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Preface
Dear Colleagues,

According to an estimate by the World 
Health Organization, 1.37 million peo-
ple worldwide die of lung cancer every 
year. Both incidence and lung-cancer–
related mortality are substantial: to 
date, primary lung cancer remains the 
most common malignancy after non-
melanocytic skin cancer, and the global 
numbers of patients dying from it ex-
ceed those linked to any other malig-
nancy. 

However, profound changes have 
been a notable development with re-
spect to lung cancer over the last years. 
For one thing, shifts with regard to his-
tology can be observed across the 
globe. �e proportion of patients with 
small-cell lung cancer has been de-
creasing in frequency in many coun-
tries over the past two decades. Non-
small lung cancer has undergone 
transformation concerning the relative 
importance of its predominant sub-
types during the same period. In the 
USA, squamous cell carcinoma has de-
creased, while adenocarcinoma has in-

creased in both genders. Similar trends 
apply to European men, while in women, 
both squamous-cell carcinoma and ade-
nocarcinoma are currently on the rise. 

Of course, from a clinician’s point of 
view, therapeutic innovation is the more 
spectacular part of lung-cancer–related 
changes. Novel approaches address tar-
gets that are not con�ned to the tumour 
cell, which had been at the centre of 
treatment considerations for a long time. 
Once again, immunotherapy was a hot 
topic at the ESMO 2016 Congress that 
took place in Copenhagen from 7th to 
11th October. Renowned speakers pre-
sented four late-breaking abstracts on 
immunotherapeutic agents in advanced 
lung cancer at the second Presidential 
Symposium, which drew throngs of con-
gress attendees. �e results of these trials 
are presented in this publication, along 
with other �ndings in the �eld of immu-
notherapy. 

Meanwhile, research has been ongo-
ing with regard to druggable genetic ab-
errations within the tumour cell. Tyros-
ine kinase inhibitors like vandetanib and 
lenvatinib have shown promising clinical 
activity in RET-positive tumours, and 
convincing results were obtained with 
the next-generation ALK inhibitors ceri-
tinib, alectinib and brigatinib. Recent 

 insights into the EGFR landscape shed 
light on the re�ned use of EGFR-tar-
geted drugs. At the same time, patients 
with small-cell histology �nd them-
selves entitled to share in the bene�ts 
conferred by molecularly targeted 
 therapy. Aurora kinase A inhibition is a 
promising approach here, as is the 
 PD-L1 antibody atezolizumab. Finally, 
the disruption of tumour angiogenesis 
contributes to tailoring treatment to 
each patient’s needs. Individualised 
therapy has become a reality for the 
bene�t of a large number of present 
and future patients. 

Silvia Novello, MD, PhD,  
University of Turin, Italy
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Immune checkpoint inhibition: the picture is slowly 
completing itself 
 

KEYNOTE-024: first-line, 
PD-L1–enriched population

�e anti–PD-1 antibody pembrolizumab 
has been approved for treatment of pa-
tients with PD-L1–expressing, advanced 
NSCLC. �e KEYNOTE-024 study fo-
cused on the �rst-line comparison of 
pembrolizumab with platinum-doublet 
chemotherapy [1]. Chemotherapy regi-
mens comprised �ve options, two of 
which (pemetrexed plus carboplatin; 
pemetrexed plus cisplatin) were used 
with non-squamous non-small–cell 

lung cancer (NSCLC) only. In all, 305 pa-
tients were randomised across 142 sites 
in 16 countries. �e population was en-
riched for PD-L1 expression, as a key el-
igibility criterion was PD-L1 tumour 
proportion score (TPS) ≥ 50 % (i. e., PD-
L1 expression on at least 50 % of tumour 
cells). Approximately 20 % of patients 
had tumours with squamous histology. 

�e progression-free survival (PFS) 
obtained with pembrolizumab was sig-
ni�cantly greater than that with the plat-
inum-doublet chemotherapy, which 
translated into a risk reduction of 50 % 

(10.3 vs. 6.0 months; HR; 0.50; p < 0.001; 
Figure 1). PFS at 12 months was 48 % 
versus 15 % for patients with pembroli-
zumab and chemotherapy, respectively. 
Patients treated with pembrolizumab 
also experienced signi�cant OS bene�t 
despite 50 % total crossover from chem-
otherapy (HR, 0.60; p = 0.005). Median 
OS had not been reached in either arm. 
At 12 months, 70 % versus 54 % of the pa-
tients, respectively, were alive. Likewise, 
the con�rmed objective response rate 
(ORR) di�ered by 17 % in favour of pem-
brolizumab (45 % vs. 28 %; p = 0.0011). 
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Six complete responses were observed 
with the anti-PD-1 antibody. Despite 
longer exposure to pembrolizumab (7.0 
vs. 3.5 months), adverse event (AE) rates 
of all grades were lower in the experi-
mental arm. �e Data Monitoring Com-
mittee recommended stopping the trial 
because of this superior e�cacy with 
pembrolizumab. 

According to the authors, a PD-L1 
TPS ≥ 50 % is detected in approximately 
one third of patients with advanced 
NSCLC, and this identi�es those most 
likely to bene�t from anti-PD-1 therapy. 
Pembrolizumab should become a new 
standard of care as �rst-line therapy for 
advanced NSCLC with high levels of 
PD-L1 expression. 

Pembrolizumab plus 
chemotherapy: KEYNOTE-021

�ere is a rationale for combining 
chemotherapy and immunotherapy, as 
chemotherapy itself has several immu-
nological e�ects and can induce PD-L1 
expression on tumour cells. Clinical 
data in this area were provided by the 
multi-cohort phase I/II KEYNOTE-021 
trial that evaluated pembrolizumab-
based combination therapy for patients 
with advanced NSCLC [2]. �e patients 
in Cohort G of this study, who had un-
treated stage IIIB or IV non-squamous 
NSCLC, were randomised to either 
pembrolizumab 200 mg every 3 weeks 
for 2 years plus carboplatin and peme-
trexed (n = 60), or carboplatin plus 
pemetrexed only (n = 63). Pemetrexed 
maintenance therapy was permitted. 

�e objective response rate (ORR) 
according to blinded independent cen-

tral review, which was de�ned as the 
primary endpoint, was almost doubled 
with the addition of pembrolizumab to 
chemotherapy (55 % vs. 29 %; p = 0.0016; 
Figure 2). In the responding popula-
tion, the time to response was shorter in 
the experimental arm than in the con-
trol arm (1.5 vs. 2.7 months), and a 
higher percentage of patients showed 
ongoing responses in the experimental 
arm (88 % vs. 78 %). Of note, only two 
pembrolizumab-treated patients expe-
rienced primary progression of disease 
at the initial assessment of 6 weeks (i. e., 
3 % vs. 17 % in the control arm). �e 
ORRs were similar for PD-L1 expression 
of < 1 % and ≥ 1 % in the pembroli-
zumab arm. 

Progression-free survival favoured 
the pembrolizumab combination, and 
here the risk of progression or death was 
nearly halved, with PFS for pembroli-
zumab plus chemotherapy exceeding 1 
year (13.0 vs. 8.9 months; HR, 053; 
p = 0.0102). OS did not di�er between 

the two arms. At 6 months, 92 % of pa-
tients were alive with both treatment 
regimens. Grade 3/4 AEs were more fre-
quent with the pembrolizumab combi-
nation, but this did not translate into 
higher discontinuation rates. Overall, 
pembrolizumab in combination with 
carboplatin and pemetrexed appears to 
be an e�ective treatment option for pa-
tients with chemotherapy-naïve, ad-
vanced non-squamous NSCLC. 

OS improvement of 4 months 
with atezolizumab in OAK

�e anti–PD-L1 antibody atezolizumab 
showed superiority with regard to OS 
over docetaxel in patients with ad-
vanced NSCLC in the phase II POPLAR 
study [3, 4]. In the randomised phase III 
setting, the OAK trial compared atezoli-
zumab 1,200 mg every 3 weeks with 
docetaxel 75 mg/m2 every 3 weeks, in 
patients with locally advanced or meta-
static NSCLC who had received one or 
two prior lines of chemotherapy, in-
cluding at least one platinum-based 
regimen [5]. Patients were recruited re-
gardless of their PD-L1 expression sta-
tus. Crossover was not allowed. �e co-
primary endpoint consisted of OS in the 
ITT population and OS in patients with 
PD-L1 expression on ≥ 1 % of their tu-
mour cells (TCs) or immune cells (ICs). 
�e OAK data are the �rst phase III re-
sults obtained for a PD-L1–directed an-
tibody, with a total of 1,225 patients pro-
jected to be recruited into the study.

