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Abstract:

Pembrolizumab has significantly improved outcome of advanced NSCLC. PD-L1 expression has limited utility as a
prognostic and predictive biomarker. To improve this several other biomarkers have been evaluated. Useful amongst
themare 1. Tumor specific biomarkers include tumor mutation burden, immune cell infiltration (phenotype, genotype,
site, type), 2. Changes in cellular, cytokine in peripheral blood. The article provides review of the current status.
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Introduction:

Majority of patients diagnosed to have Non-small cell lung cancer
(NSCLC) have advanced disease at diagnosis. This makes it difficult to
provide curative treatment options. Prior to introduction of
pembrolizumab five year survival rate used to be around 5%. This has
improved to more than 25% following introduction of pembrolizumab in
treatment of NSCLC. This dramatic improvement is seen in patients
treated with pembrolizumab having programmed-death ligand 1 (PD-L1)
expression of > 50% [1]. Currently pembrolizumab is approved in
combination with chemotherapy as a first line treatment of squamous
(paclitaxel or nab-paclitaxel and platinum) and non-squamous
(pemetrexed and platinum; with no EGFR or ALK genomic tumor
aberrations) metastatic NSCLC [2, 3, 4]. It is also approved as a
monotherapy in first-line management of patients with PD-L1 expression
> 50% having metastatic NSCLC with no Epidermal growth factor
receptor (EGFR) or Anaplastic lymphoma kinase (ALK) genomic tumor
aberrations [3, 5] and as a second line for the patients whose tumors
express PD-L1 (TPS >1%) [6]. Currently, PD-L1 expression level
measurement by immunohistochemistry is approved as a companion
diagnostic for use with pembrolizumab. PD-L1 expression more than 1%
[7, 8,9, 10, 11, 12] in advanced NSCLC is seen approximately 50% [7,
8] with around 30% have it more than 50% [8, 9]. In spite of approval
by FDA, it does not have a very high specificity and sensitivity as
predictive biomarker. Response to therapy is also seen in absence of PD-
L1 expression and failure to respond is also known in those having >50%
PD-L1 expression. The response to pembrolizumab is proportional to the

Auctores Publishing — Volume 3(2)-057 www.auctoresonline.org Page - 1

amount of PD-L1 expression in non-squamous NSCLC (61.4% vs 47.6%
for > 50% and 1-49% respectively) as well as non-selected NSCLC but
no significant difference is seen in Squamous NSCLC (60.3% vs 57.9%
for > 50% and 1-49% respectively). The survival benefit is also not
uniform in spite of use of PD-L1 as a biomarker (Table-1). In spite of all
this, more than 10% of patients progress rapidly on therapy. This is not
seen with other therapy including chemotherapy [13, 14, 15, 16].

To further improve outcome, efforts are being made to understand
parameters contributing to response/no response to therapy with a
purpose of better selection of patients as well as identifying novel co-
therapies. Most of the information generated so far are based on small
studies, and or retrospective analysis of clinical trial samples and so needs
to be confirmed in a well-designed study. In this article, current
information about various parameters affecting the outcome of
pembrolizumab in advanced NSCLC are reviewed.
Table 1. Overall survival (OS) and PD-L1 expression

PD-L1 (OF] (O] (0N

expression | Keynote 189 - Keynote 407 — Keynote 042-
non squamous | Squamous unselected
With With Monotherapy
chemotherapy | chemotherapy | [17]
[2 [4]

>50% 0.42 0.64 0.69

1-49% 0.55 0.57 0.81

<1% 0.59 0.61 -
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. Tumor characteristics:

Pembrolizumab decreases tumor associated immunosuppression by
its action on intratumoral PD-1/PD-L1 interaction and proliferation
of intratumoral immune cells. This has led to evaluation of tumor
characteristics like Tumor mutation burden (TMB), immune
infiltrates, expression of other inhibitory molecules etc. for their role
in response to therapy.
Tumor mutation burden (TMB) /neoantigen [7, 13, 18, 19, 20, 21,
22]: Nonsynonymous mutations seen in NSCLC appears to be an
independent marker of response to anti PD-1 therapy [19]. Hyper
mutated tumours are known to be amenable to therapy in absence of
PD-L1 expression [19, 22] and higher TMB is considered as an
independent marker of response to therapy as well as control of
disease [18, 23, 24]. Higher TMB in squamous NSCLC may be
responsible for discrepancy in relationship between PD-L1
expression level and outcome. Tumor burden more than 10 is seen in
37% in non-squamous NSCLC and 42% in squamous NSCLC [19].
TMB more than 20 is found to be associated with better outcome (OS
16.8 months vs 8.5 months) compared to TMB<20 [25]. Neoantigens
are generated following tumor mutation and TMB correlates with
neoantigen load.

TMB can also be measured in circulating tumor cells and is found
to correlate with TMB [26].
Number of Metastatic lesions: Hyper progression is more frequent in
patients with more than 2 metastatic lesions [14].
Pre-treatment tumor growth rate: Response to treatment is more
frequent in patients with higher pre-treatment growth rate [16].
Immune cell infiltration [13, 20, 27]: Expansion of infiltrating
immune cells are known to contribute to response to therapy.
Response to anti PD-1 therapy depends on amount, type and site of
immune cell infiltration. Based on the site of immune cell infiltrate
tumor is designated to one of three immune phenotypes. Inflamed
phenotype has abundance of infiltrating immune cells within and
surrounding the tumor. This phenotype is associated with response to
the therapy. Excluded phenotype has immune cells restricted to
margin of the tumor. Desert phenotype has absence of immune cells
within tumor (stroma as well as surrounding). Absence of immune
cells is associated with lack of the response. However, this is too
simplistic as response is dependent on amount and type (phenotype
and functional characteristic) of immune infiltrate.

