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Letter from the Editor
Dear Reader,
I am proud to present this year’s Medicom coverage of
the 19th IASLC World Conference on Lung Cancer (WCLC).
Only ten years ago, we still needed a meta-analysis
to prove modest benefit of chemotherapy over best
supportive care in advanced non-small-cell lung cancer.
Now, we have experienced substantial progress in lung
cancer treatment, leading to better understanding of
the molecular biology, driver mutations, mechanisms
of resistance, and the major impact of immunotherapy.
As the landscape becomes more and more complex, it
becomes a challenge to keep up with rapidly changing
standards and new developments.
This year’s WCLC in Toronto offers exciting new data,
broadening our knowledge in screening, diagnostic tools,
and clinically significant, practice-changing treatments
in lung cancer, among others.
We hope to contribute by keeping you updated with our
fast, peer-reviewed conference highlights.
Sincerely yours,

Dr Stefan Rauh
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mainly involved in clinical work
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PS : ESMO guidelines on advanced non-small-cell lung cancer have
been updated very recently and may provide you with a valuable
tool in your daily treatment decisions. You may access them via
the website www.esmo.org.
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INTERVIEW

We envision a multimodality
approach as the preferred strategy
for all patients with lung cancer
Interview with IASLC president
Prof. Giorgio Scagliotti, MD, PhD,
conducted on 14 September 2018 by Rita Buckley

The IASLC World Conference on Lung
Cancer is the largest specialised
meeting dedicated to thoracic
oncology, with over 7,000 people
attending. Exclusively for Medicom's
Conference Report, IASLC president
Prof. Giorgio Scagliotti (University of
Turin, Italy) discusses the meeting and
the main goals for the organisation.

Of all the breakthroughs covered at the
conference, which ones do you see as
game-changers in the lung cancer field?
The Toronto meeting will feature a new
generation of targeted therapies against old
and new lung cancer targets. Researchers
from the PACIFIC trial will present overall
survival data for the first time. Findings from
the NELSON study, which investigated the
role of low-dose CT scans in early detection
of lung cancer, will also be released. CTbased lung cancer screening can routinely
find earlier stage disease, resulting in
higher cure rates. Although many nations
are implementing annual screening for
lung cancer, not enough doctors or people
in general know about that screening. As a
result, only a small number of patients will
be diagnosed early.

What do you see as the most important
developments in thoracic oncology?

As president of the IASLC, what are your
main goals for the organisation?

Precision medicine advances are important
but, at best, targeted therapies will only be an
option for some 40% of patients. Alternatives
include innovative approaches, such as
immunotherapy. However, we need to resolve
patient stratification issues to identify the best
subgroups of patients. We also need to better
understand the role of “omics” in early disease,
and its contribution to diagnoses.
An IASLC discussion forum will include
various players in the field of thoracic
oncology, including the scientific community
and regulatory agencies. It will explore every
possible way to get the most effective new
drugs to all patients with a thoracic malignancy
without compromising high standards for
statistical and clinical evidence.
We envision a multimodality approach as the
preferred strategy for all patients with lung
cancer. As we continue to incorporate local
therapies into the treatment of advanced
disease, our focus is shifting toward early
detection of early stage disease. This will
maximise the potential for cure with systemic
therapies.

As the premier scientific organisation in the
field of thoracic malignancies, IASLC has
a comprehensive strategic plan to lead us
into the future. We will focus on global and
multidisciplinary challenges patients and
physicians face in the diagnosis and treatment
of thoracic malignancies. We will be a trusted
resource for regulatory agencies, an organisation
they can work with to guarantee fast access to
drugs and long-term affordability. These are key
concerns not only for oncology, but for medicine
in general. By 2020, oncology will be hit by huge
cost increases. I favour getting rid of “me-too
agents” and adopting innovations that deliver
meaningful increases in survival.

Has the way that WCLC 2018 is organised
changed this year? If so, how?
Due to rapid innovation, the IASLC decided
in 2015 to hold the world’s most important
meeting for thoracic malignancies annually
instead of biannually. Our members have
responded enthusiastically.
This year’s meeting will showcase the
latest science and offer unique networking
opportunities. The exchange of ideas and
projects and the sharing of research findings
with peers and opinion leaders is vital,
especially for younger colleagues and those
from less developed countries. The inclusive
nature of our association facilitates the
integration of newcomers and fosters
international collaboration.

What personal impact do you want to
make on the IASLC?
As IASLC’s President, I’m committed to the
strategic plan the board approved 1 year ago. The
use of innovative tools will broaden educational
offerings and reach a global audience. A series
of initiatives will maximise the value of long-term
IASLC membership and enhance recruitment of
new physicians and researchers with an interest
in thoracic malignancies. IASLC will address
major research questions with a global impact on
thoracic malignancies. Our modern and efficient
organisational and governance structures make
it possible to pursue these goals.

What future challenges in the treatment
and management of lung cancer are most
important? Why?
Biomarker-based patient segmentation and
treatments have increased complexity. In
parallel, innovative clinical trial designs are now
central to drug development. They underscore
the need to better appraise tumour biology,
drug efficacy, and potential risks and benefits
for patients. Emerging drug-development
paradigms are driving new ways of working
collaboratively to accelerate progress.

Presidential Symposium – Top 5 Abstracts
Speakers at this year’s Presidential Symposium
recognised 5 clinical trials for their practice-changing
implications. Some of these have already established
new standards of care in stage 3 unresectable nonsmall-cell lung cancer (NSCLC; OS data from the
PACIFIC trial) and extensive-stage small-cell lung
cancer (IMpower133 trial). Others are poised to do
so. All represent great progress in the treatment of
patients with lung cancer.

Durvalumab after chemoradiotherapy extends
OS in stage 3, unresectable non-small-cell
lung cancer
Updated overall survival (OS) data from the phase 3 PACIFIC
trial have set a new standard of care for first-line treatment
of unresectable stage 3 NSCLC. Previously reported results
showed that durvalumab significantly improved progressionfree survival (PFS) by 11.2 months compared with placebo
(HR 0.52; 95% CI 0.42-0.65; P<0.001) [1]. The latest findings
show a 2-year landmark survival rate of 66.3% for patients in
the durvalumab group vs 55.6% in the placebo arm (P=0.005).
Dr Scott Antonia (H. Lee Moffitt Cancer Center and Research
Institute, USA) reported results at the live session [2]. The
study was simultaneously published in the New England
Journal of Medicine [3].
PACIFIC was a randomised, double-blind, placebo-controlled
trial. A total of 709 patients with locally advanced, stage
3, unresectable NSCLC underwent concurrent chemo
radiotherapy with no progression after treatment. Patients
with any PD-L1 tumour status were enrolled into the study
and randomised to receive intravenous durvalumab (n=473;
10 mg/kg of body weight) or placebo (n=236) every 2 weeks
for up to 12 months. Randomisation occurred up to 42 days
after concurrent chemoradiotherapy and was stratified
according to age, sex, and smoking history. Primary endpoints
were PFS and OS. Durvalumab is a selective human IgG1
monoclonal antibody that blocks PD-L1 binding to PD-1 and
CD80, allowing T-cells to recognise and kill tumour cells [4, 5].
Updated results showed that durvalumab significantly
improved OS vs placebo (stratified HR 0.68; P=0.00251).
Although the median OS had yet to be reached for durvalumab,
it was 28.7 months for patients in the placebo arm. The
survival benefit was seen in all prespecified subgroups. The
median PFS was 17.2 vs 5.6 months for durvalumab and

placebo, respectively. Findings on secondary outcomes also
favoured durvalumab over placebo. There were no new safety
issues. An unplanned post-hoc analysis, showed that OS was
shorter (HR 1.36) in patients with tumour PD-L1 expression
≤1% who received durvalumab, but the finding was not
statistically significant. Noteworthy, the group was relatively
small and imbalances in baseline characteristics existed.
OS outcomes from the PACIFIC trial provide compelling
evidence for the benefit of durvalumab as the standard of
care for patients with unresectable, stage 3 NSCLC.