�e analysis of the �rst 850 patients 
showed that OAK met its co-primary 
endpoint. In the ITT population, ate-
zolizumab treatment was associated 
with signi�cant and clinically meaning-
ful OS bene�t (13.8 vs. 9.6 months; HR, 
0.73; p = 0.0003). �e survival curves 
separated early on, at 3 months, and re-
mained separated over time. At 18 
months, almost twice as many patients 
were alive in the atezolizumab arm as in 
the docetaxel arm (40 % vs. 27 %). A 
comparable OS bene�t was observed 
for the 55 % of the patient population 
with PD-L1 expression on ≥ 1 % of their 
TCs or ICs (TC1/2/3 or IC1/2/3) (15.7 vs. 
10.3 months; HR, 0.74, p = 0.0102). 
However, the subgroups of patients with 
no or minimal PD-L1 expression (< 1 %; 
TC0 and IC0) also bene�ted, with a sim-
ilar HR of 0.75 (12.6 vs. 8.9 months; 
p = 0.0205). �e greatest OS improve-

Figure 1: Progression-free survival in KEYNOTE-024: benefit obtained with pembrolizumab 
compared to chemotherapy

P
FS

 (%
)

Time (months)

0 3 6 12 159 18
0

20

40

60

80

100

Events Median HR P

   (n) (mo) (95 % CI)       

Pembrolizumab 73            10.3    0.50

Chemotherapy 116 6.0 (0.37–0.68)
< 0.001

48 %
15 %

Figure 2: Confirmed objective response rates in 
KEYNOTE-021
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ment occurred in the group with the 
highest PD-L1 expression (on ≥ 50 % of 
TCs or ≥ 10 % of ICs; TC3 or IC3), which 
made up 16 % of the total population. 
Here, the OS bene�t achieved with ate-
zolizumab treatment translated into 
59 % reduction in mortality risk (me-
dian OS, 20.5 vs. 8.9 months; HR, 0.41; 
p < 0.0001). 

As the forest plot for OS by PD-L1 ex-
pression shows (Figure 3), the HRs 
were comparable across all of the sub-
groups, except for those with the highest 
expression, where the patients experi-
enced even greater bene�t. �e OS ben-
e�t conferred by atezolizumab is further 
supported by the 17 % of patients who 
were randomised into the chemother-
apy arm who subsequently received im-
munotherapy. 

Additional analyses

As patients with both non-squamous 
and squamous histological subtypes 
were included in the OAK trial, the inves-
tigators also assessed the OS e�ects of 
the treatments in these subgroups. In 
both cohorts, the HRs were 0.73 in favour 
of atezolizumab. A similar OS advantage 
was seen across most subgroups irre-
spective of gender, age, ECOG perfor-
mance status, number of prior treatment 
lines, smoking history, and baseline CNS 
metastasis. �e only exception to this 
were patients with EGFR-activating mu-
tations, who did not bene�t from this 
treatment with the anti–PD-L1 antibody. 
�is phenomenon has already been ob-
served with other PD-L1 inhibitors. 

As in previous trials assessing immu-
notherapy, signi�cant PFS bene�t was 
only seen for the group of patients with 
the highest PD-L1 expression. Accord-
ingly, response rates only showed bene-
�t for atezolizumab in this high-expres-
sion subgroup. Generally, responses 
lasted considerably longer in the ate-
zolizumab arm than in the docetaxel 
arm (median duration of response for 
ITT population, 16.3 vs. 6.2 months). 
�is e�ect was seen across all of the PD-
L1 subgroups. 

In spite of the prolonged duration of 
therapy, atezolizumab was well toler-
ated. Grade 3/4 AEs were less frequent 
in the experimental arm, which also ap-
plied to AEs that led to withdrawal, dose 
modi�cation, delays or interruptions. 
Only musculoskeletal pain and pruritus 

occurred more frequently with atezoli-
zumab than with docetaxel; for all of the 
other AEs, the reverse was the case. Im-
mune-mediated AEs were reported with 
low incidence rates, at below 1 %. 

News from the pivotal 
pembrolizumab trial 

�e phase III KEYNOTE-010 study dem-
onstrated the e�cacy and safety of 
pembrolizumab in comparison with 
docetaxel in 1,034 previously treated pa-
tients with PD-L1–expressing, advanced 
NSCLC [6]. �is thus provided the basis 
for European approval of pembroli-
zumab for this indication. An updated 
analysis after six additional months of 
follow-up showed that OS continued to 
be superior with pembrolizumab 2 mg/
kg and 10 mg/kg compared to docetaxel 
in the TPS ≥ 50 % and ≥ 1 % populations 
[7]. PFS was similar to that previously 
observed, and responses continued to 
be durable. Overall, these �ndings con-
�rm pembrolizumab as a standard of 
care in patients with pre-treated, PD-
L1–expressing, advanced NSCLC.

Barlesi et al. assessed the e�ects of 
pembrolizumab and docetaxel on 
health-related quality of life in KEY-
NOTE-010 using the EORTC QLQ-C30, 
EORTC QLQ-LC13 and EuroQoL-5D-3L 
instruments [8]. For changes from base-
line to week 12, there were either nu-
meric or signi�cant improvements in the 
EORTC QLQ-C30 global health status/ 
quality of life scores for pembrolizumab 
compared to docetaxel. Compared with 
docetaxel, pembrolizumab also pro-
longed the time to deterioration for the 
EORTC QLQ-LC13 composite endpoint 

of cough, dyspnoea and chest pain. 
Along with results from the supportive 
patient-reported outcome analyses, 
these �ndings suggest that the patient 
health-related quality of life and symp-
toms were maintained or improved to a 
greater degree with pembrolizumab 
than with docetaxel in this population. 

Two-year data: CheckMate 017 
and 057

Nivolumab is a standard of care for pre-
viously treated NSCLC patients based 
on the results of the global, randomised, 
open-label, phase III CheckMate 017 
and 057 trials. In both studies, 
nivolumab signi�cantly prolonged OS 
compared with docetaxel in previously 
treated patients with squamous NSCLC 
(CheckMate 017) [9] or with non-squa-
mous NSCLC (CheckMate 057) [10]. 

�e updated e�cacy and safety data 
after ≥ 2 years of follow-up were pre-
sented at the ESMO Congress [11]. 
�ese showed that in both trials, the im-
proved OS rates for nivolumab over 
docetaxel remained consistent from 
year 1 to year 2. Among responders, ap-
proximately one third of the nivolumab-
treated patients (but none of the doc-
etaxel-treated patients) had ongoing 
responses. Durable responses occurred 
regardless of PD-L1 expression levels. 
No new safety signals were identi�ed for 
nivolumab therapy. Treatment-related 
selected AEs were managed using pro-
tocol-de�ned toxicity management al-
gorithms, and these were resolved in 
the majority of patients. 

Reck et al. presented data on the im-
pact of nivolumab versus docetaxel on 

Figure 3: OAK trial: OS according to PD-L1 expression for atezolizumab and docetaxel
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the overall health status of the patients 
treated in CheckMate 057 [12]. Both the 
EQ-5D VAS and the Lung Cancer Symp-
tom Scale indicated better preservation 
of health status, health-related quality 
of life, and symptom control with 
nivolumab compared to docetaxel. 
Also, both of these assessments hinted 
at relative improvements in patient-re-
ported outcomes for nivolumab over 
docetaxel, and suggested that the onset 
of the bene�t occurred prior to the sep-
aration of the survival curves, which 
again favoured nivolumab. 

Hardly any first-line benefits in 
CheckMate 026

Negative results were obtained for �rst-
line nivolumab in patients with stage IV 
or recurrent PD-L1–positive NSCLC. 
�e open-label, international, phase III, 
CheckMate 026 study compared �rst-
line nivolumab with platinum-based 
doublet chemotherapy in this popula-
tion [13]. PD-L1 expression of ≥ 1 % was 
mandatory. Crossover to nivolumab in 
the case of progression was optional. 
�e results for the primary endpoint, 
which was PFS by independent radio-
logical review in the ≥ 5 % PD-L1–posi-
tive population, did not di�er signi�-
cantly between the two regimens (4.2 vs. 
5.9 months, for nivolumab and chemo-
therapy, respectively). �is also applied 
to OS (14.4 vs. 13.2 months). Progressive 
disease was more common in the 
nivolumab arm (27.5 % vs. 9.9 %), but 
when responses were seen, they lasted 
more than twice as long with nivolumab 
than in the chemotherapy-treated pop-
ulation (12.1 vs. 5.7 months). 

In general, the subgroups mirrored 
the overall study population. Whereas 
patients with squamous histology ap-
peared to fare better with regard to PFS 
and OS when treated with nivolumab, 
the opposite appeared to be the case for 
the non-squamous population; how-
ever, de�nite conclusions cannot be 
drawn due to the overlapping con�-
dence intervals. �e CheckMate 227 
trial continues to evaluate the role of 
nivolumab as monotherapy and in com-
bination with ipilimumab or standard 
chemotherapy in the �rst-line setting of 
stage IV or recurrent NSCLC. 

Neoadjuvant use of nivolumab

Preliminary, but aspirational, data have 
been generated with neoadjuvant 
nivolumab in a trial that enrolled 18 pa-

tients with newly diagnosed, resectable 
stage I (> 2 cm)/II/IIIA NSCLC [14]. �e 
rationale for neoadjuvant use of anti–
PD-1 strategies in early-stage NSCLC re-
sults from the fact that stage I to III 
NSCLC, albeit considered early-stage 
disease, has poor prognosis, and only 
modest bene�ts are seen with adjuvant 
chemotherapy. Nivolumab was admin-
istered at a dose of 3 mg/kg at 4 weeks 
and 2 weeks prior to surgical resection. 
�e primary endpoint was safety and 
tolerability. Exploratory endpoints in-
cluded various correlative analyses of 
blood and the tumour, as well as other 
clinical outcome parameters, such as 
pathological response. 

