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Immune checkpoint inhibitors have shown
remarkable efficacy in patients with advanced
non-small cell lung cancer (NSCLC) and have
been approved for these patients. Nivolumab,
pembrolizumab and atezolizumab improved
outcome of patients with advanced NSCLC
compared with docetaxel among patients who
had been pretreated with chemotherapy.'™
Pembrolizumab improved overall survival
among chemo-naive patients with advanced
NSCLC and programmed death-ligand 1
(PD-L1) expression in >50% of tumour cells.”
Among patients with PD-L1 levels below 50%,
however, pembrolizumab as single agent
did not increase progression-free survival or
overallsurvival compared with chemotherapy.’
Nivolumab failed to improve outcome
compared with platinum-based chemo-
therapy in patients with PD-L1 expression
in >5%.” Among patients with high tumour
mutational burden, nivolumab combined
with ipilimumab increased overall survival
compared with Chemothempy.8 Combina-
tions of first-line chemotherapy with immune
checkpoint inhibitors were recently shown
to improve outcome compared with chemo-
therapy alone.” ' Pembrolizumab added to
platinum-based chemotherapy increased
progression-free survival and overall survival
compared with chemotherapy in advanced
NSCLC, both among patients with PD-L1
levels >1%and those with levels <1%.” The
addition of atezolizumab to chemotherapy
plus bevacizumab also improved outcome
including overall survival among patients
with metastatic non-squamous cell NSCLC."

While the therapeutic advances with immune
checkpoint inhibitors are clinically mean-
ingful, these benefits are limited to a fraction of
patients. Within phase III trials, response rates
of immune checkpoint inhibitors were higher
in the chemo-naive than pretreated patients
and highest in combination with firstline

chemotherapy.'™ ' In patients who had been
pretreated with chemotherapy, response
rates with immune checkpoint inhibitors as
single agents were 19%—-20% for nivolumab,
29%-30% for pembrolizumab and 14% for
atezolizumab, respectively.l_4 In chemo-maive
patients, a response rate of 44.8% was achieved
with pembrolizumab among patients with
PD-L1 expression in >50% of tumour cells.”
When combined with platinum-based chemo-
therapy, the response rates were 47.6% for
chemotherapy plus pembrolizumab’ and
63.5% for chemotherapy plus bevacizumab
plus atezolizumab. "’

Because only a fraction of patients benefits
from immune checkpoint inhibitors, predic-
tive biomarkers have been of great interest
and have been studied as part of the clinical
development of immune checkpoint inhib-
itors. Predictive biomarkers could be based
on patient characteristics or tumour features
including molecular aberrations. Any clinically
useful predictive biomarker should be simple,
easy to determine, reliable and cost-effective. A
predictive biomarker in patients with advanced
NSCLC, however, will most likely never be
perfect because of the complexity and hetero-
geneity of this disease. Despite this limitation,
biomarkers can still be clinically useful for
selecting or at least enriching patients who will
derive the greatest benefit from treatment with
immune checkpoint inhibitors.

Smokingrelated lung cancer is among
those cancers with the highest tumour
mutational burden.'"" Smoking-related lung
cancers have a higher mutational burden
than those of never-smokers. High mutational
burden results in the expression of a higher
number of neoantigens on the surface of
tumour cells which could then serve as targets
for the immune system. Consistent with this,
immune checkpoint inhibitors were found
to be more active in lung cancers of smokers
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than in those of never-smokers. Based on a literature
review, Norum and Nieder also reported that patients with
lung cancer, who were current or former smokers, had
higher PD-L1 levels in their tumours and showed a better
response to immunotherapy than never-smokers.'” These
findings might suggest smoking history as a biomarker to
guide treatment with immune checkpoint inhibitors in
patients with advanced NSCLC. In my opinion, however,
smoking status is neither the best biomarker nor should
it be recommended as a biomarker for guiding treatment
with immune checkpoint inhibitors in patients with lung
cancer. The reasons for my opinion are several fold.

First, subgroup analyses of data from phase III trials
showed inconsistencies with regard to the association
between smoking history and benefit from treatment with
immune checkpoint inhibitors. The HRs for nivolumab
were 1.02 (95% CI 0.64 to 1.61) for never-smokers and
0.70 (95% CI 0.56 to 0.86) for former/current smokers
among pretreated patients with non-squamous cell
NSCLC? whereas the HRs seen with atezolizumab were
similar between neverssmokers and current smokers
among pretreated patients with NSCLC.* In chemo-naive
patients with PD-L1 levels 250%, the benefit of pembroli-
zumab over platinum-based chemotherapy was seen
among former and current smokers but not among never-
smokers.” The combination of pembrolizumab with first-
line chemotherapy benefited both never-smokers and
smokers.” Therefore, these inconsistencies argue against
smoking history for patient selection.