Potential for brigatinib as a first-line treatment
option for ALK+ non-small-cell lung cancer
ALTA-1L was an open-label, phase 3 trial that compared the
safety and efficacy of brigatinib vs crizotinib in patients with
ALK inhibitor-naïve ALK+ advanced NSCLC. The initial interim
analysis showed the trial met the primary endpoint: PFS was
significantly longer in patients who received brigatinib vs
crizotinib, marking the former as a promising first-line agent
for ALK-positive NSCLC. Dr Ross Camidge (University of
Colorado Cancer Center, USA) presented early results [6] and
the study was simultaneously published in the New England
Journal of Medicine [7].
Brigatinib is a next-generation ALK inhibitor that targets a
broad range of ALK mutations and ROS1 rearrangements
[7]. The ALTA-1L study enrolled 275 patients with advanced
ALK+ NSCLC, Eastern Cooperative Oncology Group (ECOG)
performance status 0-2, and less than one prior systemic
anticancer regimen. Patients with asymptomatic, untreated
central nervous system (CNS) metastasis were eligible for
the clinical trial. Exclusion criteria included prior treatment
with an ALK inhibitor, or radiation therapy within 14 days of
the first dose of brigatinib. Patients were stratified according
to baseline brain metastases and completion of at least one
full cycle of prior chemotherapy and were randomly assigned
to receive either brigatinib (n=137) or crizotinib (n=138).
Brigatinib was initiated at a lead-in dose 90 mg for 1 week,
followed by 180 mg once daily (QD). Crizotinib was given at a
standard dose 250 mg twice a day. The primary endpoint was
PFS determined by a blinded independent review committee.
Overall, 27% of the cohort had received prior chemotherapy
and 29% had baseline brain metastases. At the time of the
interim analysis, median follow-up was 11.0 months among
patients who received brigatinib and 9.3 months in the
PRESIDENTIAL SYMPOSIUM – TOP 5 ABSTRACTS
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crizotinib-treated patients. Estimated 12-month PFS rates
were higher in the former than in the latter—67% vs 43% (HR
0.49; P<0.001; Figure 1) [7].
Figure 1 Primary endpoint of progression-free survival assessed by
blinded investigational review committee [6]
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The confirmed objective response rate (ORR) was 71%
vs 60% for brigatinib and crizotinib, respectively and the
confirmed rates of intracranial response in patients with
measurable lesions were 78% vs 29%. In patients without
prior chemotherapy, brigatinib reduced the risk of disease
progression or death by 45% compared with crizotinib (HR
0.55). In patients who had prior chemotherapy, it reduced
the risk by 65% vs crizotinib (HR 0.35; P=0.0207). In patients
with brain metastases at baseline, the risk of progression or
death with brigatinib was 73% lower than that with crizotinib
(HR 0.27; P<0.0001). There were no new safety concerns
reported.

Benefits of chest CT screening
The 10-year follow-up in the population-based NELSON
trial showed that CT screening of high-risk men reduces
lung cancer death rates by 26% (95% CI 9-41%). In a smaller
subset of women, the reduction was even larger. Prof.
Harry de Koning (Erasmus Medical Center, the Netherlands)
presented the outcomes [8].
The NELSON trial is not the first large study to show a survival
benefit with population-based lung cancer screening. The
original landmark study, the National Lung Screening Trial
(NLST), was conducted in the United States in 2011 and
demonstrated a 20% relative reduction in lung cancer deaths
for annual screening with low-dose CT over 3 years vs
chest radiography [9]. The NELSON study, conducted in the
Netherlands and Belgium, used nodule volume management
for referral. It was designed to show a 25% reduction in lung
cancer in males at the 10-year follow-up. The trial enrolled
15,822 subjects aged 50-74 years. In the overall cohort, the
mean number of pack-years smoked was approximately 40
4
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years. Participants were randomised (1:1) to CT-screening
at 1, 3, and 5.5 years, or no screening. Their records were
linked to national registries with 100% coverage of cancer
diagnosis, date of death, and cause of death. An expert panel
blinded to study arm reviewed medical files on deceased lung
cancer patients up to 2013; they subsequently used cause of
death reported by Statistics Netherlands. Follow-up through
December 2015 comprised a minimum of 10 years followup of the 98.7% of patients who were still alive. Average CT
screening compliance was 94%, which led to 29,736 scans.
Additional scans within 2 months were performed on 9.1%
of patients to estimate nodule volume doubling time. This
led to an overall referral rate for suspicious nodule of 2.1%.
In 9.3% of scans, results were indeterminate; 2.2% of scans
were positive and lung cancer was detected in 0.9%. In these
cases, 69% were detected at stage 1A or B. This was a much
higher proportion of early-stage diagnoses compared with
a cancer registry in the Netherlands. The positive predictive
value of screening was 41% on a positive screen. This value
was associated with a significant decrease in lung cancer
mortality at 10 years in men (HR 0.74; P=0.003). The survival
benefit was greater in women (HR 0.61; P=0.0543) as shown
in Figure 2. Surgery was 3 times more prevalent in a subset
of CT-screened lung cancer patients compared with those in
the control group (67.7% vs 24.5%; P<0.001). According to
Prof. de Koning, these results should be used to inform and
direct future CT screening around the world.
Figure 2 Lung cancer mortality rate ratio in the NELSON trial [8]
Lung cancer
mortality rate ratio
(95% CI)
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New standard of care in extensive-stage smallcell lung cancer
For nearly 4 decades, there has been little change in median OS
in extensive-stage small-cell lung cancer (ES-SCLC) with 1L
carboplatin and etoposide. Until now. The global, randomised,
controlled phase 1/3 IMpower133 trial demonstrated that
adding atezolizumab to carboplatin/etoposide resulted
in significantly longer OS and PFS than treatment with
chemotherapy alone. Dr Stephen Liu (Georgetown University
Hospital, USA) presented results at WCLC 2018, which were
simultaneously published in the New England Journal of
Medicine [10].