�ese two neoadjuvant doses of 
nivolumab did not delay or interfere 
with the surgical resection in any of the 
patients. According to exploratory anal-

1 Reck M et al., KEYNOTE-024: pembrolizumab 
vs platinum-based chemotherapy as first-line 
therapy for advanced NSCLC with a PD-L1 TPS 
≥50 %. ESMO 2016, abstract LBA8_PR
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NSCLC: KEYNOTE-021 cohort G. ESMO 2016, 
LBA46_PR
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docetaxel for patients with previously treated 
non-small-cell lung cancer (POPLAR): a multi-
centre, open-label, phase 2 randomised con-
trolled trial. Lancet 2016; 387(10030):1837-46
4 Smith DA et al., Updated survival and bio-
marker analyses of a randomized phase II study 
of atezolizumab vs docetaxel in 2L/3L NSCLC 
(POPLAR). J Clin Oncol 34, 2016 (suppl; abstr 
9028)
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randomized phase III study comparing atezoli-
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Figure 4: Pathological responses in tumours of 17 patients with early NSCLC after neoadjuvant 
administration of two nivolumab doses
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yses of the responses, 22 % of the pa-
tients had radiographic response, and 
seven patients showed pathological 
down-staging from the pre-treatment 
clinical stage. Major pathological re-
sponse was de�ned as < 10 % residual 
viable tumour cells at resection. One of 
the seven patients with a major patho-

logical response experienced a patho-
logical complete response (Figure 4). 
�e tumours of these patients showed 
immune cell in�ltration. Toxicity was 
consistent with the safety pro�le ob-
served in other studies with nivolumab, 
and the treatment was well tolerated. 
One third of patients experienced treat-

ment-related AEs of any grade, but 
there was only one grade 3/4 AE. Com-
prehensive studies on aspects such as 
genomics and functionality of tumour-
in�ltrating lymphocytes are ongoing, 
and larger follow-up clinical studies are 
planned. n

Next-generation ALK inhibitors excel after crizotinib failure
 

ALK fusion-gene–positive lung cancer 
occurs in approximately 5 % of patients 
with advanced NSCLC [1]. �e ALK in-
hibitor crizotinib demonstrates signi�-
cant initial e�cacy in patients with 
ALK-positive advanced NSCLC. 

However, most patients eventually 
develop resistance, with the central 
nervous system (CNS) being one of the 
most common sites of �rst progression. 
Approximately half of these patients 
develop CNS metastases during crizo-
tinib treatment. Next-generation ALK 
inhibitors represent e�cacious options 
for patients who have progressed on 
 crizotinib. 

ASCEND-5

Ceritinib is a next-generation ALK in-
hibitor with 20-fold greater potency 
than crizotinib [2]. Anti-tumour e�ects 
of ceritinib in pre-treated patients were 
demonstrated in the ASCEND-1 and 
ASCEND-2 trials [3–5]. In ASCEND-2, 
ceritinib treatment promoted durable 
responses in an ALK-positive NSCLC 
population that had progressed on 
chemotherapy and crizotinib, including 
patients with brain metastases [5]. 

At the ESMO Congress, Scagliotti et 
al. presented the con�rmatory phase III 
ASCEND-5 study, which compared ce-
ritinib with second-line chemotherapy 
in the crizotinib-pretreated setting [6]. 
In this global, randomised, open-label 
trial, a total of 231 patients with locally 
advanced or metastatic ALK-positive 

NSCLC were randomised at 99 sites in 
20 countries. Prior to study entry, they 
had received one or two chemotherapy 
regimens for advanced disease, as well 
as crizotinib (at any time). �e treat-
ment consisted of either ceritinib 750 
mg/day or chemotherapy with peme-
trexed or docetaxel. PFS was de�ned as 
the primary study endpoint. In each 
arm, more than half of the patients had 
metastatic brain disease, and radiother-
apy had been administered to the CNS 
in one third of these cases. 

Ample benefits with ceritinib 
treatment

This ALK inhibitor therapy proved 
highly e�cient, promoting statistically 
signi�cant and clinically meaningful 
improvement in PFS according to the 
blinded independent review committee 
(BIRC; 5.4 vs. 1.6 months; HR, 0.49; p < 
0.001). �is e�ect was robust and con-
sistent across a number of subgroups. 
Clinical bene�t was further supported 
by ORR (39.1 % vs. 6.9 %) and DCR 
(76.5 % vs. 36.2 %). OS data were imma-
ture at the data cut-o�. �e safety pro�le 
matched the observations in prior ceri-
tinib studies, which featured primarily 
diarrhoea, nausea, vomiting, and 
transaminase elevation. 

�e analysis of patient-reported out-
comes showed that compared with 
chemotherapy, ceritinib signi�cantly 
improved lung-cancer speci�c symp-
toms and overall health status. While 

the majority of symptoms assessed with 
the QLQ-C30 questionnaire improved 
with ceritinib treatment, some deterio-
ration was observed with the ALK inhib-
itor according to two scales for gastroin-
testinal symptoms (i.e., diarrhoea, 
nausea and vomiting). �e authors con-
cluded that these results establish ceri-
tinib as a preferred treatment option in 
patients with crizotinib-resistant ALK-
positive NSCLC. 

Long-term follow-up of 
ASCEND-3: remarkable 
findings

Felip et al. presented the long-term fol-
low-up of the global, phase II, single-
arm, open-label ASCEND-3 study, 
which assessed ceritinib in 124 patients 
with metastatic ALK-positive NSCLC 
who had received no prior ALK inhibi-
tor treatment [7]. �ey were either 
chemotherapy-naïve (although only 
two patients) or had been treated with 
up to three lines of chemotherapy and 
had experienced progression during or 
after the last chemotherapy regimen. 
Asymptomatic or neurologically stable 
brain metastases at baseline were al-
lowed. Forty percent of patients had 
brain lesions at study entry; local radio-
therapy had been applied in 53.1 %. �e 
primary endpoint was ORR according to 
the investigator.

After a median follow-up of 25.9 
months, 48.4 % of patients remained on 
treatment. With regard to whole-body 
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e�cacy, the analysis yielded robust 
ORR �ndings of 67.7 % according to the 
investigator, and 63.7 % according to the 
BIRC (Table). Decreases in tumour bur-
den from baseline occurred in 94.7 % of 
patients. Disease control was obtained 
in 90.3 % and 86.3 % according to the in-
vestigator and the BIRC, respectively. 
�e study revealed remarkable results 
with regard to median PFS (16.6 and 
18.4 months according to the investiga-
tor and the BIRC, respectively) and OS: 
at 24 months, 67.5 % of the patients were 
alive, and median OS had not been 
reached yet. Ceritinib also showed ac-
tivity in patients with brain metastases. 
�ose with CNS lesions at baseline 
achieved a whole-body ORR of 57.1 % 
and a median PFS of 10.8 months. Over-
all intracranial responses were obtained 
in 61.5 %. 

Updated patient-reported outcomes 
at a follow-up of up to 29 cycles were 
consistent with those previously re-
ported. �e patients showed improve-
ments in symptoms burden from base-
line with a mean change in the overall 
Lung Cancer Symptom Scale score that 
ranged from -3.39 to -14.83. Quality of 
life was maintained on treatment. 

Alectinib: update on pivotal data

�e highly selective and potent oral ALK 
inhibitor alectinib has been approved by 
the FDA for the treatment of patients 
who have progressed on, or are intoler-
ant to, crizotinib. Two pivotal phase II 
studies, the global NP28673 trial and the 
North American NP28761 trial, formed 
the basis of this approval [8–11]. �ey 
enrolled a total of 225 previously treated 
patients with locally advanced or meta-
static ALK-positive NSCLC, who had 
progressed after prior crizotinib treat-
ment. All patients received alectinib 600 
mg orally twice daily. 

�e updated safety and e�cacy anal-
ysis of the NP28673 study was presented 
at ESMO 2016, and these demonstrated 
robust e�cacy and good tolerability of 
alectinib, both systemically and in the 
CNS [12]. ORR in response-evaluable 
patients was 50.8 % according to the in-
dependent review committee. Chemo-
therapy-naïve patients bene�ted to a 
greater extent than those who had re-
ceived prior chemotherapy (ORR, 73.1 % 
and 44.8 %, respectively). DCR was 
78.7 % in response-evaluable individu-
als. Median PFS was 8.9 months in the 

intention-to-treat population, and me-
dian OS was 26.0 months. �e patients 
with measurable CNS disease at base-
line had a CNS ORR of 58.8 %. 

An exploratory analysis assessed the 
time to response in both NP28673 and 
NP28761 [13]. Determination of how 
rapidly patients can bene�t from alec-
tinib was rated as important for both 
symptomatic patients and patients at the 
point of developing symptoms, particu-
larly within the CNS. In addition, rapid-
ity of response is of relevance for those 
with active CNS disease, as an area of 
high unmet medical need. �e �ndings 
showed that alectinib therapy can 
achieve a rapid response. Most patients 
in all populations showed a RECIST re-
sponse by the �rst assessment (8 weeks 
in NP28673, and 6 weeks in NP28761). 
�is also applied to time to CNS re-
sponse in patients with measurable 
and/or non-measurable CNS disease at 
baseline, irrespective of prior radiother-
apy. Further investigation into the early 
clinical bene�t (<6 weeks) is warranted, 
to evaluate alectinib for initial treatment 
of CNS metastases, with the potential for 
sparing radiation therapy. 

