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Abstract: Recent years have witnessed a revolution in the era of immune checkpoint inhibitors (ICIs).
It has greatly impacted the oncological field and especially advanced non-small cell lung cancer (NSCLC)
treatment. Here, we summarized the 3 main treatment protocols for a specific population of NSCLC with
strong PD-L1 staining (PD-L1 ≥50%); which include ICI (e.g., pembrolizumab) monotherapy, ICI in
combination with chemotherapy or combination ICIs. To date, it is uncertain whether there is a therapeutic
difference amongst the PD-L1 TPS ≥50% group in comparison to other PD-L1 subdivisions. The findings
reviewed here show that the combination ICI with chemotherapy yields the best response rate in comparison
to other treatment protocols. Crucially, this treatment protocol is highly suggested for patients with high
disease burden, especially for those with liver or brain involvement.
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Introduction
Immune checkpoint inhibitors (ICIs) are monoclonal
antibodies which function through blocking the inhibitory
immune-surveillance of tumor cells pathways. Most common
pathways include programmed death-1 (PD-1) on T-cells,
programmed death ligand-1 (PD-L1) on tumor cells,
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
on activated T-cells (1).
ICIs (e.g., pembrolizumab) have become a major
landscape treatment in advanced non-small cell lung cancer
(NSCLC) (2). Recently, it represents the novel standard
of care, either as monotherapy, in patients with PD-L1
tumor proportions score (TPS) expression ≥50%, or in
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combination with doublet platinum-based chemotherapy,
regardless of histology and PD-L1 expression levels. These
treatment standards have shown survival benefit, and safe
manageable adverse events profile compared to standard
chemotherapy as summarized in Table 1.
Recently FDA has approved the combined therapy of
nivolumab with ipilimumab for NSCLC (10). Although the
therapeutic options are increasing, there is still an unmet
need for biomarkers to lead a better drug selection and
particularly for the PDL1 >50% cohort, which may have
significant benefit from any of those regimens.
Currently, there are two main biomarkers to predict
response to ICIs; TPS for PD-L1 immunohistochemistry
(IHC) and tumor mutation burden (TMB) (11,12). Here,

Precis Cancer Med 2020;3:7 | http://dx.doi.org/10.21037/pcm.2019.11.08

Page 2 of 6

Precision Cancer Medicine, 2020

Table 1 Outcome summary of NSCLC clinical trials with PD-L1 status ≥50%
First line treatment Study (phase III)
Single
immunotherapy

NSCLC histology PD-L1 status Overall survival/response rate

KEYNOTE 024:
Squamous/
Cohort A: pembrolizumab; non-squamous
Cohort B:
chemotherapy

TPS ≥50%

6 months survival rate: 80.2% vs. 72.4%
(HR 0.6; P=0.005)

Reference
(3,4)

3 years survival rare: 43.7% vs. 24.9% (HR 0.49)
Median OS: 30 vs. 14.2 months (HR 0.63)
ORR: 44.8% vs. 27.8%

KEYNOTE 042:
Cohort A:
pembrolizumab;
Cohort B:
chemotherapy
Combination
chemoimmunotherapy

Squamous/
non-squamous

TPS ≥50%

2-year survival rate: 45% vs. 30%

(5)

Median OS: 20 vs. 12.2 months (HR 0.69;
P=0.0003)
ORR: 39% vs. 32%

KEYNOTE 189: Cohort
Non squamous
A: chemotherapy +
pembrolizumab; Cohort B:
chemotherapy + placebo

TPS ≥50%

1-year survival rate: 73% vs. 48% (HR, 0.42)

(6-8)

2-year survival rate: 51.9% vs. 39.4% (HR 0.59)
Median OS: NR (20.4 months–NE)
ORR: 61.4% vs. 22.9%

KEYNOTE 407: Cohort
Squamous
A: Chemotherapy +
pembrolizumab; Cohort B:
chemotherapy + placebo

TPS ≥50%

1-year survival rate: 63.4% vs. 51.0% (HR 0.64;
P<0.0008)

(9)

Median OS: NR (11.3–NE)
ORR: 60.3% vs. 32.9%

Combination
immunotherapy

CHECKMATE 227:
Cohort A:
nivolumab + ipilimumab;
Cohort B: nivolumab;
Cohort C: chemotherapy