. Phenotype of immune cells: Tumor regression following therapy is

dependent on decreased immune suppression and increased
immunostimulation. Higher CD3 and/or CD8 cells (considered
immunostimulant type) are associated with better prognosis and
higher amount of FOXP3 and PD-1 represent immunosuppressive
microenvironment and is associated with poor outcome.

Both of above (immunostimulant and immunosuppressive) when used

as a ratio rather than in isolation e.g. FOXP3/CD8 and PD-1/CD8
ratio provide better prognostication [28]. Lower ratio is associated
with increased response rate. Based on above, it is suggested that on
immunohistochemistry CD3 T cells > 120 per HPF with n CD8+ T
cells and FOXP3+ T cells in a ratio of > 4:1 can be used to
prognosticate better outcome [27].

Intratumoral M2-like CD163+ CD33+ PD-L1+ clustered epithelioid

macrophages are associated with hyper progression [15].
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b. Genotype (gene expression profile) :

Gene profiling: It is possible to identify desired genes in a
pretreatment samples and gene profiling is used to identify a
biomarker for response to therapy. Interferon gamma is essential for
immune response. Cytolytic activity of immune cells is dependent on
secretion of cytolytic enzymes like granzymes and perforins. Based
on this Interferon gene expression signature profiles are identified to
predict response to therapy [29].

Epigenetic profiling [30]: Epigenetics plays a role in manifestation of
gene function. Based on demethylation status of selected CPG loci,
epigenetic signature was identified. Positive signature was associated
with improved progression free survival (PFS) and OS but not with
PD-L1 expression, TMB or CD8+ cells. Negative signature was
associated with increased tumor associated macrophages, neutrophils
and fibroblasts. Unmethylated T-cell differentiation factor FOXP1
was associated with improved survival. These findings are specific to
immunotherapy only.

. Proliferative potential: Based on expression of BUB1, CCNB2,

CDK1, CDKN3, FOXM1, KIAA0101, MAD2L1, MELK, MKI67
(better known as Ki-67), and TOP2A tumors can be divided into
tumors with high proliferative potential, moderate proliferative
potential and low proliferative potential. Tumors with a low or high
proliferative potential fail to respond (primary resistance). Amongst
patients with moderately proliferation potential, PD-L1 expression
predicts survival. Higher expression > 50% is associated with better
survival compared to PD-L1 expression <50%. [31]

. Co-expression of inhibitory molecules: Pembrolizumab inhibits

action of PD-1 expressing immune cells. PD-1 is one of the inhibitory
molecules expressed by T cells. There are other inhibitory molecules
like LAG-3 and TIM3, which are also expressed by them. Co-
expression of inhibitory molecules like LAG3 with PD-1 is indicative
of primary resistance (no response) to therapy. [32, 33]

Classification based on tumor immune microenvironment (TIMIT):
Pembrolizumab induces changes in PD-1/PD-L1 axis and infiltrating
immune cells. PD-1 is expressed by immune cells and PD-L1 is
expressed by tumor cells. Combining the two (PD-1/PD-L1 and
CD8+ TIL) and grading their expression as high or low provides a
novel way of classifying TIMIT. High CD8+ and low PD-1/PD-L1
predicts better outcome whereas low CD8+ and high PD-1/PD-L1
predicts the worst outcome. TMB is not found to differ in these
subtypes.[34]

1.Gut microbiome:

Gut microbiome is found to play important role in response to anti PD-

1 therapy. In animal studies, they are known to alter T cell and
dendritic cell repertoire.

Amount: Patients having higher amount of gut microbiome as
revealed by higher bene count respond favourably to treatment. Those
who receive antibiotic prior to or during treatment do not respond to
anti-PD1 therapy. [13]

Type: Patients having dysbiosis (can be antibiotic induced) fail to
respond to therapy [13]. Decreased level of specific microbiome
(Ruminococcus bromii, Dialister and Sutterella) and increased level
of specific microbiome (Akkermansia muciniphila, Bifidobacterium
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d)Red blood cell distribution width (RDW) [42]:

e) Lung Immune Prognostic Index (LIPI) [13]:
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longum, Faecalibacterium prausnitzi, Propionibacterium acnes,
Veillonella parvula,) are seen in patients responding to anti-PD-1
therapy.

. Changes in Peripheral blood:

There is a constant exchange between tumors and peripheral blood
and some of the changes taking place within tumor gets reflected in
the peripheral blood. Peripheral blood evaluation offers advantage of
having sample at multiple time points before and after therapy. This
is not practical for biopsy of tumor tissues and thus provides very
useful information. The changes in pre-treatment samples and during
treatment are found to be associated with outcome.

Pre-treatment biomarkers: Lymphocytes are key immune cells for
response to therapy. Based on markers expressed by them they can
be divided into various subtypes with specific function assigned to
them. Their relative frequency is also indicative of magnitude of
response.

a) Pre-treatment lymphocyte subtype: Circulating lymphocytes are

responsible for immune surveillance and they reflect intratumoral
immune surveillance.