Substantial anti-tumour 
activity of brigatinib

An ongoing phase I/II, single-arm, mul-
ticenter dose-escalation, dose-expan-
sion trial is evaluating the investiga-
tional next-generation ALK inhibitor 
brigatinib in patients with advanced 
malignancies, which includes 79 ALK-
positive NSCLC patients. Ninety percent 
of them had received prior crizotinib 
therapy. 

Updated data on the activity and 
safety of brigatinib in ALK-positive 
NSCLC patients after a median time on 
treatment of 20 months showed that tu-
mour reductions with brigatinib were 
obtained in almost all of the cases [14]. 
�irty-three percent of 72 evaluable pa-
tients had a 100 % decrease in target le-
sions. �e con�rmed ORR amounted to 
62 % with all doses of brigatinib. One-
hundred percent of crizotinib-naïve pa-
tients achieved con�rmed objective re-
sponses, including three complete 
remissions. Disease control was 
achieved in 87 %. Median PFS had not 
yet been reached in the crizotinib-naïve 
population, and was 12.9 months in pa-
tients after prior crizotinib. For OS, the 

TABLE  

Whole-body efficacy observed with ceritinib in the ASCEND-3 study, 
according to the investigator and the blinded independent review 
committee (BIRC)

Investigator BIRC

ORR, n (%) 84 (67.7) 79 (63.7)

Best overall response, n (%)

CR 1 (0.8) 1 (0.8)

PR 83 (66.9) 78 (62.9)

SD 27 (21.8) 20 (16.1)

Non-CR/non-PD* 1 (0.8) 8 (6.5)

PD 5 (4.0) 9 (7.3)

Unknown 7 (5.6) 8 (6.5)

DCR (CR + PR + SD + non-CR/non-PD*), n (%) 112 (90.3) 107 (86.3)

Median DOR, months 22.1 23.9

Estimated 18-month DOR rate, % 55.7 60.4

Median PFS, months 16.6 18.4

Estimated 18-month PFS rate, % 49.1 51.7

Median OS Not yet reached at data cut-off

* Includes patients who did not have target lesions at baseline per BIRC assessment and who qualify for neither CR nor progressive 
disease.
BIRC, blinded independent review committee; ORR, objective response rate; CR, complete response; PD, progressive disease; PR, partial 
response; SD, stable disease; DOR, duration of response
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Figure: Overall survival obtained with brigatinib (ITT population)
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1-year rates were 100 % and 77 % for 
these two groups, respectively (Figure). 
According to the analysis of patients 

with brain metastases (n = 50), brig-
atinib was highly active in the CNS. �e 
intracranial ORR was 67 % in patients 

with measurable baseline disease. Most 
common treatment-emergent adverse 
events were nausea, fatigue, diarrhoea, 
headache and cough.

�e results from this phase I/II study 
support further evaluation of brigatinib 
at 90 mg/day and 180 mg/day. �e in-
ternational, randomised, dose-evalua-
tion ALTA trial showed that brigantinib 
has potential as a new treatment option 
in the crizotinib-resistant setting [15]. A 
randomised phase III trial of brigatinib 
versus crizotinib has been initiated in 
ALK inhibitor-naïve patients with ad-
vanced ALK-positive NSCLC (ALTA-1L; 
NCT02737501).  n
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“Targeting angiogenesis can prolong life” 
 

Interview: Anders Mellemgaard, MD, PhD, Clinical Associate Professor, Department of Oncology, Herlev University Hospital, Copenhagen, Denmark

How important is anti-angiogenesis in 
the treatment concept of lung cancer? 
Angiogenesis is a very important driver 
for cancer progression. Some cancers 
are particularly dependent on the de-
velopment of new vasculature in order 
to grow and metastasise. Targeting the 
vasculature is therefore very useful. 

Anti-angiogenic compounds are availa-
ble, such as bevacizumab, which is used 
primarily in �rst-line treatment, but 
now we also have second-line drugs 
that are applied together with chemo-
therapy, thus improving its e�cacy. 
When the anti–VEGFR-2 antibody ra-
mucirumab and the triple angiokinase 

inhibitor nintedanib are added to a 
common chemotherapeutic agent like 
docetaxel, they can actually improve 
OS. �ere are di�erences in terms of ad-
ministration and toxicity pro�les be-
tween these two compounds, but they 
are also a proof of concept that targeting 
angiogenesis is important, and that it 
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in the group who only showed progres-
sive disease as best response or who 
were chemo-refractory in the �rst-line 
setting. In my opinion, the time interval 
from �rst-line to second-line therapy is 
therefore quite important for the selec-
tion of treatment. �is has to be consid-
ered when discussing the further 
courses of action with the patient. Im-
munotherapy might be the best option 
if the interval is long, and antiangio-
genic compounds are preferable if the 
interval is short. 

can prolong the life of patients with met-
astatic lung cancer. 

Where do you see anti-angiogenic 
drugs in the future, considering the 
plethora of new treatments, such as 
immunotherapies?
�at is a good question, because when 
everybody was thinking ahead two 
years ago, I do not think anybody antic-
ipated that today we would be talking 
about immunotherapies that much. 
However, I believe that what we need to 
realize is that any cancer, and this is cer-
tainly true for lung cancer, has many 
subgroups that di�er from a biological 
point of view. Some of these are amena-
ble to immunotherapy, while for others, 
other kinds of therapy are more suita-
ble. It appears that in the case of rapid 
progression after �rst-line therapy, im-
munotherapies do not work too well. In 
the CheckMate 057 trial [1], nivolumab 
was most e�ective in patients with a 
longer time interval since their last prior 
treatment. On the other hand, an analy-
sis of the LUME-Lung 1 study showed 
that the OS e�ect of nintedanib plus 
docetaxel was stronger in patients who 
had experienced a shorter disease-free 
interval after �rst-line treatment  (Table) 
[2]. �ere was a pronounced OS bene�t 

Anders Mellemgaard, MD, PhD
Clinical Associate Professor, Department of 
Oncology, Herlev University Hospital, 
Copenhagen, Denmark

Are there any biomarkers for anti-an-
giogenic drugs in the molecular sense 
yet?
Research is still ongoing to identify bio-
markers, but thus far there are no classi-
cal markers in the sense of parameters 
that can be tested in the laboratory. �e 
problem is that angiogenesis is a normal 
function of the body and is just up-reg-
ulated in cancers. We cannot look for bi-
omarkers in the cancer cell itself, be-
cause the cell is not involved in the 
mechanism of action of these agents, 
but rather the tumour microenviron-
ment. What we do have is a clinical 
marker, which is the interval from �rst-
line to second-line therapy.  n
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TABLE  

Overall survival for the adenocarcinoma population with nintedanib plus docetaxel vs. placebo plus docetaxel 
according to time from first-line therapy

OS with nintedanib plus 
docetaxel (months)

OS with placebo plus 
docetaxel (months)

OS difference 
(months) HR P-value

All patients 12.6 10.3 2.3 0.83 0.0359

Time from start of first-line therapy*

< 9 months 10,9 7.9 3.0 0.75 0.0073

< 6 months 9.5 7.5 2.0 0.73 0.0327

Early progressors

Chemorefractory patients** 9.1 6.9 2.2 0.72 0.0456

PD-FLT 9.8 6.3 3.5 0.62 0.0246

Time from end of first-line therapy*

< 3 months 11.0 8.0 3.0 0.74 0.0120

3–6 months 12.0 10.6 1.4 0.84 0.3768

> 6 months 18.2 15.8 2.4 0.94 0.7321

≤ 6 months 11.3 8.2 3.1 0.75 0.0047

* Information on the time since first-line therapy was missing for 7 adenocarcinoma patients (4 in the nintedanib arm and 3 in the placebo arm).
** Defined as patients with adenocarcinoma who were randomised within 5 months from start of first-line therapy; this cut-off was based on approximate 
median PFS and 95% CIs of standard first-line chemotherapy from published studies. 
PD-FLT, progressive disease as best response to first-line therapy
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EGFR-targeted therapy: at the right time in the right patient
 

failure (TTF; HR, 0.73; p = 0.007) [4]. 
Correspondingly, ORR was signi�cantly 
superior in the afatinib arm (p = 0.008). 

LUX-Lung 7: OS analysis and 
other updated outcomes

At the ESMO Congress, Paz-Ares et al. 
presented the primary OS analysis of 
LUX-Lung 7, which yielded a di�erence 
of 3 months between these two TKIs in fa-
vour of afatinib (27.9 vs. 24.5 months), al-
though this di�erence did not reach sta-
tistical signi�cance (HR, 0.86; p = 0.2580) 
[5]. Most of the prespeci�ed subgroups 
derived greater OS bene�t from afatinib 
than ge�tinib. �e median OS for afatinib 
was similar across the age subgroups. 
Also, the OS analyses by mutation sub-
type favoured afatinib in patients with 
both deletion 19 and the L858R mutation, 
although without reaching statistical sig-
ni�cance. Forty-six percent in the afatinib 
arm and 56 % in the ge�tinib arm re-
ceived subsequent EGFR TKI therapy. In 
those treated with a subsequent third-
generation EGFR TKI, median OS was 
similar for afatinib and ge�tinib. 