Second, the fact that more than 80% of lung cancers in
many countries of the Western world are smoking-related
limits the usefulness of smoking history. Considering the
degree of smoking, for example, pack-years, might over-
come this limitation, although its exact assessment would
be challenging in routine practice.

Third, smoking history as selection parameter faces the
challenge that never-smokers, who will be aware of the
benefits of these drugs, will be inclined to declare them-
selves as smokers in order to become eligible for treat-
ment with these drugs.

Finally, a predictive biomarker should primarily focus
on the therapeutic target of a drug. Immune checkpoint
inhibitors in current clinical use are directed against
PD-1, PD-L1 or cytotoxic T-lymphocyte associated protein
4. Therefore, expression of these targets on tumour cells
and/or immune cells should primarily serve as predic-
tive biomarker(s). The PD-1/PD-L1 system lends itself as
a predictive biomarker for anti-PD-1 antibodies or anti-
PD-L1 antibodies. Clinical development of these drugs,
therefore, focused on PD-L1 expression of tumour cells
and/or immune cells. Expression was either part of the
inclusion criteria, used for stratification, or assessed in
order to determine the association between PD-L1 levels
and clinical outcome such as response rate, progres-
sion-free survival and overall survival. The clinical studies
used different antibodies and different cut-offs. These
differences between studies and their potential clinical
implications have been critically assessed."”

Nivolumab improved outcome compared with docetaxel
in patients with squamous cell and non-squamous cell
NSCLC. Among patients with squamous cell NSCLC, the
survival benefit from nivolumab was slightly higher in
those with higher PD-L1 levels." As an example, the HRs
were 0.50 (95% CI 0.28 to 0.89) and 0.70 (95% CI 0.48
to 1.01) for PD-L1 210% and PD-L1 <10%, respectively.
Among patients with non-squamous cell NSCLC, however,
a clear interaction between PD-L1 expression levels on
tumour cells and survival benefit achieved with nivolumab
was seen.” Nivolumab increased overall survival with a HR
of 0.40 (95% CI 0.26 to 0.59) among patients with PD-L1
levels 210% but did not improve outcome among those
with PDL-LI levels <10% (HR 1.00, 95% CI 0.76 to 1.31).
The survival benefit of pembrolizumab over docetaxel
was also greater among patients with PD-L1 expression in
250% of tumour cells than among those with expression
in 1%-49% of tumour cells.” The corresponding HRs were
0.53 (95% CI 0.40 to 0.70) and 0.76 (95% CI 0.60 to 0.96),
respectively. The atezolizumab trials studied PD-L1 expres-
sion on both tumour cells and tumour-infiltrating immune
cells as biomarker. The survival benefit of atezolizumab
over docetaxel increased with increasing PD-L1 expres-
sion.! The HRs were 0.41 (95% CI 0.27 to 064), 0.67 (95%
CI 0.49 to 0.90) and 0.75 (95% CI 0.59 to 0.96) for TC3
or IC3, TC2/3 or 1C2/3, and TCO and ICO, respectively.
Among chemo-naive patients, pembrolizumab improved
outcome including overall survival compared with chemo-
therapy among patients with PD-L1 expression in >50%
of tumour cells” but failed to do so in patients with lower
expression.” When combined with chemotherapy, the effi-
cacy of pembrolizumab was similar between patients with
low and high PD-L1 expression, whereas the efficacy of
atezolizumab was more pronounced in patients with high
PD-L1 expression.” '’

PD-L1 expression levels of tumours (with or without
combination of PD-L1 expression on immune cells) can be
clinically useful for guiding treatment with immune check-
point inhibitors in patients with advanced NSCLC. Further
translational research should better refine the PD-1/PD-L.1
system as predictive biomarker (s). Tumour mutational load
lends itself as another predictive biomarker.® The current
implementation of this biomarker in clinical practice will
better define its clinical relevance.

