respectively. In the overall population, a higher objective
response rate (ORR; investigator assessed) was observed for SELþDOC 75 (33%) compared with PBOþDOC 75 (14%); odds
ratio: 3.26 (90% CI: 1.47, 7.95). Overall the tolerability profile of SELþDOC was consistent with historical data, without new or
unexpected safety concerns identified.

Conclusion: The primary end point (PFS) was not met. The higher ORR with SELþDOC 75 did not translate into prolonged PFS
for the overall or KRAS wild-type patient populations. No clinical benefit was observed with SELþDOC in KRAS wild-type
patients compared with docetaxel alone. No unexpected safety concerns were reported.
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Introduction

Selumetinib (AZD6244, ARRY-142886) is an oral, potent and

highly selective, allosteric MEK1/2 inhibitor [1] with a short half-

life [2, 3]. The RAS/RAF/MEK/ERK (RAS-ERK) pathway con-

verges at MEK1/2, whose only known substrates are ERK1/2 [4, 5].

This pathway is implicated in growth and progression of various

cancers, and can be activated by mutations in several components,

such as RAS, BRAF or NF1 [4, 6, 7].

Results of a Phase II trial demonstrated that selumetinib in

combination with docetaxel (SELþDOC) improved clinical out-

comes for patients with KRAS-mutant (KRASm) advanced non-

small-cell lung cancer (NSCLC) [8]. Selumetinib has also demon-

strated activity in pre-clinical KRAS wild-type models, which

suggested that SELþDOC may provide clinical benefit to pa-

tients with NSCLC with activation of the RAS-ERK pathway, in-

dependent of a KRAS mutation [5]. Moreover, clinical responses

to selumetinib have been reported in patients whose tumours do

not harbour KRAS mutations [9], and at the time of initiation of

the present trial, emerging data suggested that combining MEK

inhibitors with docetaxel may provide clinical benefit to patients

with KRAS wild-type NSCLC [10, 11]. Based on these promising

pre-clinical and clinical data, the phase II SELECT-2 trial

(NCT01750281) was initiated to compare the clinical benefit of

SELþDOC with docetaxel monotherapy, in patients with

advanced or metastatic NSCLC. The SELECT-2 trial was carried

out in parallel to the phase III SELECT-1 trial which failed to

show benefit of adding selumetinib to docetaxel for treating pa-

tients with advanced KRASm NSCLC [12]. Two patient popula-

tions were investigated in SELECT-2: those with KRAS wild-type

tumours, and the overall population, including patients with

KRAS mutations or wild-type tumours, allowing comparison of

effects of the combination and monotherapy between

populations.

Patients and methods

Patients

Eligible patients were aged�18 years, with a World Health Organization
(WHO) performance status (PS) 0/1, who had disease progression after
first-line treatment of locally advanced or metastatic NSCLC due to pro-
gression of disease while on first-line therapy or relapse of disease follow-
ing remission from first-line therapy. Patients were excluded if they had
mixed small and NSCLC histology, had received>1 prior anti-cancer
drug regimen for advanced or metastatic NSCLC (platinum-based doub-
let chemotherapy, other single agent anti-cancer therapy, or combination
regimen), or had received prior treatment with an MEK inhibitor or any
docetaxel containing regimen. Patients were initially enrolled regardless
of KRAS mutation status with no testing for mutation status required.
However, in September 2013, after trial initiation, a protocol amendment
required patients to have a prospectively, centrally confirmed absence of
a KRAS mutation (no mutation detected; referred to as KRAS wild-type)
using the cobas

VR

KRAS Mutation Test (Roche Molecular Systems). The
amendment was introduced to investigate a population enriched with

patients with KRAS wild-type tumours in order to characterize the activ-
ity of selumetinib in a robustly defined KRAS wild-type population, in
parallel to the SELECT-1 trial exploring the activity of selumetinib in pa-
tients with KRAS-mutant NSCLC [12].