�e updated results on PFS and ORR 
were consistent with the initial data. 
Relative to ge�tinib, afatinib signi�-
cantly improved PFS (11.0 vs. 10.9 
months; HR, 0.74; p = 0.0178; Figure) 
and ORR (73 % vs. 56 %; p = 0.002). At 24 
months, PFS rates were 16.0 % versus 

7.3 %. In patients with the L858R muta-
tion, ORR signi�cantly favoured afatinib 
(69 % vs. 42 %; p = 0.003), while in those 
with deletion 19, afatinib gave rise to a 
numerical ORR advantage (75 % vs. 
66 %; p = 0.150). AEs were predictable 
and manageable, with both TKIs show-
ing equally low rates of treatment dis-
continuation. Updated quality-of-life 
data remained similar between the 
arms. �e investigators concluded that 
the overall data, which were largely pos-
itive across multiple clinically relevant 
endpoints, suggest that afatinib is a 
more e�ective treatment option than 
ge�tinib in the �rst-line setting. 

TTF in LUX-Lung 7

Schuler et al. reported results for the co-
primary endpoint of time to treatment 
failure (TTF), which was chosen to re-
�ect real-world clinical practice and 
treatment guidelines [6]. TTF was de-
�ned as the time from randomisation to 
the time of treatment discontinuation 
for any reason, including disease pro-
gression, treatment toxicity, and death. 
Patients could remain on treatment be-
yond progression if deemed bene�cial 
by the physician. �irty-�ve percent of 
patients in the afatinib arm and 29.6 % 
of those in the ge�tinib arm who ob-
tained clinical bene�t continued their 
TKI treatment beyond radiological pro-
gression, for median durations of 2.7 
and 2.0 months, respectively. 

In the overall LUX-Lung 7 popula-
tion, afatinib provided superior TTF 
compared to ge�tinib (13.7 vs. 11.5 
months; HR, 0.73; p = 0.0073). �ese 
TTF bene�ts were generally consistent 
across the prespeci�ed subgroups (i.e., 
type of EGFR mutation, presence of 
brain metastases, baseline ECOG per-
formance status, gender, age, ethnicity, 
smoking history). Signi�cantly greater 
percentages of patients in the afatinib 
arm were free of treatment failure at 24 
months (25 % vs. 13 %) and at 30 months 
(15 % vs. 5 %).” 

�ese results are complementary to 
the PFS and ORR �ndings in LUX-Lung 7. 
According to the authors, improved TTF 

Approximately 11 % of Caucasian pa-
tients with NSCLC have tumours that 
harbour EGFR mutations [1], which oc-
cur in exons 18, 19, 20 and 21 of the 
EGFR gene. Common mutations in-
clude exon 19 in-frame deletions and 
the exon 21 Leu858Arg point mutation 
(L858R) [2]. Exon 20 insertions are 
known to mediate resistance [3]. Little 
data are available for the other more un-
common mutations. 

�e activating EGFR mutations sen-
sitise lung tumours to EGFR tyrosine ki-
nase inhibitor (TKI) therapies. �e irre-
versible ErbB family blocker afatinib 
and the reversible EGFR TKIs ge�tinib 
and erlotinib have been approved for 
�rst-line therapy of patients with ad-
vanced, EGFR-mutation–positive 
NSCLC. �e phase IIb LUX-Lung 7 study 
is the �rst prospective, global, ran-
domised trial to compare two EGFR-di-
rected therapies (afatinib, ge�tinib) in a 
head-to-head manner in this setting. A 
total of 319 patients with EGFR-mu-
tated, stage IIIB/IV adenocarcinoma of 
the lung who had not received any prior 
treatments for advanced or metastatic 
disease were randomised to either 
afatinib 40 mg/day or ge�tinib 250 mg/
day. According to the primary analysis, 
when compared to ge�tinib, afatinib 
signi�cantly improved the co-primary 
endpoints of PFS (hazard ratio [HR], 
0.73; p = 0.017) and time to treatment 

Figure: Progression-free survival according to independent data review with afatinib versus gefitinib in 
LUX-Lung 7
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with afatinib testi�es to its general toler-
ability and the manageability of the asso-
ciated AEs, and suggests that this drug 
can confer additional clinical bene�t in 
patients who continue treatment beyond 
radiological disease progression. 

VeriStrat® stratification of 
afatinib-treated patients

�e phase III, global, open-label, LUX-
Lung 8 study compared afatinib with er-
lotinib in patients with stage IIIB/IV 
squamous-cell NSCLC who had pro-
gressed after �rst-line platinum-doublet 
chemotherapy. In this trial, afatinib sig-
ni�cantly improved OS, PFS and disease 
control rate (DCR) compared to erlo-
tinib [7]. 

Goss et al. evaluated the predictive 
value of the VeriStrat® serum protein test 
in LUX-Lung 8, using OS as the primary 
e�cacy variable [8]. VeriStrat® can be 
used to identify patient responses to 
their tumour by measuring several 
acute-phase reactant proteins in the 
blood. �is test categorises patients ac-
cording to a distinct classi�cation algo-
rithm that distinguishes between ‘good’ 
(VS-G) and ‘poor’ (VS-P). Clinical out-
comes were analysed with respect to the 
patient VeriStrat® status in the overall 
population and in the pre-de�ned sub-
groups. Results were obtained for 675 
patient samples. Of these, 412 and 263 
fell into the VS-G and VS-P categories, 
respectively. 

�e VeriStrat® test was shown to have 
a strong independent strati�cation ef-
fect with these afatinib-treated patients. 
In the VS-G group, as compared to erlo-

tinib, afatinib gave rise to signi�cant im-
provements in OS (11.5 vs. 8.9 months; 
HR, 0.79) and PFS (3.3 vs. 2.0 months; 
HR, 0.73). In the VS-P group, on the 
other hand, the OS and PFS did not dif-
fer signi�cantly between these two TKIs. 
�e patients who received afatinib ex-
perienced signi�cant OS and PFS bene-
�ts based on the VS-G group versus the 
VS-P group (p < 0.0001 for each). Multi-
variate analysis showed that VeriStrat® 
was an independent predictor of OS and 
PFS in these afatinib-treated patients, 
regardless of ECOG performance status, 
best response to �rst-line therapy, eth-
nicity, and age. However, there was no 
significant interaction between the 
 VeriStrat® classi�cation and treatment 
group for OS or PFS. 

Real-world evidence for 
afatinib in later lines

�e named patient use (NPU) pro-
gramme, which was initiated in May 
2010, provides real-world evidence of 
afatinib use in global clinical practice 
[9]. Eligibility criteria included ad-
vanced or metastatic NSCLC, progres-
sion after clinical bene�t on erlotinib/ 
ge�tinib and/or presence of an activat-
ing EGFR/HER2 mutation, exhaustion 
of all other treatment options, and inel-
igibility for actively recruiting afatinib 
trials. 

As of January 2016, data were availa-
ble for 3,966 NSCLC patients from 41 
countries across six continents. �e pa-
tients were heavily pre-treated. Approx-
imately 50 % received afatinib as their 
fourth or later lines. 

Median TTF was 4.4 months for all of 
these patients for whom the data were 
available. Similar TTF �ndings were 
seen for patients with any EGFR muta-
tion, common or uncommon EGFR mu-
tations, and HER2 mutations. �e ORR 
was 23.4 % for all of the patients, with a 
DCR of 67.8 % (Table 1). Of note, the pa-
tients with any EGFR mutation and 
those with common and uncommon 
EGFR mutations showed similar ORRs. 
Response rates of 19 % and 35 % were 
seen for the patients with NSCLC har-
bouring the T790M and exon 20 inser-
tion mutations, respectively. No new or 
unexpected safety �ndings were ob-
served in the NPU programme. 

Effects in patients with 
leptomeningeal disease

�e central nervous system (CNS) is a 
common site of recurrence in patients 
with NSCLC, probably owing to the low 
penetration of agents into the CNS. Cer-
ebrospinal �uid (CSF) concentration 
rates of the EGFR TKIs ge�tinib and er-
lotinib were found to be low [10]. How-
ever, the combined analysis of patients 
with brain metastases in the LUX-Lung 
3 and 6 trials suggests that afatinib 
works in the brain [11].

As Tamiya et al. noted in their pro-
spective multi-centre trial including 11 
patients with EGFR-positive NSCLC and 
leptomeningeal carcinomatosis [12], 
treatment with afatinib at the recom-
mended daily dose of 40 mg shows a 
higher median cerebrospinal fluid 
(CSF) penetration rate than previously 
reported. �e median blood and CSF 
levels were 88.2 ng/mL and 1.4 ng/mL, 
respectively, and the median CSF pene-
tration rate was 1.65 %. Overall, median 
PFS and OS were 2.0 and 3.8 months, re-
spectively. Particularly patients har-
bouring uncommon EGFR mutations 
appeared to bene�t from afatinib with 
regard to clinical outcomes.

IMPRESS: gefitinib 
continuation has detrimental 
effects

After progression on EGFR TKI therapy, 
the continuation of this treatment in 
combination with platinum-based dou-
blet chemotherapy was suggested to be 
bene�cial because of potential tumour 
heterogeneity at the time of resistance. 