The necessity of predictive biomarkers for immune
checkpoint inhibitors might diminish in the future, based
on the recent findings. The addition of pembrolizumab to
firstline platinum-based chemotherapy improved overall
survival among patients with advanced NSCLC, and the
magnitude of the survival benefit was clinically meaningful
also in patients with PD-L1 expression in <1% of tumour
cells in whom the HR was 0.59 (95% CI 0.38 to 0.92).
Atezolizumab added to chemotherapy plus bevacizumab
improved progression-free survival in both patients with
high PD-L1 expression and those with low expression.'’ The
HRs for progression were 0.39 (95% CI 0.25 to 0.60) for
TC3 or IC3, 0.56 (95% CI 0.41 to 0.77) for TC1/2 or IC1/2
and 0.77 (95% CI 0.61 to 0.99) for TCO and ICO. In the
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future, therefore, it is likely that all patients with advanced
NSCLC will be treated with chemotherapy combined with
immune checkpoint inhibitors. Whether financial or other
considerations will still demand predictive biomarkers for
these combinations remains to be seen.

In summary, smoking history should not be used as a
predictive biomarker for selecting patients with advanced
lung cancer for treatment with immune checkpoint inhib-
itors. In contrast, research on the PD-1/PD-L1 system
as predictive biomarkers should be intensified. Thera-
peutic advances such as those undoubtedly achieved with
immune checkpointinhibitors, however, must not distract
from the worldwide necessity of stricter tobacco control
efforts which will eventually result in much greater bene-
fits than any cancer treatment in coming decades will ever
be able to achieve.

Contributors RB is the sole author of this article.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests RB received honoraria from Merck Sharp Dohme for serving
as a member of the Data Monitoring Committee of pembrolizumab trials in lung
cancer.

Patient consent Not required.
Provenance and peer review Commissioned; internally peer reviewed.

Open access This is an open access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms,
provided the original work is properly cited, appropriate credit is given,

any changes made indicated, and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/.

1.

10.

11.

12.

13.

Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus docetaxel
in advanced squamous-cell non-small-cell lung cancer. N Engl J Med
2015;373:123-35.

Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel

in advanced nonsquamous non-small-cell lung cancer. N Engl J Med
2015;373:1627-39.

. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel

for previously treated, PD-L1-positive, advanced non-small-cell
lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet
2016;387:1540-50.

. Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizumab versus

docetaxel in patients with previously treated non-small-cell lung
cancer (OAK): a phase 3, open-label, multicentre randomised
controlled trial. Lancet 2017;389:255-65.

Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab
versus chemotherapy for PD-L1-Positive non-small-cell lung cancer.
N Engl J Med 2016;375:1823-33.

Lopes G, Wu Y-L, Kudaba |, et al. Pembrolizumab (pembro) versus
platinum-based chemotherapy (chemo) as first-line therapy for
advanced/metastatic NSCLC with a PD-L1 tumor proportion score
(TPS) > 1%: Open-label, phase 3 KEYNOTE-042 study. J Clin Oncol
2018;36:LBA4.

Carbone DP, Reck M, Paz-Ares L, et al. First-line nivolumab in
stage IV or recurrent non-small-cell lung cancer. N Engl J Med
2017;376:2415-26.

Hellmann MD, Ciuleanu TE, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden.

N Engl J Med 2018;378:2093-104.

Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J
Med 2018;378:2078-92.

Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first-
line treatment of metastatic nonsquamous NSCLC. N Engl J Med
2018;378:2288-301.

Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures of
mutational processes in human cancer. Nature 2013;500:415-21.
Norum J, Nieder C. Tobacco smoking and cessation and PD-L1
inhibitors in non-small cell lung cancer (NSCLC). A review of the
literature. ESMO Open. In Press. 2018.

Hirsch FR, McElhinny A, Stanforth D, et al. PD-L1
immunohistochemistry assays for lung cancer: results from phase
1 of the blueprint PD-L1 IHC assay comparison project. J Thorac
Oncol 2017;12:208-22.

Pirker R. ESMO Open 2018;3:6000421. doi:10.1136/esmoopen-2018-000421


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1056/NEJMoa1504627
http://dx.doi.org/10.1056/NEJMoa1507643
http://dx.doi.org/10.1016/S0140-6736(15)01281-7
http://dx.doi.org/10.1016/S0140-6736(16)32517-X
http://dx.doi.org/10.1056/NEJMoa1606774
http://dx.doi.org/10.1056/NEJMoa1613493
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1038/nature12477
http://dx.doi.org/10.1016/j.jtho.2016.11.2228
http://dx.doi.org/10.1016/j.jtho.2016.11.2228

	Is smoking history the truly best biomarker for immune checkpoint inhibitor treatment in advanced non-small cell lung cancer?
	References