All patients provided written informed consent before any study spe-
cific procedures. The study was carried out in accordance with the ethical
principles of the Declaration of Helsinki, and the International
Conference on Harmonization Good Clinical Practice Guidelines.

Study design

Patients were randomized using an interactive voice/web response system
in a 2 : 2 : 1 ratio (Figure 1) to selumetinib 75 mg twice daily (b.i.d.) plus
docetaxel 75 mg/m2 (SELþDOC 75), selumetinib 75 mg b.i.d. plus doce-
taxel 60 mg/m2 (SELþDOC 60), or matched placebo plus docetaxel
75 mg/m2 (PBOþDOC 75). Docetaxel was administered intravenously
on day 1 of every 21-day cycle.

A protocol amendment (December 2013) required patients to receive
pegylated Granulocyte-Colony Stimulating Factor (G-CSF; pegfilgrastim
6 mg) as a single injection within 24 h following each docetaxel adminis-
tration, and not within 14 days of the next dose in accordance with local
prescribing information. The amendment was introduced in order to re-
duce the rate of neutropenia and febrile neutropenia observed in the
phase II study of SELþDOC [8]. Before this, G-CSF could be adminis-
tered but was not mandated.

Due to protocol amendments (September 2013) regarding KRAS sta-
tus and patient selection, there were three patient subgroups: KRAS wild-
type, KRAS-mutant, and KRAS unknown. All patients were expected to
receive up to six docetaxel cycles. The investigator could reduce the num-
ber of cycles if significant toxicity developed. If docetaxel was discontin-
ued, patients continued to receive selumetinib/placebo until objective
disease progression, intolerable toxicity, or occurrence of another discon-
tinuation criterion. Patients could continue to receive selumetinib/pla-
cebo treatment as long as the investigator considered them as continuing
to derive clinical benefit in the absence of significant toxicity, and if it did
not contravene local practice. Patients experiencing toxicity considered
treatment related had a dose reduction or were withheld from further
treatment until resolution of the toxicity. Patients initially on docetaxel
75 mg/m2 were reduced to 55 mg/m2, and for initial dose 60 mg/m2 the
dose reduction was to 45 mg/m2.

End points and study assessments

The primary objective was to assess efficacy in terms of PFS by investiga-
tive site review of computed tomography or magnetic resonance imaging
scans, according to RECIST 1.1. Secondary objectives were to further as-
sess efficacy in terms of overall survival (OS), objective response rate
(ORR), duration of response (DoR), safety, and tolerability. Tumour
evaluations were carried out for all randomized patients at screening and
every 6 weeks thereafter until evidence of disease progression by RECIST
1.1, withdrawal of consent, or death. Patients were followed-up for sur-
vival status every 8 weeks after treatment discontinuation until with-
drawal of consent, death, or the end of the trial. Adverse events (AEs)
were recorded as MedDRA (version 18.1) preferred terms and according
to the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE; version 4.0) from the time of informed consent
until 30 (67) days after the last treatment dose.

Sample size and statistical analysis

Statistical analyses were carried out using SAS
VR

Version 9.2, where
SELþDOC 60 and SELþDOC 75 groups were each compared with the
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PBOþDOC 75 group. Approximately 225 patients were planned to be
randomized between treatment groups to obtain �107 progression
events for each treatment comparison (174 events across all treatment
groups). In the analyses, a hazard ratio (HR)<1.0 favours SELþDOC,
and>1.0 favours PBOþDOC. If the true PFS HR was 0.6 (correspond-
ing to a 1.7 month improvement in median PFS over an estimate of
2.5 months for PBOþDOC 75), then 174 events would provide 80%
power to demonstrate a statistically significant difference for PFS, assum-
ing a 10% two-sided significance level. Assuming that all patients re-
cruited before the protocol amendment to enrol only patients with KRAS
wild-type tumours progressed before data cut-off, then 109 out of the
174 events observed at the time of data cut-off will be within the KRAS
wild-type subgroup. If the true HR for both comparisons versus placebo
is 0.6, this number of events will provide�62.5% power to demonstrate a
statistically significant difference for PFS within the KRAS wild-type sub-
group, assuming a 10% two-sided significance level.