TABLE 1 

Tumour responses obtained with afatinib in pre-treated patients 
participating in a global named patient use programme

Population N (%)

Patients with available data1 2,862 (72.22)

Patients with response assessment reported 1,141 (39.93)

- CR 7 (0.64)

- PR 260 (22.84)

- MR 8 (0.74)

- SD 506 (44.44)

- PD 360 (31.64)

DCR5 773 (67.84)

1 Same subset as for TTF; 2 Percentage of the total 3,966 patients; 3 Percentage of the subset with TTF reported;  
4 Percentage of the subset with response assessment reported; 5 Patients with PR, CR or SD
CR, complete response; PR, partial response; MR, mixed response; SD, stable disease; PD, progressive disease
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�is prompted the design of the IM-
PRESS trial. IMPRESS was the �rst ran-
domised, phase III, multi-national 
study that investigated continued appli-
cation of ge�tinib plus chemotherapy 
versus chemotherapy alone in patients 
with EGFR-mutated advanced NSCLC 
who had acquired resistance to �rst-line 
ge�tinib treatment after initial response. 
�e primary analysis had already shown 
no statistically signi�cant di�erences 
between the two strategies for PFS, ORR 
and DCR [13].

In agreement with the preliminary 
OS analysis, the �nal OS data demon-
strated signi�cant inferiority of the ge�-
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tinib combination [14]. Median OS was 
13.4 months in the ge�tinib arm and 
19.5 months in the control arm, which 
translated into an increase in mortality 
risk of almost 50 % with the addition of 
ge�tinib (HR, 1.44; p = 0.016). Further-
more, all of the subgroup categories fa-
voured the chemotherapy-only treat-
ment. A larger proportion of the patients 
in the chemotherapy-only arm received 
EGFR TKI therapy after discontinua-
tion, which might have contributed to 
their longer survival. 

Exploratory plasma biomarker anal-
yses suggested that this OS decrease as-
sociated with ge�tinib continuation is 

driven by T790M-positive status. In the 
T790M-positive subgroup, median OS 
was 10.8 and 14.1 months with ge�tinib 
and chemotherapy only, respectively 
(HR, 1.49). Results for the T790M-nega-
tive subgroup were inconclusive, how-
ever. Caution must be exercised here, 
because T790M status according to cir-
culating tumour DNA is not always in-
formative. �e authors concluded that 
this �rst-generation EGFR TKI therapy 
needs to be stopped at the time of radi-
ological disease progression, due to the 
risk of survival deterioration seen here 
for treatment continuation. Patients 
with T790M-positive status should be 

TABLE 2 

Characteristics of patients with EGFR mutations: histology, smoking history, and first-line treatment by 
subtype

All patients  
(n = 1,837)

Exon 18 
(n = 102)

Exon 19 
(n = 931)

Exon 20 
(n = 102)

Exon 21 
(n = 702) p

Histology (n = 1,837)

Squamous 23 (1.3 %) 0 14 (1.5 %) 2 (2.0 %) 7 (1.0 %) NS

Adenocarcinoma 1,563 (85.1 %) 87 (85.3 %) 791 (85.0 %) 88 (86.3 %) 597 (85.0 %)

Large cell 26 (1.4 %) 3 (2.9 %) 14 (1.5 %) 1 (1.0%) 8 (1.1 %)

NOS 225 (12.2 %) 12 (11.8 %) 112 (12.0 %) 11 (10.8 %) 90 (12.8 %)

Smoking history (n = 1,158)

Smoker 142 (12.3 %) 9 (20 %) 68 (11.5 %) 10 (19.2 %) 55 (11.8 %) 0.02

Former smoker 323 (27.9 %) 19 (42.2 %) 152 (25.6 %) 17 (32.7 %) 135 (28.8 %)

Never-smoker 693 (59.8 %) 17 (37.8 %) 373 (62.9 %) 25 (48.1 %) 278 (59.4 %)

First-line treatment (all patients, 1,173)

Adapted to mutation 686 (59 %) 20 (43 %) 350 (59 %) 26 (47 %) 290 (61 %) 0.07

EGFR-TKI 530 (45 %) 11 (23 %) 275 (46%) 8 (15 %) 236 (49 %) < 0.0001

Chemotherapy 292 (25 %) 16 (34 %) 149 (25 %) 23 (42 %) 104 (22 %) 0.01

Other 351 (30 %) 20 (43 %) 169 (28 %) 24 (44 %) 138 (29 %)
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considered for third-generation EGFR 
TKI treatment. 

Activity of gefitinib and 
erlotinib in uncommon 
mutations

A meta-analysis investigated the e�-
cacy of the �rst-generation EGFR-TKIs 
ge�tinib and erlotinib in patients with 
uncommon EGFR mutations (S768I, 
L861Q, G719X, R705K, and others) [15]. 
Out of 6,404 patients from the 13 trials 
included, 466 (7.3 %) were diagnosed as 
having uncommon EGFR mutations. 
�ese patients had received ge�tinib 
and erlotinib as any line of treatment. 

In single-arm synthesis, the overall 
ORRs for uncommon and common mu-
tations were 34 % and 71 %, respectively. 
Direct comparisons indicated signi�-
cantly lower responses in patients with 
uncommon mutations (odds ratio, 0.30). 
Also, they showed an inferior 6-month 
PFS rate (odds ratio, 0.44; p < 0.001). 
ORRs were still considerable, however, 
particularly in complex mutations, i.e., 
mutations at two or more uncommon 
mutant sites (64.2 %). �e authors there-
fore stated that �rst-generation EGFR-
TKIs remain an option for the treatment 
of patients with uncommon mutations, 

but the decision-making needs to be 
cautious. �e speci�c e�cacies related 
to each mutation site merit future studies 
with larger sample sizes. 

EGFR mutations: 
characteristics in a large 
French cohort

As di�erent molecular properties of 
EGFR mutation subtypes might a�ect re-
sponses to EGFR TKIs and patient out-
comes, an observational ancillary study 
of the French nationwide programme 
“Biomarkers France” assessed the char-
acteristics of non-small cell lung tu-
mours harbouring EGFR mutations on 
the basis of 18,679 analyses that repre-
sented 17,664 patients [16]. After exclu-
sion of EGFR wild-type and the T790M 
mutation, a total of 1,837 patients with 
EGFR mutations were analysed. 

Fifty-two percent and 38 % had exon 
19 and exon 21 mutations, respectively. 
Exon 18 and exon 20 mutations were 
found in 5 % each. Two thirds of the pa-
tients were female, and 85.1 % had ade-
nocarcinoma (Table 2). Sixty percent of 
those with exon 19 mutations and exon 
21 mutations were never-smokers, 
while these proportions were smaller in 
the populations with uncommon muta-

tions. Patients with exon 19 mutations 
and exon 21 mutations were more likely 
to receive �rst-line EGFR TKI therapy 
than the other two groups. 

The investigators concluded that 
EGFR mutations should be screened re-
gardless of smoking status. Precision of 
the speci�c sequence of the mutation at 
diagnosis is crucial for the selection of 
the appropriate treatment. In the sub-
group with uncommon mutations, re-
sults di�ered considerably: while pa-
tients with exon 18 mutations derived 
bene�t from �rst-line EGFR TKIs (me-
dian PFS, 7.8 months; DCR, 80 %), this 
did not apply to those whose tumours 
harboured exon 20 mutations, which 
were equivalent to EGFR wild-type in 
this respect (median PFS, 2.7 months; 
DCR, 20 %). For exon 21 mutations, OS 
and PFS were longer with EGFR-TKI 
therapy for L858R compared to the 
other mutations. 

PFS and OS obtained with TKI treat-
ment for patients with exon 19 muta-
tions were superior to all of the other 
mutations, and the median OS was sig-
ni�cantly longer even when compared 
to patients with exon 21 mutations 
(p = 0.045). EGFR-TKIs should therefore 
be a part of the treatment plan, although 
not necessarily the �rst-line strategy.  n

Rare driver mutations:  
encouraging results in small patient populations 

As well as ALK fusion mutations and 
EGFR mutations, studies of the genetic 
pro�les of patients with NSCLC have 
identi�ed other mutations that might be 
used for additional targeted therapies. 
Among these, ROS1 and RET rearrange-
ments both occur in 1 % to 2 % of pa-
tients with NSCLC. 

Update of PROFILE 1001

Crizotinib is known to target not only 
ALK, but also ROS1, among others. Pa-
tients with ROS1-positive advanced 
NSCLC are being treated with crizotinib 
250 mg twice daily in the ongoing phase 

I, open-label, PROFILE 1001 study. Ini-
tial �ndings con�rm that targeting ROS1 
is a viable strategy in ROS1-rearranged 
NSCLC [1]. In 2016, crizotinib was ap-
proved for the treatment of patients with 
metastatic/ advanced ROS1-positive 
NSCLC in the United States and Europe.
Shaw et al. presented the up-dated re-
sults on safety and antitumour activity 
from the expansion phase of PROFILE 
1001 [2]. Fifty-three patients were in-
cluded in this analysis. �e population 
contained three patients with ALK-neg-
ative NSCLC who were retrospectively 
determined to be ROS1-positive. Ade-
nocarcinoma was the most common 

NSCLC histology (96.2 %), and the ma-
jority of patients (75.5 %) had no history 
of smoking. 