Squamous/
non-squamous

TPS ≥50%

1-year survival rate: 67% vs. 61% vs.54%

(10)

2-year survival rate: 48% vs. 42% vs. 36%
Median OS: 21.2 vs. 18.1 vs. 14 months, cohort
A, B, C, respectively. (HR 0.79 cohort A vs. C)
ORR: 44.4% vs. 36.9% vs. 35.4%

NSCLC, non-small cell lung cancer; TPS, tumor proportion score; OS, overall survival; PFS, progression free survival; ORR, objective
response rate; HR, hazard ratio; NR, not reached; NE, not estimated.

we will discuss the updated data for single vs. combinational
therapy for the specific population of NSCLC with strong
PD-L1 staining.
Single immunotherapy as first-line treatment of advanced
NSCLC, PD-L1 expression ≥50%
There are two-phase III trials that have confirmed the
benefit of immunotherapy as single agent in comparison to
doublet platinum chemotherapy, in advanced NSCLC with
PD-L1 expression ≥50%.
KEYNOTE-024 is a multicenter; phase III trial,
which enrolled 305 patients with advanced NSCLC PDL1 TPS ≥50% (3). These patients were randomized to
receive standard platinum chemotherapy (4-6 cycles) versus
pembrolizumab 200 mg every 3 weeks. After a median
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11.2 months, it was concluded that all the results favored
pembrolizumab, including progression-free survival PFS
(HR 0.50; P<0.001), overall survival OS (HR 0.60; P=0.005)
and objective response rate (ORR 44.8% vs. 27.8%)
compared to standard chemotherapy. Moreover, a further
updated analysis of KEYNOTE-024 after median followup of more than 3 years has shown the effectiveness of
pembrolizumab with median OS of 30 months compared to
14 months (HR 0.63) in standard chemotherapy in spite of
cross-over design of the study (4).
The second multicenter phase III trial (KEYNOTE-042)
enrolled 1,274 patients with advanced NSCLC subdivided
in 3 different cohorts according to PD-L1; TPS ≥1%,
≥20% and ≥50% (5). The patients were randomized to
receive pembrolizumab 200 mg every 3 weeks vs. platinumbased chemotherapy. After median follow-up of 13 months,
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the trial demonstrated a significant improvement in OS (20
vs. 12.2 months) in PD-L1 TPS ≥50% subgroup (N=300)
who were treated with pembrolizumab compared to
standard chemotherapy (HR 0.69; P=0.0003). Meanwhile,
in patients with PD-L1 TPS ranging 1–49% no significant
OS improvement has been observed (17 vs. 12 months)
compared to chemotherapy arm (HR 0.92).
Based on these two groundbreaking trials, pembrolizumab
monotherapy is considered a standard first-line option for
patients with advanced NSCLC and PD-L1 TPS ≥50%.
Combination immuno-chemotherapy as first-line
treatment of advanced NSCLC, PD-L1 expression ≥50%
Following the approval of pembrolizumab for NSCLC
with strong PD-L1 expression, as discussed above, two
additional positive clinical trials lead to a preferred regimen
of combination of chemotherapy with pembrolizumab over
chemotherapy alone in all NSCLC who are negative for
EGFR and ALK, unrelated to PD-L1 status. Unfortunately,
there is no study comparing the benefit of adding
chemotherapy to pembrolizumab for the strong PD-L1
sub-population.
KEYNOTE-189 trial enrolled 616 metastatic nonsquamous NSCLC patients, who were randomized 2:1
to receive pemetrexed and platinum-based therapy plus
either pembrolizumab (200 mg every 3 weeks for 4 cycles)
or placebo (6). This was followed by pembrolizumab or
placebo for up to a total of 35 cycles plus pemetrexed
maintenance therapy. The patients were stratified according
to PD-L1 expression (TPS ≥1% vs. <1%). Furthermore,
patients within TPS ≥1% group were further equally
divided to TPS 1–49% and ≥50% subgroups. The
trial concluded that the benefit of the pembrolizumab
combination therapy is superior in all PD-L1 subgroups
compared to standard chemotherapy. Furthermore, an
estimated 1-year OS in intended to treat patients was 69%
vs. 49% in the pembrolizumab combination therapy vs.
chemotherapy group (HR 0.49; P<0.001), with median
PFS of 8.8 vs. 4.9 months (HR 0.52; P<0.001), respectively.
Moreover, within TPS ≥50% subgroup (N=202), the
combination therapy in comparison to chemotherapy alone,
had a 1-year OS rate of 73% compared with 48% (HR 0.42)
and an ORR (61.4% vs. 22.9%), Respectively.
An updated analysis of KEYNOTE189 after median
follow-up of 19 months, showed that all the results
preferred combination therapy with median OS (22 vs.
10 months) and PFS (9 vs. 4.9 months) which was found
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to be statistically significant (P<0.00001) compared to the
chemotherapy arm. importantly, the median OS within
TPS ≥50% subgroup has not been reached (7,8).
The KEYNOTE-407 trial is similar in nature
to KEYNOTE-189 trial described above with the
main difference in the inclusion criteria of the study
design including metastatic squamous NSCLC for
KEYNOTE-407 and non-squamous NSCLC patients
KEYNOTE-189 (9). The combination of chemotherapy
plus pembrolizumab was associated with improved ORR
(58.4% vs. 35.0%, P=0.0004) and improved median OS
16 vs. 11.3 months (HR 0.64, P=0.0008) compared to
chemotherapy alone. The benefit in OS was seen across
PD-L1 expression (TPS <1% HR 0.61, TPS 1%–49% HR
0.57). Moreover, the estimated 1-year survival rate among
patients with a PD-L1 TPS ≥50%, was 63.4% vs. 51.0%
(HR 0.64), improved ORR (60.3% vs. 32.9%, P=0.0004)