Expression of PD1 and FOXP3 are indicative of immunosuppressive
phenotype. Their preponderance is associated with poor outcome [35,
36, 37].

Highly differentiated (CD27 negative CD28 low / negative) CD4
cells are indicative of better immunosurveillance and higher count is
associated with objective response and better PFS [32]. Base line low
percentages of highly differentiated memory CD4 T cells is
associated with primary resistance (Lack of response to therapy) [38].
The response rate was 50% in a group with high percentage of highly
differentiated memory CD4 cells and improves to > 70% on
combining with PD-L1 positivity.

b) Ratio of peripheral blood cells.

Neutrophil-to-lymphocyte ratio [39, 40, 41]: Lymphocytes play a key
role in immune response while neutrophils do not play a significant
role. Decrease in lymphocyte as determined by higher neutrophil to
lymphocyte ratio is associated with shorter OS and PFS. Ratio of 5.9
or higher prognosticates progression of disease [40].
Monocyte-to-lymphocyte ratio: Similar to neutrophil to monocyte
ratio, monocyte to lymphocyte ratio of 11.3 or higher is associated
with disease progression [40].

¢) Proliferative response of pretreatment CD4 cells on exposure to anti-

PD1 antibody: Response to pembrolizumab is dependent on
proliferation of lymphocyte. Attempts has been made to use this
phenomenon as a marker for response to therapy. CD4 cell
proliferation on exposure to anti-PD1 antibody ex vivo is seen in
responders. It is absent in nonresponders. This absence of
proliferation is a unique feature and found to persist even after three
cycles of pembrolizumab [32].

Red blood cell
distribution width while indicating erythropoiesis is also useful as
inflammatory parameters. Increased RDW is found to be associated
with poor prognosis. This seems to be an independent marker.

LIPI is a combination
of two parameters; Neutrophil to lymphocyte ratio (NLR) and lactic
dehydrogenase (LDH) level. Based on these two parameters a patient
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can be assigned to one of the three groups 1. Low NLR and normal
LDH 2. High NLR and normal LDH and 3. High NLR and high LDH.
Patients with high NLR and LDH (group 3) has the worst prognosis
and patients with low NLR (group 1) carry the best prognosis.

Post treatment changes as a prognostic parameters: It is easy to have
blood withdrawn at multiple time points during therapy. The attempts
are made to analyse various parameters to identify changes in
peripheral blood associated with response or its absence. Some of the
changes can be detected as early as two-three weeks of initiation of
therapy.

a) Changes in subtypes of immune cells:

Increase in CD8+ve cell in responders.

. CD8+ve CD4-ve CD45RO+ve phenotype representing effector

memory cells is seen in responders (p=0.002)[43].

.CD8+ve cells is seen in responders, particularly expressing

CD28 [32].

Increase PD-1 expressing CD4 cells: PD-1 expression on CD4 cells
is indicative of immune suppression. Increased expression during
therapy is indicative of increased immunosuppression and is
associated with progression [35].

Change in Ki67 expressing cells at 3 weeks: Ki67 is a marker of
proliferation.

. Four fold increase in Ki67 expressing immune cells predict response

while no change is seen in non-responders [33]

. This increase in Ki67 PD1+ CD8+ T cell subset is twofold in

responders[44]

Change in Granzyme-B expressing immune cells: Granzyme- B
expression is associated with killing of cancer cells. Responders also
have increased Granzyme -B in Ki67 CD8 cells at 3 weeks [33].

b) Speed of immune response / PD1+ CD8+ T cell response: Early

proliferation (4 week) of PD1+CD8+ T cells predicts response to
therapy (seen in 57% with ORR) while late or absence of proliferation
is associated with absence of response. (84.6% of non-responders)
[33].

c) Cytokine levels:

Decrease in CXCL2 and increase in MMP2 at six weeks there is
associated with improved survival [45].

Increase in Serum IL-8 levels suggests increase in
immunosuppression and is associated with progression while
decrease is associated with response to therapy [46].

d)Change in serum tumor markers :
Carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-

9), cytokeratin-19 fragments (CYFRA 21-1) and neuron specific
enolase (NSE) are serum tumor markers (STM). Decrease in STM is
associated with better outcome while increase in STM is associated
with poor outcome. (Median PFS 11M vs 6 months with increase <
2 fold (p=0.001). The outcome is also proportional to the amount of
decrease (6 months for < 2-fold increase and 2 months for >2-fold
increase). OS also follows same trend (not reached for decrease in
STM, 14 months for increase <2 and 4 months for STM >20 [47].

e) Change in circulating tumor cells :

Change in PD-L1 expression in circulating tumor cells [48]: PD-L1
expression in circulating cells do not correlate with PD-L1 expression
on tumors. However, decrease in PD-L1 expression in circulating
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tumor cells is associated with response to therapy and increase
expression is seen in non responders.

Change in ctDNA: Response to therapy is associated with
decrease/non detectable ctDNA at eight weeks in responders.
Increase in ctDNA is seen in nonresponders [49].

Circulating tumor cells are also found to provide information about
TMB [26].

. Others

Treatment related adverse events [50]: Generally adverse events seen
with pembrolizumab are due to hyper activation of immune system.
Their manifestation is associated with response to therapy. Responses
seen are durable and persists even when therapy is discontinued for
managing adverse events.

Sex [51]: Better efficacy is seen in males compared to females.