According to the analysis, the crizo-
tinib treatment gave rise to a clinically 
meaningful ORR rate of 69.8 %. �e pa-
tients experienced rapid responses, 
with median time to response of 7.9 
weeks, which corresponded to the ap-
proximate time of the �rst on-treatment 
tumour scan. Responses were durable 
and consistent across a variety of pa-
tient demographics and baseline char-
acteristics. Almost all of the patients had 
some degree of tumour shrinkage dur-
ing the study (Figure). Crizotinib was 
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Figure: PROFILE 1001: best percentage change from baseline in size of target lesions obtained with 
crizotinib in patients with ROS1-rearranged NSCLC*
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generally well tolerated, with the safety 
pro�le being consistent with that ob-
served in ALK-positive NSCLC. 

RET-positive NSCLC: 
Japanese data on vandetanib

In patients with RET fusion mutations, 
clinical trials are underway in Japan and 
the United States to evaluate speci�c 
agents, including vandetanib, alectinib 
and cabozantinib. 

Vandetanib is an oral receptor TKI 
that potently inhibits RET, EGFR, and 
VEGFR. Horiike et al. conducted a mul-
ticentre phase II trial of vandetanib 300 
mg/day in patients with advanced, non-
squamous, RET-rearranged NSCLC [3]. 
�ese patients had received at least one 
prior chemotherapy. ORR according to 
the Independent Radiological Review 
Committee was de�ned as the primary 
endpoint. Out of 1,536 patients screened, 
34 (2 %) had RET fusion. Of these, 19 pa-
tients constituted the ITT population. In 
this group, ORR was 47 % with vande-
tanib, and disease control was achieved 
in 90 %. Responses lasted for 5.6 months. 
Median PFS was 4.7 months, and 47 % of 
patients were alive at 1 year. 

According to exploratory subgroup 
analyses, the type of RET fusion made a 
di�erence, as patients with CCDC6-RET 
(n = 6) appeared to bene�t to a greater 
extent from vandetanib treatment than 
those with KIF5B-RET (n = 10), for ORR 
(83 % vs. 20 %, respectively), median PFS 
(8.3 vs. 2.9 months), and 1-year OS rate 
(67 % vs. 42 %). �e safety pro�le corre-
sponded to previous experience with 
vandetanib. �e main AEs were hyper-
tension, diarrhoea and acneiform rash. 

�e authors concluded that vande-
tanib showed clinical antitumor activity 
in patients with advanced RET-rear-
ranged NSCLC, although large screen-
ing programmes are now required. One 

of these programmes is a nationwide 
genomic screening project called LC-
SCRUM-Japan. It was initiated in Japan 
in conjunction with this study, and it in-
volves the identi�cation of RET rear-
rangements using multiplex RT-PCR 
and a break-apart FISH assay. By August 
2016, more than 200 institutions and 14 
drug companies were participating in 
LC-SCRUM-Japan. 

Lenvatinib in RET-positive 
tumours

The oral multikinase inhibitor len-
vatinib targets VEGFR, FGFR and 
PDGFR-α, and the RET and KIT proto-
oncogenes. In 2015, lenvatinib was ap-
proved for treatment of radioiodine-re-
fractory, di�erentiated, thyroid cancer. 
As RET kinase is a target of lenvatinib, 
this appeared to be a therapeutic option 
for patients with RET-positive adeno-
carcinoma of the lung. 

Indeed, a phase II, open-label, 
global, proof-of-concept study pre-
sented at the ESMO Congress showed 
promising clinical activity of lenvatinib 
24 mg/day in 25 patients with RET-pos-
itive NSCLC [4]. �e patients had re-

ceived a maximum of three previous 
systemic therapies, with those with 
more than three treatments enrolled on 
a case-by-case basis. ORR was de�ned 
as the primary outcome, and was seen 
as 16 %; all of these were con�rmed par-
tial responses. Disease control (CR plus 
PR plus SD at ≥7 weeks) was obtained in 
76 %, and clinical bene�t (CR plus PR 
plus SD at ≥23 weeks) in 48 %. Tumour 
shrinkage occurred in the majority of 
patients. Importantly, patients showed 
similar ORRs, disease control rates, and 
clinical bene�t rates irrespective of 
whether they had received previous 
RET-targeted therapy with cabozantinib 
or vandetanib (Table). Median PFS was 
7.3 months. 

For most patients, the lenvatinib tox-
icities were manageable with dose mod-
i�cations. �e most common AEs in-
cluded hypertension, nausea, decreased 
appetite, diarrhoea, proteinuria, and 
vomiting. �ese data provide support 
for further studies with lenvatinib in the 
treatment of RET-positive adenocarci-
noma of the lung.  n
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TABLE  

Efficacy outcomes with lenvatinib according to use of previous  
RET-targeted therapy

Previous RET-targeted 
therapy n Outcome [n (%)]

Objective response* Disease control** Clinical benefit*** 

Yes 7 1 (14.3) 6 (85.7) 4 (57.1)

No 18 3 (16.7) 13 (72.2) 8 (44.4)

*Objective response: all confirmed responses
**Disease control: CR plus PR plus SD at ≥ 7 weeks
***Clinical benefit: CR plus PR plus SD at ≥ 23 weeks
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SCLC: genomic alterations pave the way to targeted 
approaches 

Rapid growth and early development of 
metastatic disease are characteristic of 
small-cell lung cancer (SCLC), which 
constitutes approximately 15 % of all 
lung cancer cases [1]. In limited-stage 
disease, a cure is possible with chemo-
radiotherapy. However, 68 % of patients 
present with extensive-stage SCLC (ES-
SCLC). Although high initial responses 
to platinum-based chemotherapy and 
radiotherapy are observed, recurrence 
of chemo-refractory disease takes place 
as a rule. 

At present, the lack of e�ective thera-
pies for relapsed SCLC is one of the 
greatest unmet needs in the manage-
ment of lung cancer patients. Nearly all 
SCLC cases are attributable to cigarette 
smoking, which has implications for the 
mutational landscape of these cases, 
and thus for the potential use of certain 
treatments. 

Genomic profiling of SCLC 
patients

Ali et al. reviewed 883 patients with SCLC 
using a comprehensive genomic pro�l-
ing approach [2]. Importantly, all types of 
genomic alterations were identi�ed (i.e., 
base-pair substitutions, insertions/dele-
tions, copy number alterations, rear-
rangements). �is study is the largest to 
date that describes the genomic pro�les 
of SCLC patients through the course of 
their clinical care. 

�e results here showed that frequent 
genomic alterations are present in SCLC. 
Genomic alterations, which included 
MYCL1 fusions, were consistent with 
those in the published literature. �e 
most commonly altered genes were TP53 
(90 %), RB1 (69 %), MLL2 (12.0 %), LRP1B 
(10.9 %), PTEN (8.5 %), MYCL1 (8.0 %), 
RICTOR (6.5 %), and MYC (6.1 %). Focal 
ampli�cations were frequent, and in-
cluded RICTOR/FGF10 on chromosome 
8 and MYCL1 on chromosome 1. MYCL1 
ampli�cation was found in 68 (7.8 %) of 
the patients. Seven patients harboured 
MYCL1 fusions, and �ve of these also had 
MYCL1 ampli�cation. 

�ese patients included the unique 
index case of a never-smoker whose tu-
mour harboured JAZF1-MYCL1 without 
ampli�cation of MYCL1. �is patient ex-
perienced durable complete remission 
over 18 months when treated with the in-
vestigational aurora A kinase inhibitor 
alisertib (MLN8237), and durable partial 
response to nivolumab. �e biological 
implication of this is that JAZF1-MYCL1 
might ectopically stabilise functional 
MYCL1 expression, thus hyper-activat-
ing the downstream target aurora kinase, 
as well as hyper-inhibiting the down-
stream target PD-L1. MYCL1 ampli�ca-
tions might represent a less dramatic el-
evation of downstream activity, but they 
still confer sensitivity to aurora kinase in-
hibitors and PD-1 inhibitors. �erefore, 
some patients, and particularly those 
harbouring MYCL1 amplifications, 
might bene�t from the combination of 
an aurora kinase inhibitor and an immu-
notherapeutic drug.

The tumour mutational burden 
(TMB) in SCLC was calculated at 9.9 mu-
tations/megabase. In comparison, the 
TMB for melanoma is 12.6 mutations/
megabase, while it is lower in other tu-
mours. Assuming that the TMB corre-
lates with the e�cacy of PD-1/PD-L1 in-
hibitors, the distribution of the TMB in 
SCLC suggests a similar response to im-
munotherapy as seen in NSCLC. 

Aurora A kinase inhibition plus 
paclitaxel

Aurora A kinase (AAK) is a key regulator 
of mitosis. It can be overexpressed or 
ampli�ed in a range of solid tumours 
and haematological malignancies. Inhi-
bition of AAK leads to disrupted mitosis 
and cell death, which makes AAK a po-
tential target for anti-cancer therapies. 
AAK inhibitors appear to be e�ective in 
SCLC cell lines, and especially in those 
with ampli�cation and/or high expres-
sion of Myc [3, 4], which is a main driv-
ing oncogene in many cancers. Myc am-
pli�cation of overexpression occurs in 
18 % to 31 % of SCLCs, and is more com-
mon in chemo-refractory disease [3]. 