and the median OS was not reached in the pembrolizumabcombination group vs. chemotherapy group.
Based on the results from KEYNOTE-189 and
KEYNOTE-407 trials, the benefit of combination chemoimmunotherapy as first-line therapy in both metastatic
squamous and non-squamous NSCLC is shown regardless
of PD-L1 expression. In addition, the TPS ≥50% subgroups
exhibit a more potent therapeutic response across these
trials.
It is still uncertain whether there is a therapeutic
difference amongst the PD-L1 TPS ≥50% group in
comparison to other PD-L1 subdivisions. None of these
trials provides a direct comparison between chemotherapy
plus ICIs vs. ICI monotherapy.
Combination immunotherapy as first-line treatment
of advanced NSCLC, PD-L1 expression ≥50% and
high TMB
TMB is another predictive biomarker for response to ICI
by enhancing tumor immunogenicity. It is notable that this
biomarker is independent of the predictive value of PD-L1
IHC (11).
The phase III trial CheckMate 227, enrolled 1,739
patients with advanced NSCLC who were randomized
1:1:1 according to PD-L1 expression. PD-L1 expression
≥1% group received nivolumab plus ipilimumab, nivolumab
monotherapy or chemotherapy alone; and patients with PDL1 expression <1% received nivolumab plus ipilimumab,
nivolumab plus chemotherapy or chemotherapy alone.
Interestingly, patients with high TMB, regardless of
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PD-L1 expression who were treated by combination of
nivolumab plus ipilimumab, had a longer PFS compared to
chemotherapy (HR 0.58, P<0.001) and a median 1-year PFS
(42.6% vs. 13.2%). Among low TMB patients no difference
in PFS was observed.
Furthermore, for the analysis of patients with PD-L1
expression ≥50%, the median duration of response for
nivolumab plus ipilimumab was 31.8 vs. 17.5 months for
nivolumab monotherapy and 5.8 months for chemotherapy.
The median OS in these three groups were 21.2 vs. 18.1
vs. 14 months, and the ORR 44.4% vs. 36.9% vs. 35.4%
respectively. It will be interesting to know from the
exploratory analysis what was the response in those patients
with high TMB and PD-L1 expression ≥50%.
Discussion
ICI have become the main treatment option for advanced
NSCLC patients. Better outcomes have been observed
specially for patients with a strong expression of PDL1. Here, we summarized the three main strategies
of treatment for patients with advanced NSCLC and
strongly positive expression of PD-L1 (more than 50%)
in first line therapy, either as ICI monotherapy, in
combination with chemotherapy or in combination with
another ICIs (Table 1).
In the era of immunotherapy, a balance between
hyperactivation of the immune system, exhaustion and
development of immunosuppression must be taken into
account (13-17). Identifying the best combination therapies
may improve response rates and diminish toxicities (18,19).
The aim of these combinations, is to enhance functionality
of immune cells leading to tumor eradication, to modify the
immune suppressive tumor microenvironment (TME), and
to prevent further immune escape mechanisms (20). For an
instance, preclinical findings of colon cancer suggested that a
synergistic response were achieved by adding chemotherapy
to immunotherapy inducing tumor infiltration by activated
PD-1, CD8+ T cells (21). Furthermore, it has been shown
that certain chemotherapeutic agents can promote antitumor immune responses by enhancing proinflammatory
cytokines and release neo-antigens from tumor cells which
augment the efficacy of immunotherapy (22,23).
The current unmet need is to explore the best therapeutic
regimen for the population of strong PD-L1 staining.
We speculate that further factors associated with the host,
may support a better decision for optimal treatment. For
example, disease burden, liver involvement, brain disease
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and functionality of the immune system. As shown, from
exploratory analysis of KEYNOTE-189 trial demonstrate
a significant better outcome with doubled the median OS
in patients with liver involvement (12.6 vs. 6.6 months,
HR 0.62) and brain metastasis (19.2 vs. 7.5 months,
HR 0.41) treated with combination chemotherapy plus
pembrolizumab vs. chemotherapy alone, respectively (24).
Furthermore, in the summarized Table 1. we noticed that
patients with advanced NSCLC, TPS PD-L1 ≥50% treated
with combination chemo-immunotherapy achieved a better
objective response rate (ORR) approximately 60%, while
almost similar ORR was observed in those treated with ICI
single agent and combination ICIs around 40%. Therefore,
combination chemotherapy with ICI is suggested for
patients with high disease burden in order to accomplish a
quicker response to treatment.
Conclusions
Combination of ICI with platinum-based chemotherapy in
NSCLC, PD-L1 TPS >50% represents the new standard
of care. Crucially, this is a highly suggested treatment
protocol for patients with high disease burden, especially
for those with liver or brain involvement. The addition of
chemotherapy to ICI may enhance the immunogenicity of
the tumor cells leading to improvement of the therapeutic
efficacy by reprograming the immune suppressive TME
resulting in better patients’ outcomes. Further studies are
suggested in this field.
Acknowledgments
None.
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.