Efficacy end points were analysed for all patient populations. PFS and
OS were analysed using a Cox proportional hazards model. ORR was as-
sessed by investigator assessment and analysed using a standard logistic

regression model. DoR and percentage change in tumour size from base-
line to week 6 were summarized.

Results

Patient disposition

Between 18 December 2012 and 6 November 2015, 337 patients

were enrolled at 55 centres across 8 countries. In total, 212 pa-

tients were randomized to SELþDOC 75 (n¼ 84), SELþDOC

60 (n¼ 85), or PBOþDOC 75 (n¼ 43), and 211 patients

received at least one dose of treatment (Figure 1). At the time of

data cut-off (27 January 2016) 189 patients (89%) had discontin-

ued selumetinib/placebo.

Patient demographics were well balanced between treatment

groups (Table 1). The majority of patients [146/212 (69%)] were

Enrolleda patients 
n = 337

SEL+DOC 60
n = 85

Received SEL+DOC 60
n = 84

SEL treatment discontinued n = 77
Subject decision  n = 9

AE n = 17
Condition under investigation 

worsened n = 47
Death n = 2
Other n = 2

DOC treatment discontinued n = 82
Subject decision n = 14

AE n = 14
Condition under investigation 

worsened n = 41
Maximum cycle of chemotherapy 

reached n = 8
Otherb n = 5

Excluded n = 125
Eligibility criteria not fulfilled n = 118

Subject decision n = 7

Patients randomized
n = 212

KRAS WT n = 146
KRASm n = 44

KRAS mutation unknown n = 22

SEL+DOC 75
n = 84

Received SEL+DOC 75
n = 84

SEL treatment discontinued n = 75
Subject decision n = 6

AE n = 21
Condition under investigation 

worsened n = 43
Death n = 3
Other n = 2

DOC treatment discontinued n = 81
Subject decision n = 10

AE n = 20
Condition under investigation 

worsened n = 26
Maximum cycle of chemotherapy 

reached n = 16
Otherb n = 9

PBO+DOC 75
n = 43

Received PBO+DOC 75
n = 43

PBO treatment discontinued n = 37
Subject decision n = 0

AE n = 3
Condition under investigation 

worsened n = 30
Death n = 3
Other n = 1

DOC treatment discontinued n = 41
Subject decision n = 0

AE n = 6
Condition under investigation worsened 

n = 16
Maximum cycle of chemotherapy 

reached n = 16
Otherb n = 3

Pre-screened patients 
n = 465

Excluded n = 128
Consent for KRAS mutation 

testing only

Figure 1. Randomization and treatment. Data cut-off 27 January 2016. aInformed consent received. bAny reason not specifically recorded.
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centrally confirmed KRAS wild-type, with the proportion of these

patients balanced between treatment groups. Of the remaining

patients, 44 (21%) were KRASm and 22 (10%) had an unknown

KRAS mutation status. Previous anti-cancer therapies were bal-

anced between treatment groups. The majority of patients [187/

212 (89%)] had received first-line doublet platinum therapies.

Efficacy

At data cut-off, 180 patients had experienced a progression event

(85% maturity): 75 (88%) patients receiving SELþDOC 60, 69

(82%) patients receiving SELþDOC 75, and 36 (84%) receiving

PBOþDOC 75. There was no statistically significant or clinically

meaningful improvement in PFS in either the SELþDOC 60 group

[HR 1.12, 90% confidence interval (CI) 0.8, 1.61; two-sided

P¼ 0.584], or the SELþDOC 75 group (HR 0.92; 90% CI 0.65,

1.31; two-sided P¼ 0.690), compared with the PBOþDOC 75

group in the overall population (Figure 2). Median PFS was

3.0 months with SELþDOC 60 (95% CI: 0.75, 1.72), 4.2 months

with SELþDOC 75 (95% CI: 0.61, 1.40), and 4.3 months with

PBOþDOC 75. The subgroup analyses for PFS in the overall

population were broadly consistent with results from the primary

analysis of PFS, except WHO PS (supplementary Figure S1, avail-

able at Annals of Oncology online). KRAS wild-type patients had

similar progression status to the overall population, with no im-

provement in PFS over the PBOþDOC 75 group with

SELþDOC 60 (HR: 1.37; 90% CI: 0.89, 2.14; two-sided P¼ 0.228)