�e investigational, orally available, 
selective, small-molecule, AAK inhibi-
tor alisertib was tested in combination 
with paclitaxel in a randomised phase II 
study [5]. Patients with SCLC partici-
pated who had previously been treated 
with one platinum-based chemother-
apy regimen and had experienced re-
lapses earlier than 180 days of comple-
tion. �e patients in the control arm 
received placebo plus paclitaxel. Eighty-
eight individuals were enrolled in each 
study arm. 

Activity in c-Myc–expressing 
tumours

For PFS in the ITT population, which was 
de�ned as the primary endpoint, the 
analysis revealed a signi�cant advantage 
of the alisertib combination (3.32 vs. 
2.17 months; HR, 0.71; p = 0.038). Pa-
tients with resistant or refractory re-
lapses also experienced signi�cant PFS 
bene�t (2.86 vs. 1.64 months; HR, 0.659; 
p = 0.037). For OS, DCR and ORR, the re-
sults hinted at favourable outcomes with 
the alisertib combination, although the 
di�erences did not reach signi�cance. 

Alisertib and paclitaxel have overlap-
ping toxicities. Grade ≥ 3 AEs occurred 
more frequently with alisertib plus pa-
clitaxel (76 % vs. 51%), as did drug-re-
lated serious AEs (32 % vs. 7 %). �e 
most common AEs with the alisertib 
combination included diarrhoea, fa-
tigue, neutropenia, anaemia and stoma-
titis. Neutropenia dominated among 
the grade ≥ 3 AEs (38 % vs. 6 %). All of 
the grade ≥ 3 AEs were at least two-fold 
more frequent in the experimental arm 
than in the control arm. AE-related drug 
discontinuation occurred more fre-
quently in the experimental arm (15 % 
vs. 6%), as also seen for dose reductions 
due to AEs (38 % vs. 10 %). 

With c-Myc protein expression be-
lieved to serve as a biomarker, a pre-
speci�ed exploratory analysis yielded a 
strong association with PFS. Here, the 
addition of alisertib led to a marked 
clinical PFS bene�t over paclitaxel alone 
in c-Myc–positive patients (HR, 0.29), 
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Figure 1: Effect on PFS of addition of alisertib to paclitaxel, according to c-Myc protein expression
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whereas the opposite pattern was ob-
served in the c-Myc–negative subgroup 
(HR, 11.8; Figure 1). A prospective 
study is needed to further validate the 
predictive value of c-Myc.

Preliminary results with 
atezolizumab

�e humanised monoclonal anti–PD-
L1 antibody atezolizumab has demon-
strated promising clinical activity and a 
tolerable safety pro�le in a number of 
NSCLC clinical trials. As SCLC shows a 
high frequency of somatic mutations, 
these tumours might be amenable to 
treatment with PD-1/PD-L1 inhibitors. 
Sequist et al. presented the results ob-
tained for an ES-SCLC cohort that was 
part of a larger phase Ia clinical trial in-
vestigating atezolizumab in locally ad-
vanced or metastatic solid tumours [6]. 
�e �rst �ve patients were PD-L1–se-
lected; after that, the enrolment contin-
ued regardless of PD-L1 expression sta-
tus. Seventeen patients were evaluated 
in the safety and e�cacy analyses. 

Treatment with atezolizumab was 
generally well tolerated, with the major-
ity of AEs as grades 1 or 2. Atezolizumab 
showed encouraging single-agent activ-
ity. �e spider plot depicted in Figure 2 
illustrates the responses achieved 
 according to the immune-related 
 response criteria (irRC). Objective 
 responses per irRC occurred in 17.6 %. 
Disease control was obtained in 41.2 %. 
Median PFS was 2.9 months per irRC 
across all of the patients, and median 

OS was 5.9 months. In tumours express-
ing PD-L1, higher expression of PD-L1 
mRNA and T-e�ector gene signature 
corresponded to a trend towards im-
proved PFS (per irRC) and OS. �e clin-
ical bene�t of atezolizumab continued 
beyond classical radiographic progres-
sion. A phase III randomised study of at-
ezolizumab or placebo plus carbo-
platin/ etoposide in patients with 
ES-SCLC is currently recruiting 
(NCT02763579). 

Other novel agents

Chu et al. presented encouraging data 
on the monoclonal antibody BMS-
986012 that targets fucosyl-GM1, which 
is a chemically de�ned monosialogan-

glioside that shows limited expression 
in normal tissues, but is highly ex-
pressed on the surface of tumour cells in 
SCLC [7]. BMS-986012 was developed 
as a �rst-in-class fully human immuno-
globulin G1 monoclonal antibody. �e 
anti-tumour activity of this agent is 
based on antibody-dependent cell-me-
diated cytotoxicity, complement-de-
pendent cytotoxicity, and antibody-de-
pendent cellular phagocytosis. 

�e phase I/II dose-escalation and 
dose-expansion CA001-030 study was 
initiated in patients with relapsed and 
refractory SCLC. According to the pre-
liminary data from the phase I mono-
therapy portion of this trial, BMS-
986012 was well tolerated, and patients 
responded to treatment. However, due 
to the small number of patients in this 
part of the study and their heterogene-
ity, no �rm conclusions regarding the 
e�cacy of BMS-986012 can be drawn 
yet. �e BMS-986012 pharmacokinetics 
were consistent with what might be ex-
pected for a monoclonal antibody, and 
no anti-drug antibodies were detected 
in treated patients. Enrolment in the 
phase II monotherapy portion of this 
trial is ongoing. Further studies are cur-
rently investigating BMS-986012 as part 
of the combination regimens with 
nivolumab and chemotherapy. 

In contrast, negative trial results 
were obtained with roniciclib, an oral, 
highly potent, small-molecule inhibitor 
of cyclin-dependent kinases [8]. A 
phase II, randomised, double-blind, 
placebo-controlled study conducted in 
patients with ES-SCLC compared cis-

Figure 2: Confirmed responses to atezolizumab in patients with ES-SCLC (according to irRC)
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platin/ etoposide with carboplatin/ 
etoposide as �rst-line therapy in combi-
nation with roniciclib or placebo. No 
improvements were observed for the 
addition of roniciclib with regard to PFS, 
OS, ORR and time to progression. More-
over, the combination was not well tol-
erated, as patients who received ronici-
clib showed higher incidence of 
clinically important AEs and fatal AEs 
than those in the control group. �e 
study was terminated following primary 
completion.  n
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No phase III benefit with selumetinib in KRAS-mutant NSCLC
 

Figure: Molecular subsets of adenocarcinoma of the lung
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Oncogenic mutations of KRAS de�ne 
the largest genomic subset of NSCLC 
(Figure). �is patient group appears to 
derive less clinical bene�t from chemo-
therapy than the overall NSCLC popula-
tion. �ere are currently no targeted 
treatments speci�cally for patients with 
KRAS-mutant tumours of the lung. 
However, KRAS mutations are associ-
ated with activation of the RAS/RAF/
MEK/ERK pathway, which converges at 
MEK1/2, making KRAS mutation in 
NSCLC a potential target of the oral 
MEK1/2 inhibitor selumetinib. Indeed, 
in a phase II trial, selumetinib has 
shown encouraging activity in combi-
nation with docetaxel, improving PFS 
and ORR to a signi�cant extent com-
pared to placebo plus docetaxel [1]. 

�e phase III SELECT-1 study there-
fore tested selumetinib 75 mg twice 
daily plus docetaxel against placebo 
plus docetaxel in patients with KRAS-
mutated advanced NSCLC (stage IIIB-
IV) after failure of �rst-line therapy [2]. 
PFS by investigator assessment was de-
�ned as the primary endpoint. Overall, 
510 patients were randomised. SE-
LECT-1 was the �rst and largest pro-
spective phase III, randomised, double-
blind trial of second-line treatment for 
patients with KRAS-mutant NSCLC.

However, PFS did not di�er signi�-
cantly between the treatment arms (3.9 

vs. 2.8 months with selumetinib plus 
docetaxel and docetaxel alone, respec-
tively; HR, 0.93). �is also applied to OS 
(8.7 and 7.9 months, respectively; HR, 
1.05). �ere was no evidence of a statis-
tically signi�cant interaction of treat-
ment by subgroup with regard to both 
PFS and OS. ORR was numerically im-
proved in the experimental arm (con-
�rmed responses, 13 % vs. 9 %); how-
ever, responses lasted only 2.9 months 
(vs. 4.5 months in the control arm). �e 
safety pro�le of selumentinib plus doc-
etaxel was consistent with historical 
data for docetaxel and emerging data 
for selumetinib. 

At present, there is no clear reason 
why the phase II results did not translate 
into a positive phase III study. Explora-
tory analyses are ongoing or planned for 
di�erent KRAS codon mutations, as well 
as for PD-L1, LKB1 and TP53 status.   n
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This special issue will be offering a synopsis from the WCLC 2016 that will 
be held in Vienna, in December of this year. The report promises to make for 
stimulating reading, as the WCLC Congress itself draws on the input from a 
number of partner organizations, representing a multidisciplinary approach 
to cancer treatment and care. Again, lung cancer will be at the heart of this 
special issue.
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issue as it is published.
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