Darvin P, Toor SM, Sasidharan Nair V, et al. Immune
checkpoint inhibitors: recent progress and potential

Precis Cancer Med 2020;3:7 | http://dx.doi.org/10.21037/pcm.2019.11.08

Precision Cancer Medicine, 2020

biomarkers. Exp Mol Med 2018;50:165.
Cohen AY, Kian W, Roisman LC, et al. Are we facing a
cure in lung cancer?-KEYNOTE-001 insights. Ann Transl
Med 2019;7:S215.
3. Reck M, Rodríguez-Abreu D, Robinson AG, et al.
Pembrolizumab versus Chemotherapy for PD-L1Positive Non-Small-Cell Lung Cancer. N Engl J Med
2016;375:1823-33.
4. Reck M, Rodríguez-Abreu D, Robinson AG, et al.
Updated Analysis of KEYNOTE-024: Pembrolizumab
Versus Platinum-Based Chemotherapy for Advanced
Non-Small-Cell Lung Cancer With PD-L1 Tumor
Proportion Score of 50% or Greater. J Clin Oncol
2019;37:537-46.
5. Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab
versus chemotherapy for previously untreated, PD-L1expressing, locally advanced or metastatic non-smallcell lung cancer (KEYNOTE-042): a randomised,
open-label, controlled, phase 3 trial. Lancet
2019;393:1819-30.
6. Pembrolizumab plus Chemotherapy in Lung Cancer. N
Engl J Med [Internet]. Available online: http://www.nejm.
org/doi/10.1056/NEJMc1808567
7. Gadgeel SM, Garassino MC, Esteban E, et al.
KEYNOTE-189: Updated OS and progression after the
next line of therapy (PFS2) with pembrolizumab (pembro)
plus chemo with pemetrexed and platinum vs placebo plus
chemo for metastatic nonsquamous NSCLC. J Clin Oncol
2019;37:9013.
8. KEYNOTE-189 Updates Show Improved Outcomes for
Metastatic Nonsquamous NSCLC [Internet]. [cited 2019
Oct 21]. Available online: https://www.targetedonc.com/
news/keynote189-updates-show-improved-outcomes-formetastatic-nonsquamous-nsclc
9. Paz-Ares L, Luft A, Vicente D, et al. Pembrolizumab
plus Chemotherapy for Squamous Non-Small-Cell Lung
Cancer. N Engl J Med 2018;379:2040-51.
10. 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.
11. Gandara DR, Paul SM, Kowanetz M, et al. Bloodbased tumor mutational burden as a predictor of clinical
benefit in non-small-cell lung cancer patients treated with
atezolizumab. Nat Med 2018;24:1441-8.
12. Rizvi H, Sanchez-Vega F, La K, et al. Molecular

Page 5 of 6

2.