Age [52]: Use of pembrolizumab in advanced NSCLC is associated
with better outcome in younger than 65 years of age compared to
those more than 65 years of age. The difference in HR is > 0.2 for
first line therapy. It reduces to 0.13 when used as a subsequent
therapy. Age more than 65 years is also associated with
hyperprogression of disease [14, 16].

Summary:

Ongoing research has identified various tumor characteristics, gut
microbiome profile, changes reflected in peripheral blood associated with
outcome. Changes in peripheral blood can be monitored during therapy
also. Currently they are outcome of small studies and/ or retrospective
analysis of clinical trials. Their validation will pave way for better
selection of patients for monotherapy as well as combination therapy.
This will also help in identifying novel co-therapies.

References

1.

Garon EB, Hellmann MD, Rizvi NA, et al. (2019). Five-Year
Overall Survival for Patients With Advanced Non—Small-Cell
Lung Cancer Treated With Pembrolizumab: Results From the
Phase | KEYNOTE-001 Study. J Clin Oncol: JCO1900934.
Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al.(2018).
Pembrolizumab plus Chemotherapy in Metastatic Non-Small-
Cell Lung Cancer. N Engl J Med.;378(22):2078-2092.

Brahmer JR, Govindan R, Anders RA, et al. (2018). The Society
for Immunotherapy of Cancer consensus statement on
immunotherapy for the treatment of non-small cell lung cancer
(NSCLC). J Immunother Cancer.;6(1):75.

Laz-Ares L, Luft A, Vicente D, et al. (2018). Pembrolizumab plus
Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N
Engl J Med;379(21):2040-2051

Reck M, Rodriguez-Abreu D, Robinson AG, et al. (2016).
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-
Small-Cell Lung Cancer. N Engl J Med.;375(19):1823-1833
Herbst RS, Baas P, Kim DW, et al. (2016). Pembrolizumab versus
docetaxel for previously treated, PD-L1-positive, advanced non-
small-cell lung cancer (KEYNOTE-010): a randomised
controlled trial. Lancet.; 387 (10027):1540-1550.

Hu-Lieskovan S, Lisberg A, Zaretsky JM, et al. (2019). Tumor
Characteristics Associated with Benefit from Pembrolizumab in
Advanced Non-Small Cell Lung Cancer. Clin Cancer Res.
Leighl NB, Hellmann MD, Hui R, et al. (2019). Pembrolizumab
in patients with advanced non-small-cell lung cancer

Auctores Publishing — Volume 3(2)-057 www.auctoresonline.org Page - 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

(KEYNOTE-001): 3-year results from an open-label, phase 1
study. Lancet Respir Med.;7(4):347-357.

Teixidé C, Vilarifio N, Reyes R, Reguart N. (2018). PD-L1
expression testing in non-small cell lung cancer. Ther Adv Med
Oncol; 10:1758835918763493.

Peters S, Reck M, Smit EF, Mok T, Hellmann MD. (2019). How
to Make the Best Use of Immunotherapy as First-Line Treatment
for Advanced/Metastatic Non-Small-Cell Lung Cancer. Ann
Oncol. pii: mdz109.

Pacheco JM, Camidge DR, Doebele RC, Schenk E. (2019). A
Changing of the Guard: Immune Checkpoint Inhibitors With and
Without Chemotherapy as First Line Treatment for Metastatic
Non-small Cell Lung Cancer. Front Oncol.;9:195.

Chae YK, Anker JF, Oh MS, et al. (2019). Mutations in DNA
repair genes are associated with increased neoantigen burden and
a distinct immunophenotype in lung squamous cell carcinoma.
Sci Rep.;9(1):3235.

Wojas-Krawczyk K, Kalinka E, Grenda A, Krawczyk P,
Milanowski J. (2019). Beyond PD-L1 Markers for Lung Cancer
Immunotherapy. Int J Mol Sci. ;20(8). pii: E1915.

Champiat S, Ferrara R, Massard C, Besse B, Marabelle A, et al.
(2018). Hyperprogressive disease: recognizing a novel pattern to
improve patient management. Nat Rev Clin Oncol. (12):748-762.
Lo Russo G, Moro M, Sommariva M, et al. (2019). Antibody-
Fc/FcR Interaction on Macrophages as a Mechanism for
Hyperprogressive Disease in Non-small Cell Lung Cancer
Subsequent to PD-1/PD-L1 Blockade. Clin Cancer Res,;
25(3):989-999.

Champiat S, Dercle L, Ammari S, et al. (2017). Hyperprogressive
Disease Is a New Pattern of Progression in Cancer Patients
Treated by Anti-PD-1/PD-L1. Clin Cancer Res. 23(8):1920-
1928.

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 May 4;393(10183):1819-1830

Berland L, Heeke S, Humbert O, et al.(2019). Current views on
tumor mutational burden in patients with non-small cell lung
cancer treated by immune checkpoint inhibitors. J Thorac Dis.;
11(Suppl 1):S71-S80.