or SELþDOC 75 (HR: 1.00; 90% CI: 0.65, 1.55; two-sided

P¼ 0.994). Due to the small number of patients with KRASm

NSCLC, efficacy end points were not analysed for this subgroup.

At data cut-off, 147 deaths had occurred (69% maturity). In the

overall population, there was no difference in OS between the

PBOþDOC 75 and SELþDOC 60 (HR 1.43, 90% CI: 0.97, 2.13),

or SELþDOC 75 groups (HR 1.18, 90% CI: 0.8, 1.78) (Figure 3).

Median OS was 5.7 months with SELþDOC 60, 7.7 months with

SELþDOC 75, and 11.5 months with PBOþDOC 75, with haz-

ard ratios for OS favouring the control arm. OS in the KRAS wild-

type subgroup was similar to the overall population when compar-

ing treatment groups between the two populations.

ORR in the overall population was 33% with SELþDOC 75,

18% with SELþDOC 60, and 14% with PBOþDOC 75, with a

similar trend observed in the KRAS wild-type population. The

improvement in ORR with SELþDOC 75 was numerically

higher when compared with PBOþDOC 75 in both the overall

Table 1. Baseline patient characteristics

Characteristic SEL 1 DOC 60
n 5 85

SEL 1 DOC 75
n 5 84

PBO 1 DOC
n 5 43

Total
n 5 212

Age, years
Mean (SD) 62.4 (8.5) 60.4 (9.4) 63.6 (7.8) 61.8 (8.8)
Median (range) 62 (41–84) 61 (38–79) 62 (47–76) 62 (38–84)

Age group (years), n (%)
<50 5 (6) 11 (13) 2 (5) 18 (9)

Sex, n (%)
Female 19 (22) 26 (31) 16 (37) 61 (29)
Male 66 (78) 58 (69) 27 (63) 151 (71)

Race, n (%)
White 80 (94) 78 (93) 41 (95) 199 (94)
Black or African American 5 (6) 5 (6) 0 10 (5)
Other 0 1 (1) 2 (5) 3 (1)

Ethnicity, n (%)
Hispanic or Latino 20 (24) 16 (19) 8 (19) 44 (21)
Non-hispanic or Latino 26 (31) 29 (35) 19 (44) 74 (35)
Unknowna 39 (46) 39 (46) 16 (37) 94 (44)

WHO PS
0 40 (47) 39 (46) 25 (58) 104 (49)
1 45 (53) 45 (54) 18 (42) 108 (51)

Smoking status, n (%)
Never 8 (9) 9 (11) 3 (7) 20 (9)
Current 24 (28) 20 (24) 11 (26) 55 (26)
Former 53 (62) 55 (66) 29 (67) 137 (65)

KRAS mutation status
Positive 15 (18) 19 (23) 10 (23) 44 (21)
No mutation detected 62 (73) 54 (64) 30 (70) 146 (69)
Unknown 8 (9) 11 (13) 3 (7) 22 (10)

aPatient did not consider themselves to belong to a specific ethnic group.
DOC, docetaxel; PBO, placebo; SD, standard deviation; SEL, selumetinib; WHO PS, World Health Organization Performance Status.
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population and KRAS wild-type patients, however, responses

were not durable (overall population OR: 3.26, 90% CI: 1.47,

7.95, P¼ 0.020; KRAS wild-type OR: 3.21, 90% CI: 1.22, 9.73,

P¼ 0.061).