© Precision Cancer Medicine. All rights reserved.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Determinants of Response to Anti-Programmed Cell
Death (PD)-1 and Anti-Programmed Death-Ligand 1
(PD-L1) Blockade in Patients With Non-Small-Cell
Lung Cancer Profiled With Targeted Next-Generation
Sequencing. J Clin Oncol 2018;36:633-41.
Fourcade J, Kudela P, Sun Z, et al. PD-1 is a regulator of
NY-ESO-1-specific CD8+ T cell expansion in melanoma
patients. J Immunol 2009;182:5240-9.
Baitsch L, Baumgaertner P, Devêvre E, et al.
Exhaustion of tumor-specific CD8+ T cells in
metastases from melanoma patients. J Clin Invest
2011;121:2350-60.
Gros A, Robbins PF, Yao X, et al. PD-1 identifies the
patient-specific CD8+ tumor-reactive repertoire infiltrating
human tumors. J Clin Invest 2014;124:2246-59.
Sakuishi K, Apetoh L, Sullivan JM, et al. Targeting
Tim-3 and PD-1 pathways to reverse T cell exhaustion
and restore anti-tumor immunity. J Exp Med
2010;207:2187-94.
Fourcade J, Sun Z, Benallaoua M, et al. Upregulation
of Tim-3 and PD-1 expression is associated with tumor
antigen-specific CD8+ T cell dysfunction in melanoma
patients. J Exp Med 2010;207:2175-86.
Lhuillier C, Vanpouille-Box C, Galluzzi L, et al.
Emerging biomarkers for the combination of radiotherapy
and immune checkpoint blockers. Semin Cancer Biol
2018;52:125-34.
Seliger B. Combinatorial Approaches With Checkpoint
Inhibitors to Enhance Anti-tumor Immunity. Front
Immunol 2019;10:999.
Pulluri B, Kumar A, Shaheen M, et al. Tumor
microenvironment changes leading to resistance of
immune checkpoint inhibitors in metastatic melanoma
and strategies to overcome resistance. Pharmacol Res
2017;123:95-102.
Dosset M, Vargas TR, Lagrange A, et al. PD-1/PDL1 pathway: an adaptive immune resistance mechanism
to immunogenic chemotherapy in colorectal cancer.
Oncoimmunology 2018;7:e1433981.
Bracci L, Schiavoni G, Sistigu A, et al. Immune-based
mechanisms of cytotoxic chemotherapy: implications
for the design of novel and rationale-based combined
treatments against cancer. Cell Death Differ
2014;21:15-25.
Tokuyasu TA, Huang JD. A primer on recent
developments in cancer immunotherapy, with a focus
on neoantigen vaccines. J Cancer Metastasis Treat
2018;4:2.

Precis Cancer Med 2020;3:7 | http://dx.doi.org/10.21037/pcm.2019.11.08

Page 6 of 6

24. Garassino MC, Gadgeel S, Esteban E, et al. Abstract
CT043: Outcomes among patients (pts) with metastatic
nonsquamous NSCLC with liver metastases or brain
metastases treated with pembrolizumab (pembro) plus

Precision Cancer Medicine, 2020

pemetrexed-platinum: Results from the KEYNOTE-189
study. Available online: http://cancerres.aacrjournals.org/
lookup/doi/10.1158/1538-7445.AM2019-CT043

doi: 10.21037/pcm.2019.11.08
Cite this article as: Kian W, Roisman LC, Levitas D, Wallach N,
Abo-Sharb A, Cohen AY, Yakobson A, Peled N, Dudnik Y.
Non-small cell lung cancer PDL1 >50%—should we go single
or combo? Precis Cancer Med 2020;3:7.

© Precision Cancer Medicine. All rights reserved.

Precis Cancer Med 2020;3:7 | http://dx.doi.org/10.21037/pcm.2019.11.08