IMpower133 evaluated atezolizumab plus 1L carboplatin
and etoposide in treatment-naïve patients with ES-SCLC
and ECOG performance status of 0 to 1. Atezolizumab is a
humanised, monoclonal, anti-PD-L1 antibody that inhibits
PD-1 and B7 signalling and restores tumour-specific T-cell
immunity [11]. Patients were randomised 1:1 to receive
four 21-day cycles of carboplatin and etoposide with either
atezolizumab (n=201) or placebo (n=202). Treatment was
followed by maintenance checkpoint inhibitor therapy or
placebo until intolerable toxicity, disease progression (per
RECIST v1.1), or no additional clinical benefit. The two
primary endpoints were investigator-assessed PFS and OS
in the intention-to-treat population. At a median followup of 13.9 months, the median OS was 12.3 months in the
atezolizumab group and 10.3 months in the placebo arm
(HR for death, 0.70; P=0.007) (Figure 3). The respective
median PFS was 5.2 months and 4.3 months (HR for disease
progression or death, 0.77; P=0.02). The safety profile of
atezolizumab plus carboplatin and etoposide was consistent
with the previously reported safety profiles of the individual
agents [12].
Figure 3 Overall survival in the IMpower133 trial [12]
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patients with malignant pleural mesothelioma (MPM) treated
with nintedanib plus pemetrexed/cisplatin. IASLC president
Prof. Giorgio Scagliotti (University of Turin and San Luigi
Hospital, Italy) presented the findings [13].
Nintedanib is a multikinase inhibitor that targets VEGF receptors
1–3, PDGF receptors α/β, FGF receptors 1–3, and Src and Abl
kinase signalling [14,15]. Combined with pemetrexed/ cisplatin,
it improved PFS (HR 0.56) with a trend toward prolonged OS
(HR 0.77) in phase 2 of the LUME-Meso trial [16]. The effect was
particularly evident in patients with epithelioid histology (PFS
HR 0.51; OS HR 0.70).
The randomised LUME-Meso study enrolled 458 patients
with treatment-naïve, histologically confirmed, unresected
epithelioid MPM. Patients received up to 6 cycles of
pemetrexed (500 mg2)/cisplatin (75 mg2) on day 1, plus
nintedanib (200 mg twice daily) or placebo on days 2-21.
Maintenance therapy for patients with no progression after
combination treatment was either nintedanib or placebo.
The median duration of nintedanib treatment was 5.3 vs 5.1
months for nintedanib and placebo, respectively. After 250
events, no statistically significant differences were observed
between the nintedanib and placebo arms in PFS or interim
OS. There were no unexpected safety findings, and as per
study protocol, the trial was discontinued. MPM is a global
epidemic [17]. Since 2003, pemetrexed/cisplatin has been the
only approved regimen, with a median OS of approximately 1
year [18]. “This trial reaffirms the need for solid confirmatory
studies that are adequately sized to challenge the standard
of care in advanced malignant mesothelioma,” said Prof.
Scagliotti.
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The addition of atezolizumab to carboplatin and etoposide
significantly improved OS and PFS in 1L ES-SCLC in an allcomer patient population. “A reduction in the risk of death by
30% meets our bar for significant improvement,” said Dr Liu [12].

No progression-free survival benefit with
nintedanib + pemetrexed/cisplatin for malignant
pleural mesothelioma of epithelial subtype
Positive PFS findings from phase 2 of the global randomised
LUME-Meso trial did not carry through to phase 3 outcomes
as the study failed to meet the primary endpoint of PFS in
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New Aspects of Immunotherapy
Immunotherapy is a game-changer in cancer research
and treatment. For the first time in decades, its use has
led to new standards of care in at least three refractory
lung cancers: stage 3 unresectable non-small-cell
lung cancer (NSCLC; PACIFIC), extensive-stage smallcell lung cancer (IMpower133), and squamous NSCLC
(KEYNOTE-407). Research is rapidly expanding our
knowledge of the immune system and how it interacts
with cancer cells. While much work remains to be done,
progress is accelerating. Future advances will feature
new biomarkers and agents as well as new strategic
directions, such as "immune normalisation” [1].

Next generation immunotherapy in non-smallcell lung cancer
Prof. Solange Peters (Lausanne University Hospital and Ludwig
Institute, Switzerland) described immunotherapy as a revolution
in cancer care. “Over 2000 immunotherapy agents are in
development,” she said at the Future of IO, a mini-symposium
on immuno-oncology. She showed how phenotypes in the
immune cycle are affected by inflamed tumours, lack of T-cells,
and immune exclusion—factors that affect the success or
failure of immunotherapy. According to Prof. Peters, it is time
to redefine these phenotypes according to immune status,
therapeutic aim, and clinical pipeline (Figure 4).
Figure 4 Redefined immune cycle, broken out by immune status,
therapeutic aim, and clinical pipeline
1. No effective
antitumour immunity

2. Suboptimal or
exhausted antitumour
immunity

3. Antitumour
immunity supressed
by TME
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- Adenosine metabolism
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- CXCR2
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This approach calls for priming a new response in cold
tumours with no effective anti-tumour immunity; potentiating
existing responses in cells with suboptimal or exhausted
anti-tumour immunity (e.g. PD-L+ tumour); and reversing
tumour suppression if immunity is diminished by the tumour
microenvironment (e.g. CD73+ tumour). The clinical pipeline
offers a wide choice of treatment options for patients in each
category, but many are not routinely used in practice.
“The goal is to achieve highly active anti-tumour activity,”
said Prof. Peters, who then focused on a self-described list
of subjective strategies to focus on. These included TGF-β,
a multifunctional cytokine that attenuates tumour response
to PD-L1 blockade by contributing to the exclusion of
T-cells [2]; ALT-803, an IL-15 superagonist with nivolumab
[3]; and NTRK-214, which increases proliferation of tumourinfiltrating lymphocytes and PD-1 expression on the
surface of CD8+ T-cells. She also discussed the targeting
of carcinoembryonic antigens in NSCLC and new strategies
that specifically exploit the adenosine pathway in NSCLC.
“There is incredible room for progress, with some interesting
activities of immuno-oncology beyond PD-L1/CTLA-4,”
Prof. Peters said. She noted that academic decisions on
strategies to prioritise research are critical and warned that
drug development is outpacing biological insight. She also
lauded participation in clinical trials, noting that it is key to
advances in immunotherapy. At the same time, she stressed
the importance of patient access to sufficiently established
innovation. “That has to be the priority,” she said.

Combination therapies: Where are we in 2018?
Prof. Martin Reck (German Center for Lung Research,
Germany) cited recent data from landmark trials to
promote immunotherapy combined with other treatment
options. “We have suggestions of multiple interactions and
potential synergies,” said Prof. Reck at a mini-symposium
on the Future of IO. These include immunotherapy plus
chemotherapy, targeted therapies, and anti-VEGF therapy. In
addition, a broad range of immuno-oncology agents can be
combined to boost efficacy.
In squamous cell NSCLC, the practice-changing KEYNOTE-407
trial showed significantly increased overall survival (OS) with
immunotherapy plus chemotherapy. The median OS was 15.9
months in the pembrolizumab group vs 11.3 months in the
chemotherapy-alone group (HR 0.64; P=0.0008) [4]. According

Choice of taxane and addition of pembrolizumab
for metastatic squamous non-small-cell lung
cancer
Prof. Balazs Halmos (Albert Einstein College of Medicine
and Montefiore Medical Center, USA) presented a study
on the choice of taxane and KEYNOTE-407 outcomes. His
presentation was part of a mini-oral abstract session on
real-world considerations in immunotherapy. It focused on
an exploratory analysis of data by investigators’ choice of
paclitaxel (60.1% of patients) or nab-paclitaxel (39.9% of
patients).
KEYNOTE-407 was a phase 3, randomised, double-blind
clinical trial in patients with advanced, untreated squamous
cell carcinoma [4]. Key eligibility criteria were an ECOG of 0-1,
available tissue sample for PD-L1 testing, no symptomatic
brain metastasis, and no pneumonitis requiring systemic
steroids. Other than a higher percentage of East-Asian
patients treated with nab-paclitaxel, baseline characteristics

