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Are we facing a cure in lung cancer? —KEYNOTE-001 insights
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Pembrolizumab is a humanized monoclonal antibody
that blocks the programmed death 1 receptor (PD-1) and
has antitumor activity in advanced non-small-cell lung
cancer (NSCLC). The phase 1 trial first published in 2015,
included a total of 495 advanced NSCLC patients. The
patients received pembrolizumab at a dose of either 2 or
10 mg per kilogram of body weight every 3 weeks or
10 mg per kilogram every 2 weeks with progression-
free survival (PFS) of 3.7 months and median duration of
response (DOR) of 12.5 months. Among all patients, the
median overall survival (OS) was 12.0 months. In patients
with a PD-L1 immunohistochemistry [tumor proportion
score (TPS)] score of at least 50% the median PFS was
6.3 months and the response rate was 45.2%, thus, the
median OS was not reached (1).

In short, this is the first data that gives hope and shows
improvement in OS, for patients with advance NSCLC
with PDL1 expression at minimum of 50%.

The outstanding results of KEYNOTE-001 led to a
revolution in the field of lung cancer treatment, leading to
the incorporation of pembrolizumab as the backbone of
therapy in NSCLC therapy either as first- or second-line
therapy.

In the years that followed numerous trials of
pembrolizumab in the first line-setting showed improved
OS versus platinum-based chemotherapy in patients with
advanced NSCLC without epidermal growth factor receptor
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(EGFR) and anaplastic lymphoma kinase (ALK) alterations
and PD-L1 TPS of 50% or greater (KEYNOTE-024) (2)
and PD-L1 TPS of 1% or greater (KEYNOTE-042) (3).

Currently, the standard-of-care in first-line therapy is
pembrolizumab in combination with platinum doublet
chemotherapy, based on confirmatory phase 3 trials,
KEYNOTE-189 (non-squamous) (4) and KEYNOTE-407
(squamous) (5). Similar results have also been seen in trials
with other immune checkpoint inhibitors (ICI) (6-8).

An updated analysis of KEYNOTE-001 reported by
Shaverdian ez 4/. in 2017, showed longer median PFS (6.3
versus 2 months) and median OS (11.6 versus 5.3 months)
in patients who previously received any radiotherapy than
in patients without previous radiotherapy, respectively (9),
probably because of the abscopal effect due to massive cell
death and released neoantigen post radiotherapy, which
promote priming of immune cells against tumor antigens (10).

A recently published meta-analysis by Zhou ez al. of
five KEYNOTE trials evaluated indirectly the efficacy of
pembrolizumab monotherapy versus pembrolizumab plus
chemotherapy in the first-line therapy of patients with
advanced NSCLC and PD-L1, TPS >50%. The study
concluded that combination therapy further improves the
outcomes (11).

A new analysis of KEYNOTE-001 recently published
by Garon er al. in 2019, reports the longest follow-up of
efficacy and safety with median follow-up of 5 years for
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both treatment naive and previously treated patients with
advance NSCLC with PD-L1 positivity, and TPS of at
least 50% treated with pembrolizumab monotherapy. The
study showed that the estimated 5-year OS was 29.6% for
treatment-naive patients and 25.0% for previously treated
patients, with no late-onset grade 4 or 5 treatment-related
adverse events. The previously (pre-immunotherapy era)
reported 5 years survival in this population is about 5.5% (12).
Now, with 5-year OS close to 30%, the possibility of cure
in some patients for advanced NSCLC is real.

Interestingly, of the 74 patients with an EGFR mutation
included in the group of previously treated patients that
received pembrolizumab monotherapy, 9 patients from
this group were still alive after a median of 5 years, (PD-
L1 status not documented). The results presented lead us
to the question of the role of immunotherapy in patients
with EGFR/ALK driver mutations. Is combination
immunotherapy with a tyrosine kinase inhibitor (TKI)
superior to TKI monotherapy? Because the study presents
only the OS of this group it is not known whether the
improved survival is due to further lines of TKIs or to
pembrolizumab.

It is important to note that Lisberg et 4/. showed that in
EGFR mutated patients with PD-L.1 TPS of at least 1% or
even >50% there was no advantage to adding pembrolizumab
to TKI naive patients with advanced NSCLC (13). In
a phase Ib trial reported by Ahn ez 4/. the combination
of EGFR-TKIs with durvalumab showed no benefit
and was associated with a high rate of pneumonitis (14).
Interestingly, in a study by Rudin ez /. an increase in PD-
L1 expression and CD8+ T-cell tumor infiltration were seen
in some patients after EGFR-TKI therapy (15).

Despite the outstanding survival rates, there are
still patients who do not respond to pembrolizumab
or do respond but develop acquired resistance. In
KEYNOTE-001 five patients progressed after 3 years
on pembrolizumab most probably due to development of
acquired resistance. Four patients received pembrolizumab
beyond progression for 2 to 3.5 years. The efficacy of
immunotherapy, is currently limited due to mechanisms of
resistance. The results so far of clinical trials have led us to
the beginning of an understanding of the mechanisms of
resistance to immunotherapy. By further analyzing those
mechanisms and establishing new strategies to counter
them, the efficacy of immunotherapy could be significantly
improved (16).