Median DoR for the SELþDOC 60, SELþDOC 75, and

PBOþDOC 75 groups was 108, 136, and 183 days in the overall

population, and 133, 127, and 87 days in KRAS wild-type pa-

tients, respectively. Percentage change in target lesion size at week

6 from baseline was significantly improved in the SELþDOC 75

group compared with the PBOþDOC 75 group in the overall

population (P¼ 0.02), however, the median DoR was shorter at

136 and 183 days, respectively (Figure 4). No difference was

observed between the SELþDOC 60 and the PBOþDOC 75

groups (P¼ 0.21). There was no difference in percentage change

in target lesion size in the KRAS wild-type subgroup for either of

these comparisons. The DoR between SELþDOC 75 and

PBOþDOC 75 was comparable (133 and 127 days, respectively),

but a lower DoR was observed for the SELþDOC 60 group

(87 days).

Safety and tolerability

The majority of patients experienced at least one AE (Table 2),

and the frequency of AEs was similar between KRAS mutation

subgroups (not shown). The most frequent AEs across treatment

groups (supplementary Table S1, available at Annals of Oncology

online) were diarrhoea [41 (49%) patients in the SELþDOC 60

group; 38 (45%) in the SELþDOC 75 group; 13 (30%) in the

PBOþDOC 75 group], rash [23 (27%), 29 (35%), and 9 (21%)

patients, respectively], and oedema peripheral [17 (20%), 29

(35%), and 8 (19%) patients, respectively]. The most commonly

reported grade�3 AE was neutropenia (supplementary Table S1,

available at Annals of Oncology online). Serious AEs (SAEs) of

pneumonia and neutropenia were reported in each treatment
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Figure 2. Kaplan–Meier estimates of progression-free survival for the overall population (A) and the KRAS wild-type population (B).
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group, with pneumonia reported in 10 (12%), 4 (5%), and 1

(2%) patients and neutropenia reported in 1 (1%), 4 (5%), and 3

(7%) patients in the SELþDOC 60, SELþDOC 75, and

PBOþDOC 75 groups, respectively. Thirteen patients had a SAE

with an outcome of death, five of which were potentially related

to selumetinib and docetaxel (SELþDOC 60 [n¼ 2] haematem-

esis and haemoptysis; SELþDOC 75 [n¼ 3] chemical peritonitis

and two sepsis events). The mean actual treatment durations in

the SELþDOC 60, SELþDOC 75, and PBOþDOC 75 groups

were 91.1, 126.7, and 131.3 days, respectively. There was a similar

pattern observed in the KRAS wild-type subgroup.

Discussion

The phase II SELECT-2 trial explored the efficacy and safety of

selumetinib in combination with two different docetaxel doses.

The primary end point of PFS was not met, therefore the

hypothesis based on preclinical and clinical evidence that

SELþDOC provides a clinical benefit in patients with KRAS

wild-type advanced NSCLC was not confirmed.

Addition of selumetinib to docetaxel treatment did not im-

prove efficacy, which could be due to a large number of deaths in

the absence of disease progression in the combination cohorts.

This indicates the rapid progression of disease, which prevents

imaging and documentation of the disease, or the patient being

unable to undergo analytic procedures. Overall outcomes of this

trial were broadly similar to those observed in the phase III

SELECT-1 trial, in which patients received selumetinib 75 mg

b.i.d. or placebo plus docetaxel 75 mg/m2 on day 1 of every 21 day

cycle, which was conducted in parallel with a larger KRASm

NSCLC population [12]. The MEK inhibitor trametinib in com-

bination with docetaxel (75 mg/m2) in a phase I/Ib trial for pa-

tients with advanced NSCLC (n¼ 46), had preliminary efficacy

in terms of ORR in both KRASm and KRAS wild-type NSCLC,

exceeding expectations for either agent alone [13]. There was an
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Figure 3. Kaplan–Meier estimates of overall survival for the overall population (A) and the KRAS wild-type population (B).
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indication of cardiac toxicity in the trametinib plus docetaxel

combination, with two patients with a history of cardiovascular

conditions experiencing Grade 5 AEs of cardiac arrest (n¼ 1) and

cerebrovascular accident (n¼ 1) [13].