Yarchoan M, Albacker LA, Hopkins AC, et al. (2019). PD-L1
expression and tumor mutational burden are independent
biomarkers in most cancers. JCI Insight. 2019 Mar 21;4(6). pii:
126908. doi: 0.1172/jci.insight.126908. eCollection.
Hu-Lieskovan S, Lisberg A, Zaretsky JM, et al. (2019). Tumor
Characteristics Associated with Benefit from Pembrolizumab in
Advanced Non-Small Cell Lung Cancer. Clin Cancer Res. DOI:
10.1158/1078-0432.CCR-18-4275

Chae YK, Davis AA, Raparia K, Agte S, Pan A, et al. (2019).
Association of Tumor Mutational Burden With DNA Repair
Mutations and Response to Anti-PD-1/PD-L1 Therapy in Non-
Small-Cell Lung Cancer. Clin Lung Cancer;20(2):88-96.€6.
Heeke S, Hofman P. (2018).Tumor mutational burden assessment
as a predictive biomarker for immunotherapy in lung cancer
patients: getting ready for prime-time or not? Transl Lung Cancer
Res;7(6):631-638.

Rizvi H, Sanchez-Vega F, La K, et al.(2018). Molecular
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


http://www.auctoresonline.org/
https://www.auctoresonline.org/journals/cancer-research-and-cellular-therapeutics
https://www.ncbi.nlm.nih.gov/pubmed/31154919
https://www.ncbi.nlm.nih.gov/pubmed/31154919
https://www.ncbi.nlm.nih.gov/pubmed/31154919
https://www.ncbi.nlm.nih.gov/pubmed/31154919
https://www.nejm.org/doi/full/10.1056/NEJMoa1801005
https://www.nejm.org/doi/full/10.1056/NEJMoa1801005
https://www.nejm.org/doi/full/10.1056/NEJMoa1801005
https://www.ncbi.nlm.nih.gov/pubmed/30012210
https://www.ncbi.nlm.nih.gov/pubmed/30012210
https://www.ncbi.nlm.nih.gov/pubmed/30012210
https://www.ncbi.nlm.nih.gov/pubmed/30012210
https://www.nejm.org/doi/full/10.1056/NEJMoa1810865
https://www.nejm.org/doi/full/10.1056/NEJMoa1810865
https://www.nejm.org/doi/full/10.1056/NEJMoa1810865
https://www.ncbi.nlm.nih.gov/pubmed/27718847
https://www.ncbi.nlm.nih.gov/pubmed/27718847
https://www.ncbi.nlm.nih.gov/pubmed/27718847
https://www.ncbi.nlm.nih.gov/pubmed/26712084
https://www.ncbi.nlm.nih.gov/pubmed/26712084
https://www.ncbi.nlm.nih.gov/pubmed/26712084
https://www.ncbi.nlm.nih.gov/pubmed/26712084
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://www.ncbi.nlm.nih.gov/pubmed/30876831
https://www.ncbi.nlm.nih.gov/pubmed/30876831
https://www.ncbi.nlm.nih.gov/pubmed/30876831
https://www.ncbi.nlm.nih.gov/pubmed/30876831
https://www.ncbi.nlm.nih.gov/pubmed/29662547
https://www.ncbi.nlm.nih.gov/pubmed/29662547
https://www.ncbi.nlm.nih.gov/pubmed/29662547
https://www.ncbi.nlm.nih.gov/pubmed/30912805
https://www.ncbi.nlm.nih.gov/pubmed/30912805
https://www.ncbi.nlm.nih.gov/pubmed/30912805
https://www.ncbi.nlm.nih.gov/pubmed/30912805
https://www.ncbi.nlm.nih.gov/pubmed/30984621
https://www.ncbi.nlm.nih.gov/pubmed/30984621
https://www.ncbi.nlm.nih.gov/pubmed/30984621
https://www.ncbi.nlm.nih.gov/pubmed/30984621
https://www.nature.com/articles/s41598-019-39594-4
https://www.nature.com/articles/s41598-019-39594-4
https://www.nature.com/articles/s41598-019-39594-4
https://www.nature.com/articles/s41598-019-39594-4
https://www.ncbi.nlm.nih.gov/pubmed/31003463
https://www.ncbi.nlm.nih.gov/pubmed/31003463
https://www.ncbi.nlm.nih.gov/pubmed/31003463
https://www.ncbi.nlm.nih.gov/pubmed/30361681
https://www.ncbi.nlm.nih.gov/pubmed/30361681
https://www.ncbi.nlm.nih.gov/pubmed/30361681
https://www.ncbi.nlm.nih.gov/pubmed/30206165
https://www.ncbi.nlm.nih.gov/pubmed/30206165
https://www.ncbi.nlm.nih.gov/pubmed/30206165
https://www.ncbi.nlm.nih.gov/pubmed/30206165
https://www.ncbi.nlm.nih.gov/pubmed/30206165
https://www.ncbi.nlm.nih.gov/pubmed/27827313
https://www.ncbi.nlm.nih.gov/pubmed/27827313
https://www.ncbi.nlm.nih.gov/pubmed/27827313
https://www.ncbi.nlm.nih.gov/pubmed/27827313
https://www.sciencedirect.com/science/article/pii/S0140673618324097
https://www.sciencedirect.com/science/article/pii/S0140673618324097
https://www.sciencedirect.com/science/article/pii/S0140673618324097
https://www.sciencedirect.com/science/article/pii/S0140673618324097
https://www.sciencedirect.com/science/article/pii/S0140673618324097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482991/
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://clincancerres.aacrjournals.org/content/early/2019/05/21/1078-0432.CCR-18-4275
https://www.ncbi.nlm.nih.gov/pubmed/30425022
https://www.ncbi.nlm.nih.gov/pubmed/30425022
https://www.ncbi.nlm.nih.gov/pubmed/30425022
https://www.ncbi.nlm.nih.gov/pubmed/30425022
https://www.ncbi.nlm.nih.gov/pubmed/30505707
https://www.ncbi.nlm.nih.gov/pubmed/30505707
https://www.ncbi.nlm.nih.gov/pubmed/30505707
https://www.ncbi.nlm.nih.gov/pubmed/30505707
https://www.ncbi.nlm.nih.gov/pubmed/29337640
https://www.ncbi.nlm.nih.gov/pubmed/29337640
https://www.ncbi.nlm.nih.gov/pubmed/29337640
https://www.ncbi.nlm.nih.gov/pubmed/29337640

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

J Cancer Research and Cellular Therapeutics 8

Targeted Next-Generation Sequencing. J Clin Oncol.;36(7):633-
641.

Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
Mutational landscape determines sensitivity to PD-1 blockade in
non-small cell lung cancer. Science 2015;348:124-8

Singal G, Miller PG, Agarwala V, et al. (2019).Association of
Patient Characteristics and Tumor Genomics With Clinical
Outcomes Among Patients With Non-Small Cell Lung Cancer
Using a Clinicogenomic Database. JAMA;321(14):1391-1399.
Wang Z, Duan J, Cai S, et al. Assessment of Blood Tumor
Mutational Burden as a Potential Biomarker for Immunotherapy
in Patients With Non-Small Cell Lung Cancer With Use of a
Next-Generation Sequencing Cancer Gene Panel. JAMA Oncol.
2019 May 1;5(5):696-702.

Kim H, Kwon HJ, Han YB, Park SY, Kim ES, (2019). Increased
CD3+ T cells with a low FOXP3+/CD8+ T cell ratio can predict
anti-PD-1 therapeutic response in non-small cell lung cancer
patients. Mod Pathol.;32(3):367-375.

Mazzaschi G, Madeddu D, Falco A, et al. (2018). Low PD-1
Expression in  Cytotoxic CD8(+)  Tumor-Infiltrating
Lymphocytes  Confers an  Immune-Privileged  Tissue
Microenvironment in NSCLC with a Prognostic and Predictive
Value. Clin Cancer Res;24(2):407-419.

Ayers, M.; Lunceford, J.; Nebozhyn, M.; Murphy, E.; Loboda,
A.(2017). Kaufman, D.R.; Albright, A.; Cheng, J.D.; Kang, S.P.;
Shankaran, V.; et al. IFN--related mRNA profile predicts clinical
response to PD-1 blockade. J. Clin. Investig. 127, 2930-2940
Duruisseaux M, Martinez-Cardus A, Calleja-Cervantes ME, et al.
(2018). Epigenetic prediction of response to anti-PD-1 treatment
in non-small-cell lung cancer: a multicentre, retrospective
analysis. Lancet Respir Med;6(10):771-781

Pabla, S., Conroy, J.M., Nesline, M.K. et al. (2019). Proliferative
potential and resistance to immune checkpoint blockade in lung
cancer patients. j. immunotherapy cancer 7: 27.

Zuazo M, Arasanz H, Ferndndez-Hinojal G, et al. (2019).
Functional systemic CD4 immunity is required for clinical
responses to PD-L1/PD-1 blockade therapy. EMBO Mol
Med.;11(7):e10293

Kamphorst AO, Pillai RN, Yang S, et al.(2017). Proliferation of
PD-1+ CD8 T cells in peripheral blood after PD-1-targeted
therapy in lung cancer patients. Proc Natl Acad Sci U S A.
;114(19):4993-4998

Lin Z, Gu J, Cui X, Huang L, Li S. (2019). Deciphering
Microenvironment of NSCLC based on CD8+ TIL Density and
PD-1/PD-L1 Expression. J  Cancer. 10(1):211-222. doi:
10.7150/jca.26444. eCollection 2019.

Zheng H, Liu X, Zhang J, Rice SJ, Wagman M, et al. (2016).
Expression of PD-1 on CD4+ T cells in peripheral blood
associates with poor clinical outcome in non-small cell lung
cancer. Oncotarget;7(35):56233-56240.

Arrieta O, Montes-Servin E, Hernandez-Martinez JM, et al.
(2017). Expression of PD-1/PD-L1 and PD-L2 in peripheral T-
cells from non-small cell lung cancer patients.
Oncotarget.;8(60):101994-102005.

Jin Y, Zhang P, Li J, Zhao J, Liu C, et al. (2015). B7-H3 in
combination with regulatory T cell is associated with tumor
progression in primary human non-small cell lung cancer. Int J
Clin Exp Pathol;8(11):13987-95. eCollection 2015.

Auctores Publishing — Volume 3(2)-057 www.auctoresonline.org Page - 5

38.

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

Zuazo M, Arasanz H, Fernandez-Hinojal G et al. (2018). Highly
differentiated CD4 T cells unequivocally identify primary
resistance and risk of hyperprogression to PD-L1/PD-1 immune
checkpoint blockade in lung cancer. bioRxiv doi:10.1101/320176
Sacdalan DB, Lucero JA, Sacdalan DL. (2018). Prognostic utility
of baseline neutrophil-to-lymphocyte ratio in patients receiving
immune checkpoint inhibitors: a review and meta-analysis. Onco.
Targets Ther. 11, 955-965

Soyano, A.E., Dholaria, B., Marin-Acevedo, J.A. et
al.(2018).Peripheral blood biomarkers correlate with outcomes in
advanced non-small cell lung Cancer patients treated with anti-
PD-1 antibodies; j. immunotherapy cancer: 6: 129.