between the two groups were well balanced. They were
stratified by choice of taxane, region of enrolment (Eastern
Asia vs the rest of the world), and PD-L1 tumour proportion
score. OS in the pembrolizumab arm was significantly better
than placebo regardless of choice of taxane (Figure 5). The
HR in the paclitaxel group was 0.67 vs 0.59 in the nabpaclitaxel group [4]. However, Dr Halmos noted that although
survival appeared to be numerically better in both arms for
the nab-paclitaxel patients, confidence intervals were wide
and overlapped.
Figure 5 Overall survival in an exploratory analysis of taxane choice and
KEYNOTE-407 outcomes [4]
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to Prof. Reck, efficacy was independent from PD-L1 status
and there were no increases in immune-related adverse
events (AEs) despite differences in the trial populations.
OS outcomes were similar in phase 3 randomised trials of
combination therapy for metastatic non-squamous cell
NSCLC. The KEYNOTE-189 trial reported an estimated OS
rate of 69.2% in the pembrolizumab-combination group vs
49.4% in the placebo-combination group (HR 0.49; P<0.001)
[5]. The IMpower150 trial found that adding atezolizumab
to bevacizumab plus chemotherapy significantly improved
OS (19.2 vs 14.7 months; HR 0.78; P=0.016). The outcome
was independent from PD-L1 expression or EGFR or
ALK genetic alteration [6]. Prof. Reck noted that while
immunotherapy combinations benefit selected populations,
convincing evidence for combining immunotherapy and
targeted therapies has yet to be found. “AE rates have
been unexpectedly high, but evaluation and clinical trials
are ongoing,” he said. According to Prof. Reck, predictive
markers are urgently needed to extend the benefits of
combination therapies to more patients. Other issues being
studied include the effects of sequencing on outcomes and
the use of immunotherapy combinations as maintenance
treatments.
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Progression-free survival benefits were also significantly
better. The HR was 0.52 in the paclitaxel cohort and 0.65 in
the nab-paclitaxel patients. The addition of pembrolizumab
to chemotherapy boosted ORR by about 20% in both groups.
According to Dr Halmos, the findings demonstrate
significantly improved overall survival, progression-free
survival, response rate, and an acceptable safety profile
regardless of taxane choice. “Our data clearly support
the addition of pembrolizumab to carboplatin/taxanebased doublet chemotherapy for first-line management of
advanced squamous cell NSCLC,” he said.
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New Aspects of Targeted Therapy
Targeted therapies are transforming cancer care.
The field is marked by rapid growth in the knowledge
of genes and pathways, and how they relate to the
tumour microenvironment. It is also marked by fastpaced advances in drug development and discoveries
of new actionable targets. Agents that target EGFR,
ALK, and VEGF show dramatic efficacy in patients
with specific mutations and molecular profiles.
Integration of genome-wide tumour analysis with
drug- and target-responsive phenotypes will expand
the reach of targeted therapies in the years ahead.

PD-L1 expression was lower in EGFRm-positive samples
than in EGRFm-negative ones. It was also uncommon at
higher thresholds (TC≥25% or TC≥50%) in EGRFm-positive
samples. There were no progression-free survival (PFS)
assessments in patients randomised to treatment with PDL1 TC≥25% or TC≥50% tumours; there were too few of them
to perform the analysis. Patients who received osimertinib
showed PFS benefit regardless of PD-L1 expression (Figure 6).
Figure 6 Patients received PFS benefit from osimertinib, regardless of PDL1 expression [1]

Osimertinib vs standard of care, PD-L1 expressers (TC≥1%)
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Prof. Suresh Ramalingam (Emory University School of
Medicine, Winship Cancer Institute, USA) presented data
on PD-L1 expression in untreated EGFR-mutant (EGFRm)
advanced NSCLC. He also discussed response to osimertinib
compared with standard EGFR tyrosine kinase inhibitors (TKIs)
in the phase 3 FLAURA trial [1]. “Where does immunotherapy
fit in patients with EGFR mutations and other driver events?”
asked Prof. Ramalingam. “This is a key, clinically important
question.”
Osimertinib is an oral, third-generation, CNS-active EGFR
TKI that potently and selectively inhibits both EGFR TKI
sensitising and EGFR T790M resistance mutations [1-5].
“The benefit of EGFR TKIs in treatment-naïve, EGFRm, PD-L1
positive patients is of high clinical interest,” Prof. Ramalingam
said. A recent study of pembrolizumab in EGFR TKI-naïve
patients with EGFRm and PD-L1 positive-advanced NSCLC
failed to demonstrate efficacy [6]. “It was halted early,”
said Prof. Ramalingam. However, the FLAURA trial showed
that osimertinib significantly improved PFS compared to
standard of care EGFR TKIs in patients with untreated
Ex19de/L858R-positive (EGFRm) NSCLC [1]. Participants
with locally advanced/metastatic NSCLC who were positive
for EGFRm and PD-L1 were stratified by mutation type
and race (Asian/non-Asian) before being randomised to
treatment. Exploratory endpoints included measurement
of PD-L1 expression in freshly sectioned archival tumour
tissue samples and assessment of clinical outcome by PD-L1
expression. Samples with tumour cell (TC) staining ≥1% were
defined as PD-L1 expressers.
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Accumulation of concomitant mutations
involved in drug resistance in sequential ALK
TKI treatments of ALK-positive NSCLC
ALK TKIs have shown promising clinical outcomes for ALKpositive lung cancer patients. Response to various TKIs is
influenced by distinct resistant-mechanisms for different ALK
fusion variants. An investigation of genomic alterations in
homogenous resistant-mechanisms reported their diversity
and complexity in response to next-generation ALK TKIs.
Cohort 1 included 475 ALK-positive lung cancer patients out
of a total 11,842 who underwent next-generation sequencing
to assess the distribution of ALK fusion variants. Cohort 2
included 52 NSCLC patients with a similar distribution of ALK
fusion variants as those in cohort 1. Mutation profiles of 416
cancer-relevant genes in their post-ALK TKI tumour samples
were analysed. The crizotinib-only treatment group included
35 patients; 17 other patients (the multi-TKI group) received
multiple lines of ALK TKIs, including lorlatinib, alectinib,
ceritinib, and brigatinib.
The two most common ALK fusion variants in in both cohorts
were EML4-ALK v3 and v1. In the crizotinib group, 17 (49%)
patients had 18 different ALK activating mutations; the number
in the multi-TKI group was 10 (59%). Both groups had different
mutation patterns. G1202R, found in 35% of patients, was the
most frequent ALK activating mutation. L1196M (14%) and
G1269A (11%) were more common in the crizotinib cohort.
Compared with the latter, there was significant enrichment of
concomitant ALK activating mutations in the multi-TKI group
(P=0.31). A trend showed an increased number of multi-TKI
patients with by-pass/downstream pathway activation of ALK
vs the crizotinib cohort (P=0.056). This led to higher recurrence
of dual activation of ALK and ALK by-pass/downstream
pathways in the multi-TKI (29%) group vs crizotinib-treated
patients (6%; P=0.031). Regardless of fusion variant types,
crizotinib-treated patients with concomitant TP53 mutation
had significantly shorter PFS compared with TP53 wildtype
patients. The median PFS was 8 vs 13 months (HR 1.494;
P=0.019). These findings suggest a higher frequency of
concomitant mutations after multiple TKI treatments. They
also indicate that concomitant TP53 mutation might be a
biomarker for worse clinical outcomes in patients treated with

crizotinib (Figure 7). Concomitant ALK activation mutations are
more common after multi-TKI treatments. In patients treated
with crizotinib alone, TP53 mutation might be a prognostic
biomarker of worse clinical outcomes.
Figure 7 TP53 might be a negative prognostic factor in ALK+ NSCLC
patients treated with crizotinib alone
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According to Prof. Ramalingam, these outcomes support the
following conclusions:
• EGFRm testing is critical prior to treatment initiation in all
patients with advanced NSCLC; and
• osimertinib should be used as first-line treatment of patients
with EGFRm advanced NSCLC, regardless of PD-L1 status.
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Crizotinib-treated ALK IHC-positive advanced
NSCLC is associated with an unfavourable
prognosis when FISH negative
ALK rearrangement detection using fluorescence in situ
hybridisation (FISH) or dichotomous immunohistochemical
staining (IHC) is a standard test to identify patients with
NSCLC eligible for treatment with ALK inhibitors [7]. A
European, prospective, multicentre study compared response
to treatment with crizotinib in ALK FISH+ and ALK FISH- in
patients with ALK IHC+. Central collection of stage 4 ALK
IHC+ NSCLC cases treated with crizotinib took place from
April 2014 to November 2017. Slides were centrally validated
for ALK IHC and ALK FISH. Monthly recording showed that
of 3,523 registered ALK IHC tests, 94 (2.6%) were ALK IHC+;
less than 0.01% were ALK IHC+ FISH- cases. Local ALK FISH
analysis identified 46 concordant (ALK IHC+/FISH+) cases and
18 that were discordant (ALK IHC+/FISH-). Central validation
in Antwerp, Belgium, found 37 concordant and 6 discordant
cases, 5 of which had follow-up. Limited tissue in the biopsy
samples hampered validation. Time to treatment was the
same for concordant and discordant cases (HR 0.78; P=0.64).
The same was true for local or validated ALK testing (HR
2.2; P=0.16). But, after central validation, overall survival was
significantly longer for patients with concordant cases than
discordant ones (HR 4.5; P=0.010) (Figure 8). Local testing
found otherwise (HR 1.7; P=0.44)
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The data indicates that ALK IHC+ FISH- patients have worse
survival when treated with crizotinib compared with ALK
IHC+ FISH+ patients. ALK IHC+ FISH- NSCLC cases are not
frequently encountered. Nonetheless, the survival difference
between the two groups mandates careful validation of ALK
IHC+ FISH- cases.