In summary, the 5-year follow-up of the KEYNOTE-001
trial shows a long-term OS benefit with a manageable
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safety profile for PD-L1-expressing treatment-naive
advanced NSCLC. Better efficacy was observed in patients
with TPS>50% with estimated 5-year OS of 29.6% for
treatment-naive patients and 25.0% for previously treated
patients. We are entering a new era where metastatic lung
cancer is potentially curable, at least in terms of 5-year OS.

Acknowledgments

We are grateful to our colleague Prof. David Geffen who
kindly reviewed the manuscript.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

References

1.  Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the
treatment of non-small-cell lung cancer. N Engl ] Med
2015;372:2018-28.

2. Reck M, Rodriguez-Abreu D, Robinson AG, et al.
Pembrolizumab versus Chemotherapy for PD-L1-
Positive Non-Small-Cell Lung Cancer. N Engl ] Med
2016;375:1823-33.

3. Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab
versus chemotherapy for previously untreated, PD-L1-
expressing, locally advanced or metastatic non-small-cell
lung cancer (KEYNOTE-042): a randomised, open-label,
controlled, phase 3 trial. Lancet 2019;393:1819-30.

4. Diker O. Pembrolizamab plus Chemotherapy in Lung
Cancer. N Engl ] Med 2018;379:¢18.

5. Paz-Ares L, Luft A, Vicente D, et al. Pembrolizumab
plus Chemotherapy for Squamous Non-Small-Cell Lung
Cancer. N Engl ] Med 2018;379:2040-51.

6. Reck M, Schenker M, Lee KH, et al. Nivolumab plus
ipilimumab versus chemotherapy as first-line treatment
in advanced non-small-cell lung cancer with high tumour
mutational burden: patient-reported outcomes results
from the randomised, open-label, phase III CheckMate
227 trial. Eur J Cancer 2019;116:137-47.

7. Rittmeyer A, Barlesi E, Waterkamp D, et al. Atezolizumab

Ann Transl Med 2019;7(Suppl 6):S215 | http://dx.doi.org/10.21037/atm.2019.08.87



Annals of Translational Medicine, Vol 7, Suppl 6 September 2019

10.

11.

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.

Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab
for First-Line Treatment of Metastatic Nonsquamous
NSCLC. N Engl ] Med 2018;378:2288-301.

Shaverdian N, Lisberg AE, Bornazyan K, et al. Previous
radiotherapy and the clinical activity and toxicity of
pembrolizumab in the treatment of non-small-cell lung
cancer: a secondary analysis of the KEYNOTE-001 phase
1 trial. Lancet Oncol 2017;18:895-903.

Liu Y, Dong Y, Kong L, et al. Abscopal effect of
radiotherapy combined with immune checkpoint
inhibitors. ] Hematol Oncol 2018;11:104.

Zhou Y, Chen C, Zhang X, et al. Immune-checkpoint
inhibitor plus chemotherapy versus conventional
chemotherapy for first-line treatment in advanced non-
small cell lung carcinoma: a systematic review and meta-

Cite this article as: Cohen AY, Kian W, Roisman LC, Levitas
D, Peled N, Dudnik Y. Are we facing a cure in lung cancer?—
KEYNOTE-001 insights. Ann Transl Med 2019;7(Suppl 6):S215.
doi: 10.21037/atm.2019.08.87

© Annals of Translational Medicine. All rights reserved.

12.

13.

14.

15.

16.

Page 3 of 3

analysis. ] Immunother Cancer 2018;6:155.

National Cancer Institute. Howlader N, Noone AM, et al.
SEER Cancer Statistics Review (CSR) 1975-2015.
Available online: https://seer.cancer.gov/csr/1975_2015/
Lisberg A, Cummings A, Goldman JW, et al. A Phase II
Study of Pembrolizumab in EGFR-Mutant, PD-L1+,
‘Tyrosine Kinase Inhibitor Naive Patients With Advanced
NSCLC.J Thorac Oncol 2018;13:1138-45.

Ahn MJ, Yang J, Yu H, et al. 1360: Osimertinib combined
with durvalumab in EGFR-mutant non-small cell lung
cancer: Results from the TATTON phase Ib trial. ]
Thorac Oncol 2016;11:S115.

Rudin C, Cervantes A, Dowlati A, et al. MA15.02 Long-
Term Safety and Clinical Activity Results from a Phase

Ib Study of Erlotinib Plus Atezolizumab in Advanced
NSCLC. J Thorac Oncol 2018;13:5407.

Sharma P, Hu-Lieskovan S, Wargo JA, et al. Primary,
Adaptive, and Acquired Resistance to Cancer
Immunotherapy. Cell 2017;168:707-23.

Ann Transl Med 2019;7(Suppl 6):S215 | http://dx.doi.org/10.21037/atm.2019.08.87