Jiang T, Bai Y, Zhou F, Li W, Gao G, et al.(2019). Clinical value
of neutrophil-to-lymphocyte ratio in patients with non-small-cell
lung cancer treated with PD-1/PD-L1 inhibitors. Lung
Cancer;130:76-83.

Kiriu T, Yamamoto M, Nagano T, Koyama K, et al. (2019).
Prognostic Value of Red Blood Cell Distribution Width in Non-
small Cell Lung Cancer Treated With Anti-programmed Cell
Death-1 Antibody. In Vivo;33(1):213-220.

Ribas A, Shin DS, Zaretsky J, Frederiksen J, et al. (2016). PD-1
Blockade Expands Intratumoral Memory T Cells. Cancer
Immunol Res;4(3):194-203

Kamphorst AO, Wieland A, Nasti T, et al.(2017). Rescue of
exhausted CD8 T cells by PD-1-targeted therapies is CD28-
dependent. Science;355(6332):1423-1427.

Matsuo N, Azuma K, Hattori S, et al. (2019). Association
between soluble immune mediators and tumor responses in
patients with nonsmall cell lung cancer treated with anti-PD-1
inhibitor. Int J Cancer;144(5):1170-1179

Sanmamed MF, Perez-Gracia JL, Schalper KA, et al.(2017).
Changes in serum interleukin-8 (IL-8) levels reflect and predict
response to anti-PD-1 treatment in melanoma and non-small-cell
lung cancer patients. Ann Oncol.;28(8):1988-1995.

Lang D, Horner A, Brehm E, et al.(2019). Early serum tumor
marker dynamics predict progression-free and overall survival in
single PD-1/PD-L1 inhibitor treated advanced NSCLC-A
retrospective cohort study. Lung Cancer. 134:59-65.

Janning M, Kobus F, Babayan A, et al.(2019). Determination of
PD-L1 Expression in Circulating Tumor Cells of NSCLC Patients
and Correlation with Response to PD-1/PD-L1 Inhibitors.
Cancers (Basel).;11(6).

Cabel L, Riva F, Servois V, et al. (2017). Circulating tumor DNA
changes for early monitoring of anti-PD1 immunotherapy: a
proof-of-concept study. Ann Oncol.;28(8):1996-2001.

Lisberg A, Tucker DA, Goldman JW, et al. (2018). Treatment-
Related Adverse Events Predict Improved Clinical Outcome in
NSCLC Patients on KEYNOTE-001 at a Single Center. Cancer
Immunol Res. doi: 10.1158/2326-6066.CIR-17-0063

Wang C, Qiao W, Jiang Y, et al. (2019). Effect of sex on the
efficacy of patients receiving immune checkpoint inhibitors in
advanced non-small cell lung cancer. Cancer Med. 8(8):4023-
4031.

Zhang L, Sun L, Yu J, Shan F, Zhang K, Pang X, Ma C, et
al.(2019) Comparison of Immune Checkpoint Inhibitors between
Older and Younger Patients with Advanced or Metastatic Lung
Cancer: A Systematic Review and Meta-Analysis. Biomed Res
Int. 2019:9853701