Figure 8 Overall survival based on central testing
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Mesothelioma
Malignant pleural mesothelioma (MPM) is an
aggressive and highly lethal cancer. Combined
treatment with two cancer immunotherapy drugs
significantly prolonged survival in mouse models of
MPM [1]. Recent findings from The Cancer Genome
Atlas Research Network provided both a rationale
and a biomarker for clinical trials of emerging antiVISTA immunotherapies [2]. Use of high-throughput
technologies to characterise the genomic and
epigenetic landscapes of mesothelioma may drive
advances in novel clinical treatments [3].

Unmet needs in surgical management of
malignant pleural mesothelioma
“There are lots of needs in the surgical management of
mesothelioma,” said Dr Valerie Rusch (Memorial SloanKettering Cancer Center, USA). She cited many opinions, only
modest amounts of data, and even less standardisation. The
minimal acceptable standards for optimal biopsy and staging
are controversial, said Dr Rusch. Questions center on whether
surgical biopsy (VATS) is always required and how many sites
should be biopsied to account for tumour heterogeneity. There
are two approaches to staging, she said—minimalist (CT ±
PET) or maximalist (CT, PET, MRI, EBUS, mediastinoscopy,
laparoscopy). Dr Rusch noted a tendency toward the use of less
extensive testing, even at cancer centres with longstanding
maximalist traditions. Patient selection for macroscopic
complete resection is another controversial subject. “In this
community and among surgeons,” said Dr Rusch, “opinion
is fairly strong that patients with pure sarcomatoid histology
10
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should probably not undergo surgical resection.” She said that
work by the IASLC multidisciplinary group to revise histology
subtypes might help resolve disagreements. Selection of
patients based on extent of disease is also in dispute. While
some surgeons say that they’ll never operate on patients
with identified lymph node metastasis, many others do not
hold that view. “There’s certainly no agreement as to which
patients should not be considered for surgery,” said Dr Rusch.
She also noted enormous discrepancies between current
clinical and pathological staging for CT vs PET. “There’s no
clear way to discriminate by tumour status alone,” she said,
adding that revision of tumour categories for the 9th edition
might help. She also said that continued investigation into
other ways to classify patients (e.g. by pleural thickness) will
be very important. Other areas in need of clarification include
surgical definitions and standards [4] as well as standards for
surgical resection (AJCC Cancer Staging Manual, 8th Edition).
“It is time for data-driven guidelines,” she said.

Who are the high-risk patients for surgical failure
in mesothelioma?
Dr Harvey Pass (NYU Langone Medical Center, USA) referred
to research on the identification of high-risk patients. He
noted the value of validated preoperative models, such as
EORTC, and novel variables applied to larger databases of
patients assessed for radical surgery. Recent research
has added many more variables to prognostic models. An
analysis of the IASLC MPM database found that clinical
(cTNM) staging was minimally stratified by survival and was
discrepant with pathologic (pTNM) staging [5].

Outcomes of quantitative image analysis on 472 eligible
patients found that quantitative clinical staging that combines
VolCT and Fmax improved prognostic performance. It was also
a cost-effective and clinically relevant surrogate for clinical TNM
stage [5]. Kodata et al. found that a nuclear grading system is a
strong predictor of survival in patients with epithelioid MPM [6].
A recent study validated that system and identified additional
prognostic factors [7]. From 1998 to 2014, Rosen et al. [7]
analysed cases of epithelioid MPM from 17 institutions across
the globe. They used the published system to compute nuclear
grade. They also evaluated mitotic count, presence or absence
of necrosis, and predominant growth pattern. A total of 776
cases included 301 (39%) nuclear grade 1 tumours, 354 (45%)
grade 2 tumours, and 121 (16%) grade 3 tumours. Median overall
survival (OS) was 16 months. It correlated independently with
age (P=0.006), sex (P=0.015), necrosis (P=0.030), mitotic count
(P=0.001), nuclear atypia (P=0.009), nuclear grade (P<0.0001),
and mitosis and necrosis score (P<0.0001). Adding necrosis
to nuclear grade stratified OS and enabled classification of the
disease into 4 distinct prognostic groups. Outcomes showed
that a nuclear grading system is a strong predictor of survival in
epithelioid diffuse MPM (Figure 9) [7].
Other recent studies have confirmed that nuclear grading in
epithelioid MPM is a strong and independent prognostic factor
[8].They’ve also identified epithelioid BAP1-negative and p16positive phenotypes as predictors of prolonged survival in
pleural mesothelioma [9]. Dr Pass described additional studies
with prognostic implications, such as tumour thickness and
gene expression. “Surgical decisions must involve more
sensitive, specific, and novel variables of either patient,
laboratory, imaging, or tissues characteristics,” he said.
Figure 9 Nuclear grade predicts survival in epithelioid malignant pleural
mesothelioma
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Agents that target VEGF receptors (e.g. bevacizumab) and multiangiokinase inhibitors (e.g. nintedanib) recently demonstrated
efficacy in the treatment of malignant mesothelioma in early
phase trials [10, 11]. These findings prompted Chia et al. [12] to
assess the prognostic implications of VEGF, PDGF, FGF, and the
angiogenesis marker, CD31, in malignant mesothelioma. They
used formalin-fixed, paraffin-embedded tissue samples from
329 patients to create tissue microarrays. All patients underwent
surgical resection or biopsy for malignant mesothelioma between
1988 and 2014. IHC staining via the H-score method was used
to analyse VEGF, PDGF, FGFR-1, and CD31 expression. The
discriminatory threshold was set for each IHC stain, and samples
were classified as low (below median) or high expression (above
median). Chalkey’s method [13] was used to evaluate CD31 IHC
microvessel density. The final Chalkey score was the mean of
three separate counts.
Out of 302 samples, 31 (10.3%) had a high (≥5) CD31 score,
regardless of histology. It was associated with significantly
poorer survival in all histology groups (OS 12 vs 8.6 months; HR
0.48; P=0.0044). In the epithelioid subgroup, a high CD31 score
was also associated with significantly poorer survival (OS 14.7
vs 10.1 months; HR 0.69, P=0.01). Of 310 tumour samples,
303 (98%) were classified as PDGF-CC IHC positive (>5% cells
stained). Of all samples, 203 (65%) had high (≥150) PDGF-CC.
However, the rate was higher in tumours with an epithelioid
histology (129/203, 64%). Data showed a non-significant trend
toward poorer survival for patients with epithelioid tumours
with increased PDGF-CC expression (high ≥150; low <150). OS
was 18.5 months vs 13.2 (HR 0.7928; P=0.110). There were no
associations between survival and VEGF IHC or FGFR-1 IHC, and
no differences between histological subtypes. This evaluation
showed significant expression of vascular and stromal
biomarkers in malignant mesothelioma, with high PDGF-CC
expression and CD31 scores associated with poor survival.
Inhibiting these pathways may have prognostic implications.
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Advanced Non-Small-Cell Lung Cancer
Non-squamous non-small-cell lung carcinoma
(NSCLC) tumours are tested for driver mutations and
rearrangements, typically EGFR, ALK, ROS1, MET, and
BRAF. In many centres, it is also common to screen
for less frequent but potentially targetable mutations,
including RET, ERBB2/HER2, and NTRK fusions [1].
In time, novel immune checkpoint inhibitors (ICIs)
will treat growing numbers of driver cell mutations in
squamous and non-squamous tumours. Combinations
of ICIs alone and with chemotherapy hold promise for
prolonging PFS and OS in patients with high PD-L1
expressing tumours. Growing knowledge of the biology
of NSCLC is rapidly reshaping treatment advanced
disease.