Safety data in the SELECT-2 trial were consistent with histor-

ical data for docetaxel, and the emerging safety profile of selume-

tinib [12]. To compensate for any potential selumetinib

augmented toxicity of docetaxel, as observed in the phase II trial

of the combination [8], one group received a lower dose of doce-

taxel (60 mg/m2). Safety findings were generally similar between

the selumetinib-containing treatment groups, and the adminis-

tration of prophylactic G-CSF resulted in a lower rate of neutro-

penia, severe neutropenia and febrile neutropenia compared with

the phase II combination trial [8]. Although SELECT-2 was not

powered for a comparison between the combination arms, data

suggest SELþDOC 60 did not improve tolerability of the
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Figure 4. Best change in tumour size and associated duration of response for the SELþDOC 60 (A), SELþDOC 75 (B) and PBOþDOC 75
(C) cohorts.
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combination and patients may have derived less clinical benefit

compared with those receiving SELþDOC 75. This is consistent

with a study for second-line advanced breast cancer that reported

a correlation between the dose of docetaxel and tumour response

[14].

As this trial took place during the period in which anti-cancer

immunotherapies were still in development, only three patients

had previously received immunotherapy; the majority had

received a first-line platinum-based chemotherapy regimen. As

the treatment landscape is changing, the emergence of immuno-

therapy means a limitation of the SELECT-2 trial is that the effi-

cacy and safety of SELþDOC following first-line

immunotherapy has not been assessed.

KRAS mutations are the most common oncogenic driver in

lung cancer, however, effective therapies have yet to be de-

veloped. Various mechanisms of RAS-ERK pathway activation,

independent of KRAS, could be potential novel targets for thera-

peutic development including NF1, B-RAF, and receptor tyrosine

kinases [7, 15]. A preclinical study using various model cell-lines

identified an MEK transcriptome signature [16], also found ex-

pressed in NSCLC tumour tissue samples, which is predictive of

sensitivity to selumetinib for an overlapping but distinct popula-

tion to that identified by KRASm testing [17]. This suggests there

could be KRAS wild-type subpopulations that may benefit from

MEK inhibitor treatment. BRAF inhibitors decrease activation of

the MEK-ERK pathway independently of RAS, and have been

investigated in BRAF mutant melanoma [18]. However, BRAF

inhibitors paradoxically cause activation of the MEK/ERK path-

way, primarily through CRAF activation, which consequently

diminishes the therapeutic efficacy [6]. Efficacy of MEK inhib-

ition may be compromised by relief of feedback inhibition that

occurs when the pathway is inhibited, and may result in reactiva-

tion of the pathway [19].

SELECT-2 did not demonstrate improved PFS in KRAS wild-

type patients, however, there were some patients with a long DoR

and�30% decrease baseline tumour size, for which there was no

common factor identified. Therefore, along with the outcomes of

the SELECT-1 trial in patients with KRASm NSCLC, the import-

ance of assessing novel biomarkers to identify patient subgroups

that may benefit from treatment with MEK inhibitors is high-

lighted. The combined outcome of the SELECT-1 and SELECT-2

trials demonstrates that selumetinib currently does not have a

role as a second-line treatment of patients with advanced

NSCLC.
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Table 2. Summary of adverse events
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AE category, n (%) SEL 1 DOC 60
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(n 5 84)

PBO 1 DOC 75
(n 5 43)

SEL 1 DOC 60
(n 5 61)

SEL 1 DOC 75
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PBO 1 DOC 75
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Any AE �CTCAE grade 3 50 (60) 53 (63) 23 (54) 37 (61) 30 (56) 14 (47)

Any SAEa 40 (48) 38 (45) 16 (37) 27 (44) 23 (43) 10 (33)
Any SAE causally related to SEL/PBOa 19 (23) 18 (21) 7 (16) 12 (20) 14 (26) 3 (10)
Any SAE causally related to DOCa 15 (18) 19 (23) 9 (21) 11 (18) 13 (24) 4 (13)
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