http://www.auctoresonline.org/
https://www.auctoresonline.org/journals/cancer-research-and-cellular-therapeutics
https://www.ncbi.nlm.nih.gov/pubmed/29337640
https://www.ncbi.nlm.nih.gov/pubmed/29337640
https://www.ncbi.nlm.nih.gov/pubmed/25765070
https://www.ncbi.nlm.nih.gov/pubmed/25765070
https://www.ncbi.nlm.nih.gov/pubmed/25765070
https://www.ncbi.nlm.nih.gov/pubmed/30964529
https://www.ncbi.nlm.nih.gov/pubmed/30964529
https://www.ncbi.nlm.nih.gov/pubmed/30964529
https://www.ncbi.nlm.nih.gov/pubmed/30964529
https://www.ncbi.nlm.nih.gov/pubmed/30816954
https://www.ncbi.nlm.nih.gov/pubmed/30816954
https://www.ncbi.nlm.nih.gov/pubmed/30816954
https://www.ncbi.nlm.nih.gov/pubmed/30816954
https://www.ncbi.nlm.nih.gov/pubmed/30816954
https://www.ncbi.nlm.nih.gov/pubmed/30297881
https://www.ncbi.nlm.nih.gov/pubmed/30297881
https://www.ncbi.nlm.nih.gov/pubmed/30297881
https://www.ncbi.nlm.nih.gov/pubmed/30297881
https://www.ncbi.nlm.nih.gov/pubmed/29074606
https://www.ncbi.nlm.nih.gov/pubmed/29074606
https://www.ncbi.nlm.nih.gov/pubmed/29074606
https://www.ncbi.nlm.nih.gov/pubmed/29074606
https://www.ncbi.nlm.nih.gov/pubmed/29074606
https://www.jci.org/articles/view/91190
https://www.jci.org/articles/view/91190
https://www.jci.org/articles/view/91190
https://www.jci.org/articles/view/91190
https://www.sciencedirect.com/science/article/abs/pii/S2213260018302844
https://www.sciencedirect.com/science/article/abs/pii/S2213260018302844
https://www.sciencedirect.com/science/article/abs/pii/S2213260018302844
https://www.sciencedirect.com/science/article/abs/pii/S2213260018302844
https://jitc.biomedcentral.com/articles/10.1186/s40425-019-0506-3
https://jitc.biomedcentral.com/articles/10.1186/s40425-019-0506-3
https://jitc.biomedcentral.com/articles/10.1186/s40425-019-0506-3
https://www.ncbi.nlm.nih.gov/pubmed/31273938
https://www.ncbi.nlm.nih.gov/pubmed/31273938
https://www.ncbi.nlm.nih.gov/pubmed/31273938
https://www.ncbi.nlm.nih.gov/pubmed/31273938
https://www.ncbi.nlm.nih.gov/pubmed/28446615
https://www.ncbi.nlm.nih.gov/pubmed/28446615
https://www.ncbi.nlm.nih.gov/pubmed/28446615
https://www.ncbi.nlm.nih.gov/pubmed/28446615
http://www.jcancer.org/v10p0211.htm
http://www.jcancer.org/v10p0211.htm
http://www.jcancer.org/v10p0211.htm
http://www.jcancer.org/v10p0211.htm
https://www.ncbi.nlm.nih.gov/pubmed/27191652
https://www.ncbi.nlm.nih.gov/pubmed/27191652
https://www.ncbi.nlm.nih.gov/pubmed/27191652
https://www.ncbi.nlm.nih.gov/pubmed/27191652
https://www.ncbi.nlm.nih.gov/pubmed/29254220
https://www.ncbi.nlm.nih.gov/pubmed/29254220
https://www.ncbi.nlm.nih.gov/pubmed/29254220
https://www.ncbi.nlm.nih.gov/pubmed/29254220
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713496/
https://www.biorxiv.org/content/10.1101/320176v2
https://www.biorxiv.org/content/10.1101/320176v2
https://www.biorxiv.org/content/10.1101/320176v2
https://www.biorxiv.org/content/10.1101/320176v2
https://www.ncbi.nlm.nih.gov/pubmed/29503570
https://www.ncbi.nlm.nih.gov/pubmed/29503570
https://www.ncbi.nlm.nih.gov/pubmed/29503570
https://www.ncbi.nlm.nih.gov/pubmed/29503570
https://www.ncbi.nlm.nih.gov/pubmed/30470260
https://www.ncbi.nlm.nih.gov/pubmed/30470260
https://www.ncbi.nlm.nih.gov/pubmed/30470260
https://www.ncbi.nlm.nih.gov/pubmed/30470260
https://www.ncbi.nlm.nih.gov/pubmed/30885355
https://www.ncbi.nlm.nih.gov/pubmed/30885355
https://www.ncbi.nlm.nih.gov/pubmed/30885355
https://www.ncbi.nlm.nih.gov/pubmed/30885355
https://www.ncbi.nlm.nih.gov/pubmed/30587626
https://www.ncbi.nlm.nih.gov/pubmed/30587626
https://www.ncbi.nlm.nih.gov/pubmed/30587626
https://www.ncbi.nlm.nih.gov/pubmed/30587626
https://www.ncbi.nlm.nih.gov/pubmed/26787823
https://www.ncbi.nlm.nih.gov/pubmed/26787823
https://www.ncbi.nlm.nih.gov/pubmed/26787823
https://www.ncbi.nlm.nih.gov/pubmed/28280249
https://www.ncbi.nlm.nih.gov/pubmed/28280249
https://www.ncbi.nlm.nih.gov/pubmed/28280249
https://www.ncbi.nlm.nih.gov/pubmed/30307035
https://www.ncbi.nlm.nih.gov/pubmed/30307035
https://www.ncbi.nlm.nih.gov/pubmed/30307035
https://www.ncbi.nlm.nih.gov/pubmed/30307035
https://www.ncbi.nlm.nih.gov/pubmed/28595336
https://www.ncbi.nlm.nih.gov/pubmed/28595336
https://www.ncbi.nlm.nih.gov/pubmed/28595336
https://www.ncbi.nlm.nih.gov/pubmed/28595336
https://www.ncbi.nlm.nih.gov/pubmed/31319996
https://www.ncbi.nlm.nih.gov/pubmed/31319996
https://www.ncbi.nlm.nih.gov/pubmed/31319996
https://www.ncbi.nlm.nih.gov/pubmed/31319996
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627043/
https://academic.oup.com/annonc/article/28/8/1996/3782552
https://academic.oup.com/annonc/article/28/8/1996/3782552
https://academic.oup.com/annonc/article/28/8/1996/3782552
https://www.ncbi.nlm.nih.gov/pubmed/29382669
https://www.ncbi.nlm.nih.gov/pubmed/29382669
https://www.ncbi.nlm.nih.gov/pubmed/29382669
https://www.ncbi.nlm.nih.gov/pubmed/29382669
https://www.ncbi.nlm.nih.gov/pubmed/31165589
https://www.ncbi.nlm.nih.gov/pubmed/31165589
https://www.ncbi.nlm.nih.gov/pubmed/31165589
https://www.ncbi.nlm.nih.gov/pubmed/31165589
https://www.hindawi.com/journals/bmri/2019/9853701/
https://www.hindawi.com/journals/bmri/2019/9853701/
https://www.hindawi.com/journals/bmri/2019/9853701/
https://www.hindawi.com/journals/bmri/2019/9853701/
https://www.hindawi.com/journals/bmri/2019/9853701/