Patient-reported outcomes of first-line
nivolumab + ipilimumab in high tumour
mutational burden advanced non-small-cell
lung cancer

the first 6 months and every 6 weeks during treatment, and at
two follow-up visits. EQ-5D was assessed at survival follow-up
visits.
Completion rates were approximately 90% at baseline in the
nivolumab + ipilimumab and chemotherapy groups (n=583, for
both). They were over 80% for nearly all on-treatment assessments.
Fewer patients with high TMB in the nivolumab + ipilimumab arm
(n=139) reported symptom deterioration by week 12 vs those
who received chemotherapy (n=160). This was so whether they
were still receiving therapy or had discontinued it (22.3% vs 35%,
absolute RR 12.7%). Time to first deterioration (TTD) either onor off-treatment was longer in the nivolumab + ipilimumab group
vs chemotherapy. The HR for the LCSS ASBI was 0.40. It was
0.56 on the 3-Item Global Index (3-IGI). The estimated benefit in
TTD favoured the nivolumab + ipilimumab group for individual
symptoms in the ASBI and each item in the 3-IGI (HRs 0.48-0.74).
The exception was haemoptysis (HR 1.2), which had a very low
burden. The EQ-5D VAS (HR 0.62) and UI (HR 0.50) also showed
an advantage for patients who received nivolumab + ipilimumab.
In this group, mean changes from baseline indicated rapid and
clinically meaningful improvements in the LCSS ASBI/3-IGI and
EQ-5D VAS/UI. For patients in the chemotherapy arm, symptoms
and HRQoL remained stable (LCSS ASBI/3, EQ-5D UI) or improved
after completion of treatment (EQ-5D VAS). Despite the potential
for immune-related AEs, there were earlier and more durable
improvements in symptoms and HRQoL with immunotherapy vs
chemotherapy (Figure 10).

Probability of improving

Patient-reported health-related quality of life (HRQoL) outcomes
from the CheckMate 227 study [2] suggest rapid and sustained
improvements in patients treated with nivolumab + ipilimumab
vs chemotherapy. The phase 3, randomised CheckMate 227
trial enrolled patients with advanced NSCLC and a high tumour
mutational burden (TMB; ≥10 mutations/Mb). Those with a
PD-L1 level ≥1% were randomised to nivolumab + ipilimumab,
nivolumab monotherapy, or chemotherapy. Patients with a
tumour PD-L1 expression level of <1% were randomly assigned
Figure 10 Time to first improvement for LCSS ASBI and all measure on
to receive nivolumab + ipilimumab, nivolumab + chemotherapy,
treatment (common assessments) or follow-up in patients with high TMB
or chemotherapy.
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Avelumab vs docetaxel for previously treated
advanced non-small-cell lung cancer
The multinational, phase 3 JAVELIN Lung 200 trial investigated
the PD-L1 antibody avelumab vs docetaxel in patients with
advanced NSCLC after failure of platinum-based treatment.
Outcomes showed that avelumab had a favourable safety
profile but did not improve OS in patients with platinumtreated PD-L1 positive NSCLC. Eligible patients were ≥18
years old and had stage 3B/4 or recurrent NSCLC with
disease progression after platinum doublet therapy. Between
April 2015 and February 2017, 792 patients were randomised
to avelumab (10 mg/kg Q2W) or docetaxel (75 mg/m2 Q3W).
Randomisation was stratified by PD-L1 status (PD-L1+/PDL1-) and histology (squamous/non-squamous).
Of these patients, 264 in the avelumab arm and 265 in in the
docetaxel arm had PD-L1+ tumours. In this group, there was
no significant difference in median OS between the treatment
arms (11.4 vs 10.3 months; HR 0.90; one-sided P=0.16).
OS findings may have been confounded by subsequent
checkpoint inhibitor therapy in the docetaxel arm (26% vs
6% in the avelumab arm). Pre-planned exploratory analyses
based on higher PD-L1 cut-offs found increased OS with
avelumab vs docetaxel. The PD-L1 high subgroup (≥80% cutoff) included 29% of patients. Their OS was 17.1 months for
avelumab vs 9.3 months for docetaxel (HR 0.59; two-sided
P=0.0022). The PD-L1- medium/high subgroup group (≥50%
cut-off) included 40% of patients. Their OS was 13.6 vs 9.2
months (HR 0.67; two-sided P=0.0052) (Figure 11). Post-hoc
analysis also showed a trend for longer OS for avelumab in
the squamous NSCLC population.
The ORR in the PD-L1+ (≥1% cut-off) population was 18.9%
in the avelumab-treated group vs 11.7% in the docetaxel arm
(OR 1.76; one-sided P=0.0105). Median duration of response
(DoR) was not reached for avelumab. It was 6.9 months with

docetaxel (95% CI 3.5-not established). Rates of treatmentrelated AEs were lower with avelumab than docetaxel for
all grades (63.9% vs 85.8%) and grade ≥3 (9.9% vs 49.3%).
Immune-related AEs occurred in 16.5% of patients treated
with avelumab; 2.8% of patients had grade ≥3 AEs. Treatmentrelated deaths occurred in 1% of patients treated with
avelumab vs 4% of those in the docetaxel group. Several trials
of avelumab are ongoing in patients with NSCLC, including a
phase 3 trial of avelumab monotherapy as first-line treatment
for PD-L1+ NSCLC (JAVELIN Lung 100; NCT02576574).

Effects of dose modifications on safety and
efficacy of dacomitinib for EGFR-mutant nonsmall-cell lung cancer
In patients with EGFR mutation-positive advanced NSCLC,
first-line dacomitinib significantly improved PFS, OS, DoR,
and time to treatment failure vs gefitinib [3,4]. Stepwise dose
reduction from 45 mg to 15 mg once daily (QD) maintained
PFS and OS benefits while decreasing the incidence and
severity of treatment-related AEs.
Dacomitinib is an investigational, second-generation,
irreversible EGFR TKI [5]. The multinational, randomised,
phase 3 ARCHER 1050 trial investigated its safety and
efficacy. Eligible patients were treatment-naïve, had EGFR
activating mutation, no CNS metastases, and ECOG
performance status of 0 or 1. A total of 452 patients were
randomised to dacomitinib (45 mg QD) or gefitinib (250 mg
QD) in 28-day cycles. Randomisation was stratified by race
(Japanese, Chinese, other East-Asian, or non-Asian) and
EGFR mutation type (Ex19del or L858R). Protocol-defined
dose reduction parameters and study endpoints have been
previously described [3]. The investigators evaluated reasons
for dose reductions, and their effects on the incidence and
severity of AEs and key efficacy endpoints (PFS, OS, ORR).

Figure 11 Overall survival in medium and high PD-L1 subgroups (pre-planned analyses)
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The data cut-off date for OS was February 2017. It was July
2019 for other endpoints.
Approximately two-thirds (n=50; 66.1%) of patients had dose
reductions; 87 (38.3% of the overall population) went to 30
mg QD as the lowest dose. The lowest dose for 63 patients
(27.8% of the overall population) was 15 mg QD. All patients
had an initial dose reduction to 30 mg QD. Median time to
dose reduction for patients with the lowest dose of 30 mg QD
was 13 weeks. Among patients whose dose was reduced to
15 mg QD, median time to the first dose reduction to 30 mg
was 8 weeks. The subsequent median time for the reduction
to 15 mg QD was 12 weeks. The most common reason

for dose reductions were skin toxicities, with dermatitis
acneiform the leading AE. It was followed by diarrhoea,
paronychia, and stomatitis. The incidence and severity of AEs
decreased after dose reduction. Grade ≥3 diarrhoea fell from
11.3% to 4.0%. Dermatitis acneiform dropped from 15.3% to
6.17%, stomatitis from 3.35% to 2.7%, and paronychia from
7.3% to 4.7%.
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Novel Therapies in ROS1 and EGFR
High-throughput technology and next-generation
sequencing are bringing a once elusive precision to
the development of novel agents and combination
therapies for the treatment of NSCLC. Promising
outcomes will drive progress toward new standards
of care in targeted lung cancers.

Osimertinib and RET inhibitor BLU-667 in
an EGFR-mutant patient with acquired RET
rearrangement
The spectrum of acquired resistance to osimertinib is not yet
fully characterised. Piotrowska et al. investigated RET-specific
TKI BLU-667 and osimertinib in a cohort of acquired resistance
biopsies and one patient with RET-mediated acquired resistance
[1]. Osimertinib is a selective, CNS-penetrant, third generation
EGFR TKI approved by the FDA and EMA for front-line use [2].
BLU-667 is an investigational selective RET inhibitor with clinical
activity in NSCLCs and other cancers with RET alterations [3]. The
patient in this single-centre study was treated with osimertinib/
BLU-667 using an IRB- and FDA-approved compassionate
use protocol. Forty-one EGFR-mutant patients with acquired
resistance to osimertinib were histologically assessed and
screened by tissue (n=22) or plasma next-generation sequencing
(n=9), or both (n=10). Fusions in plasma and/or tissue were found
in 4 patients treated with osimertinib.
Tissue from one patient had co-occurrent CCDC-RET and
TPM3-NTRK1 fusions in circulating tumour DNA. Tissue
from the other patients showed fusions in CCDC-RET, PCB214
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BRAF, and AGK-BRAF. CCDC6-RET was expressed in EGRFm
NSCLC cell lines PC9 (Ex19del ) and MGH 134 (L858R/T790M).
These maintained MAPK signalling and conferred resistance
to osimertinib and afatinib. Inhibition of RET by BLU-667 or
cabozantinib resensitised cells expressing CCDC6-RET to EGFR
inhibition. A 60-year-old woman with Ex19del progressed on
afatinib (T790M+), then osimertinib. Tissue biopsy at osimertinib
acquired resistance found acquired CCDC6-RET (T790-wt). She
started osimertinib at 80 mg/BLU-667 200 mg daily for 2 weeks,
then BLU-667 at 300 mg daily. Dyspnoea improved within days
of starting treatment. Scans after 8 weeks showed a marked
response, with RECIST tumour shrinkage of 78% (Figure 12).
Study outcomes indicate that RET and other oncogene fusions
are a recurrent finding in EGFRm NSCLC with acquired resistance
to osimertinib and other EGFR TKIs. In vitro models suggest that
CCDC6-RET mediates EGFR resistance and can be inhibited
by combined EGFR + RET inhibition. This is the first report of a
Figure 12 Scans after 8 weeks of treatment with osimertinib/BLU-667
showed tumour shrinkage of 78%

Pre-treatment

After 8 weeks osimertinib/BLU-667

clinical response to combined EGFR + RET inhibition in EGFRm
NSCLC and acquired CCDC-RET fusion after osimertinib. At the
time of presentation, osimertinib/BLU-667 appeared to be well
tolerated, with only grade 1 AEs. Treatment is ongoing.

Central nervous system activity of
ramucirumab + osimertinib in patients with
advanced T790M-positive EGFR-mutant nonsmall-cell lung cancer
Paz-Ares et al. are conducting an ongoing, open-label,
multicentre phase 1 study on treatment with ramucirumab plus
osimertinib in patients with EGFRm T790M-positive NSCLC [4].
Outcomes suggest potential anti-tumour activity in the CNS
with the combined treatment, and a similar safety profile in
patients with and without CNS metastasis.
Osimertinib is a novel EGFR TKI with demonstrated systemic
and CNS efficacy [5]. Ramucirumab is a human IgG1 VEGFR2
mAb. Treatment with a VEGF mAb plus an EGFR TKI has shown
promising results in EGFR-mutant NSCLC [6]. This study’s
primary objective was the safety and tolerability of ramucirumab
+ osimertinib in patients with T790M-positive EGFR-mutant
(Ex19del or L858R) NSCLC. Eligibility criteria included relapse after
1L EGFR TKI therapy, asymptomatic and stable CNS metastasis
(with or without prior radiotherapy), or no CNS metastasis.
Enrolled patients (n=45) had an ECOG performance status of 0-1.
Ten patients had CNS metastasis at enrolment. Of this group,
7 patients had prior radiotherapy and 3 had no radiotherapy.
Median follow-up was 7.23 months. Fifteen patients remained
on study treatment (5 with CNS metastasis, 10 without).
Investigator assessed treatment-emergent AEs (e.g. headache,
vomiting, nausea) were comparable in the groups with and
without CNS metastasis. One patient suffered cerebral
haemorrhage (grade 1). It was related to CNS metastasis, not
study treatment. Approximately 7 weeks after the last dose of
ramucirumab, another patient with CNS metastasis developed a
treatment-emergent AE of grade 5 subdural haemorrhage. It was
unrelated to CNS metastasis. One patient with measurable CNS
metastasis had tumour shrinkage (24%), with a best response of
stable disease. The other 9 patients had non-measurable CNS
lesions; 1 had a CNS complete response, with a systemic best
response of stable disease. Sixty-seven percent (67%) of those
with non-measurable CNS metastasis had prior CNS radiation.
CNS response in the rest of the patients (n=25) was non-complete
and non-progressive. One patient had CNS progression due to
new CNS lesions. Her CNS best response was stable disease.
Twelve-month PFS was 48.9 months in all patients, 33.3 months
in those with CNS metastasis, and 60 months in those without
CNS metastasis. Ramucirumab plus an EGFR TKI is being
assessed in an ongoing phase 3 study (RELAY, NCT02411448).

Entrectinib treatment in patients with ROS1+
NSCLC
Brain metastases are often seen in treatment-naïve patients
with stage 4 ROS1+ NSCLC, and the CNS is a common first
site of progression [7]. Crizotinib is the only agent approved
for treatment of patients with stage 4 ROS1+ NSCLC.
However, preclinical data indicate that entrectinib is a more
potent ROS1 inhibitor than crizotinib [8]. Entrectinib is a
selective oral ROS1/NTRK/ALK TKI with activity in the CNS
[8]. Designed to cross the blood-brain barrier and remain in
the CNS, it is clinically active in primary brain tumours and
secondary CNS metastases.
Doebele et al. conducted an integrated analysis of three phase
1/2 studies—STARTRK-2 [9]; STARTRK-1 [10], and ALKA-372001 [10]. Enrolled patients had locally advanced or metastatic
solid tumours. The safety-evaluable population included
patients who had received ≥1 dose of entrectinib. The efficacy
analysis included those with ROS1+ NSCLC and identified
ROS1 fusions. Tumours were assessed at the end of cycle 1
and every 8 weeks thereafter. Primary endpoints were ORR
and DoR (blinded independent central review [BIRC]; RECIST
v1.1). Secondary endpoints were PFS and OS; intracranial
ORR and DoR in patients with or without measurable CNS
lesions at baseline; and safety and tolerability.
The efficacy analyses included 53 patients with treatmentnaïve ROS1+ NSCLC. BIRC-determined ORR was 77.4%, with
clinical response in 3 patients (5.7%). Median BIRC DoR was
24.6 months. Per baseline CNS status, median BIRC PFS
was 26.3 months for patients without CNS disease (n=30)
and 13.6 months for those with CNS metastases (n=23).
Intracranial ORR was 55.0% and the median intracranial DoR
was 12.9 months in patients with baseline CNS disease. The
median for entrectinib had not been reached. Most treatmentrelated AEs in the overall safety cohort (n=355) were grade
1-2. Entrectinib was tolerable, with a manageable safety
profile. Data show a robust systemic response in patients
with ROS1+ NSCLC treated with entrectinib compared with
crizotinib [7]. Outcomes suggest that those with ROS1
tumours may benefit from first-line use of a CNS-penetrant
ROS1 inhibitor.
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Advances in Small-Cell and
Neuroendocrine Tumours
A key challenge is to advance progress in the care of
patients with advanced small-cell and neuroendocrine
tumours. The development of new biomarkers,
prognostic factors, and therapeutic options has
been static for decades. New and important research
is starting to change the status quo for patients
with stage 4 small-cell lung cancer (SCLC) and
neuroendocrine tumours (NETs). For these patients,
the sooner the better.

Small-cell lung cancer circulating tumour cell
derived explants
In the last decade, there has been minimal progress toward an
improved prognosis for patients with SCLC. Circulating tumour
cells (CTCs) are an accessible liquid biopsy. They can be used
to generate CTC derived explants (CDXs), clinically relevant
models that might mirror patient response to therapeutics.
Vickers et al. conducted a single-centre retrospective analysis
of patients with SCLC who had at least one blood sample
taken for the discovery and validation of novel biomarkers
[1]. Paired blood samples were used for CTC enumeration
with CellSearch Technology and for the generation of CDX
models. Demographic and clinical data were analysed for
differences between patients whose blood samples generated
a CDX and those whose samples did not. A total of 231 paired
blood samples were taken from 147 patients; 45 CDXs were
generated from 34 patients. CTC number was higher in samples
with a CDX than in those without a CDX (P=0.001). Successful
progression samples had a lower CTC number than successful
baseline samples (P=0.026). Metastatic burden was higher in
patients who samples generated a CDX (P≤0.001). They also
had shorter PFS and OS outcomes (P≤0.001).
Findings showed that CTC number correlates with CDX
success, but a specific CTC phenotype may be more
important. CTCs at progression may have a more aggressive
phenotype than those at baseline, and CTCs may play a role
in the widespread dissemination of SCLC. CDXs seemed to
represent the SCLC patient population. This is important
when translating knowledge gained by studying CDXs into
clinical practice. Further genomic and phenotypic analysis of
subpopulations of CTCs may provide further insight.
16
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Spread through air spaces is prognostic in lung
neuroendocrine tumours
Aly et al. previously reported that spread through air spaces
(STAS) is associated with a worse prognosis in resected lung
adenocarcinoma and squamous cell carcinoma [2, 3]. The
aim of the current study was to investigate the incidence and
prognostic impact of STAS in lung neuroendocrine tumours
[4]. All tumour slides (median 3, range 2-7) from patients with
primary lung neuroendocrine tumours (n=628) were evaluated
for the presence of STAS. Cohorts included typical carcinoid (TC,
n=305), atypical carcinoid (AC, n=38), large-cell neuroendocrine
carcinoma (LCNEC, n=93), and small-cell lung carcinoma (SCLC,
n=57). Patients with combined neuroendocrine tumours were
excluded from the study (n=19). Aly et al. used the competing
risks approach to analyse the cumulative incidence of recurrence
and lung cancer-specific cumulative incidence of death.
STAS was identified in 25% neuroendocrine tumours. The TC
cohort accounted for 15%; AC, 37%; LCNEC, 43%; SCLC, 46%.
There were too few events (≤5) in the TC cohort to do a prognostic
analysis. Patients with STAS-positive tumours were associated
with higher cumulative incidence of recurrence than those with
STAS-negative ones. That was so in the total AC-LNEC-SCLC
cohort and in the individual AC, LNEC, and SCLC cohorts (Figure
13, A-D). STAS was also associated with higher lung cancerspecific cumulative incidence of death in all cohorts except AC
(Figure 13, E-H).
Multivariate analysis found that STAS was also an independent risk
factor for recurrence and lung cancer-specific death, independent
of stage and histologic subtype. Stratified by stage, STAS was an
independent predictor of recurrence (subhazard ratio [SHR] 2.39;
P=0.007) and lung cancer-specific death in LCNEC (SHR 2.42;
P=0.012). STAS was also an independent risk factor of lung cancerspecific death in SCLC. The data show that STAS is a significant
prognostic variable in individual neuroendocrine tumour subtypes
(AC, LCNEC, and SCLC) as well as adenocarcinoma and squamous
cell carcinoma. It is associated with early and distant metastasis
in lung neuroendocrine tumours and is also an independent
prognostic factor for cumulative incidence of recurrence and lung
cancer-specific cumulative incidence of death. The high clinical
utility of STAS supports its detection in all major histologic types
of lung cancer.

Figure 13 (A-D and E-H) Five-year cumulative incidence of recurrence and lung cancer-specific cumulative incidence of death in patients with STASpositive vs STAS-negative tumours
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Prognostic value of distant organ-specific
metastases in newly diagnosed lung
neuroendocrine tumours
Lung neuroendocrine tumours are rare neoplasms with poor
outcomes for patients with distant metastases. Nonetheless,
the prognostic value of metastatic sites remains unclear. Wen
et al. used the SEER database to fill this knowledge gap [5].
They extracted data on clinical-pathological characteristics,
specific metastatic sites, and outcomes of stage 4 lung
neuroendocrine tumours from the SEER database from 2010
to 2014. Estimates of OS and lung cancer-specific survival
were based on the Kaplan-Meier method. Comparisons were
developed using log-rank tests and Cox regression models.
The study included 12,337 patients with stage 4 neuroendocrine
tumours. The 5-year OS was 10.7%; it was 18.3% for lung
cancer-specific survival. At diagnosis, 2,159 patients had
specific organ metastases to the liver, lungs, bone, or brain.
The liver was the most common metastatic site (n=1,183
patients; 50.6%), followed by bone (n=801; 34.3%), lung (n=701;
29.9%), and brain (n=616; 26.4%). Patients with contralateral
lung metastases had significantly better outcomes compared
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to other patterns of metastasis. OS at 1 year was 63.2%; at
year 5, it was 43.2%. One-year lung cancer-specific survival
was 74.0%; the 5-year rate was 62.9% (P<0.001). Those with
any brain metastases had the most unfavourable outcomes.
One-year OS was 20.3%; at 5 years, the rate dropped to 2.1%
(P<0.001). One-year lung cancer-specific survival was 26.0%;
the 5-year rate was 7.7% (P<0.001) [5].
Multivariate regression on OS and lung cancer-specific
survival showed that age >60, male sex, poorer differentiation,
and brain metastases (all P<0.001) were independent
predictors of poor prognoses. Data indicated a nearly
twentyfold difference in 5-year survival between patients
with isolated lung and brain metastases.
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