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Lung cancer is the second most common cancer with a poor survival rate (18.6%). Recently treatment of lung
cancer has been improved starting from choosing appropriate treatment by gene and immunobiomarkers
analysis to immunotherapy which played a major role in the treatment of lung cancer and showed
improvement in overall survival (OS), progression-free survival (PFS) and objective response rate (ORR)
with less adverse effects. Through this triad Immunotherapy, immunobiomarkers and Gene analysis
oncologists can provide better treatment for lung cancer patients.

The most important cause that makes immunotherapy shows good results in the treatment of lung cancer is
P53 gene mutation which is present in more than half of lung cancer patients. P53 gene mutation causes high
genetic instability so causes more mutations in cancer cells and more neoantigens are formed. These
neoantigens make cancer cells more immunogenic and respond better to the treatment of lung cancer by
immunotherapy.

The most common immunotherapy drug family that is effective in the treatment of lung cancer is Immune
checkpoint inhibitors. Throughout the journey of treatment Immune checkpoint inhibitors can develop
resistance by multiple mechanisms that are discussed in the review and to overcome these mechanisms

Immune checkpoint inhibitors can be used in combination with other immunotherapies or radiotherapy.

© 2022 Mostafa Wael. Hosting by Science Repository.

Introduction

Lung cancer constitutes nearly 18.5% of all cancer-related deaths and
the second most common cancer (after excluding skin cancer) [1]. Breast
cancer is the most commonly diagnosed cancer in women, while prostate
cancer is the most commonly diagnosed cancer in men. Primary Lung
cancers have two types of small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC). NSCLC represents 85% of all primary lung
cancers, and most patients present with unresectable tumors and in
advanced stages at the time of diagnosis [2]. NSCLC has three main
types which are squamous cell, adenocarcinoma and large-cell
undifferentiated carcinoma. Adenocarcinoma accounts 30% of all lung
cancers (most common subtype of lung cancer); and about 40% of
NSCLC occurrences [3]. SCLC grows quickly and sends metastasis to
other parts of the body. This type of lung cancer represents fewer than

20% of lung cancers and usually associated with tobacco smoking. Two
main types of SCLC are small cell carcinoma (most common type of
SCLC) and combined small cell carcinoma [4].

For several years, chemotherapy was the only treatment that could
prolong survival in patients with advanced NSCLC but recently
immunotherapy played a major role in lung cancer treatment [5].
Immunotherapy is a treatment modality that induces the immune system
to recognize and destroy cancer cells. Immune checkpoint inhibitors are
the most common type of immune therapy which are used in lung cancer
treatment. Immune checkpoint inhibitors showed good results even
better than chemotherapy in the treatment of lung cancer [5, 6]. Immune
checkpoint inhibitors are either agonistic or antagonistic antibodies that
activate T- cells and work on immune checkpoints. Immune checkpoints
are proteins expressed on cancer cells or immune cells that prevent the
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immune system from attacking cancer. Immune checkpoints are
identified by immunohistochemistry and the main immune checkpoints
are Cytotoxic T-lymphocyte antigen-4 (CTLA-4) and Programmed
death ligand 1 (PDL1) or receptor on T- cell as PD-1 receptors [7].

Toxicity profile of immunotherapy is different from cytotoxic
chemotherapeutic agents. Toxicity profile is due to immune system
activation. This activation may cause an immune attack on normal
tissues. Signs and symptoms which appear from this activation are
similar to autoimmune diseases. Any organ in the body can be attacked,
so that a wide variety of possible immune-related adverse events may
occur, depending on which organ is affected [8]. It is difficult to predict
patients who will suffer from these adverse effects. These adverse effects
have been related to gut microbiome; interleukin 17 and healthy tissue
expression of CTLA-4. Adverse effects that can occur are Colitis,
Pneumonitis, Hepatitis, Thyroid disorder, Hypophysitis and Skin
toxicity. Each side effect has four different grades [9]. Hypothyroidism
is the most common immune-related adverse event that has been
associated with PDL1 and PD1 in treatment of NSCLC Hypothyroidism
is treated by thyroid hormone replacement therapy [10]. Therefore,
monitoring of TSH level is necessary every 4-6 weeks and If TSH > 10,
levothyroxine should be used to make TSH reach the normal range
(normal range according to patient age) [11]. It was reported that patients
who are treated with PD-1 inhibitors have higher incidence of
pneumonitis compared to patients who receive PD-L1 treatment (4 vs.
2%; P = 0.01). Therefore, clinicians should be more aware of lung
inflammation in NSCLC patients receiving PD-1 inhibitors therapy [10].
The incidence of adverse effects of PD-1/PD-L1 inhibitors monotherapy
are lower than that of combination therapy. For example, Treatment-
related adverse effects (TRAEs) occurrence with pembrolizumab
monotherapy were 70.9%, while TRAEs that occur with pembrolizumab
combination with chemotherapy were (98.2%) [12, 13].

The incidence of pneumonia is generally 7.4-24.3 months after the start
of treatment. Clinical symptoms are mainly dyspnea, dry cough, chest
pain and fever [14]. Patients with mild (grade I) pneumonia need to re-
assess arterial oxygen saturation in both resting and active states and
repeat chest CT in one month [15, 16]. For grade 11 or higher physicians
should suspect bacterial or viral infections. So nasal swab can be done
for possible viral infections and sputum culture, blood culture, and urine
antigen test are used to detect pneumococcus and legionella (Bacterial
infection) [16]. Bronchoscopy and bronchoalveolar lavage are essential.
If the infections are not completely excluded, empiric antibiotics can be
used. Other than ruling out infections there must be management of
clinical symptoms. It can be done by taking oral or intravenous
prednisone/methylprednisolone 1-2 mg/kg/day for grade Il pneumonia
patients [16, 17]. Severe cases (stage three and four) need hospitalization
and intravenous methylprednisolone 1-2 mg/kg/day. If corticosteroids
remain ineffective after 2 days from starting treatment other
immunosuppression drugs can be used such as infliximab,
mycophenolate mofetil or intravenous immunoglobulin [16, 17].

Gene analysis by NGS and immunobiomarkers (PDL1, CTLA-4)
identification by immunohistochemistry guide us to choose the best
combination of treatment for lung cancer patients either immunotherapy
alone or in combination with chemotherapy [18-20].
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Immune Checkpoint Inhibitor (Immunotherapy)
| CTLA-4 Inhibition

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) protein competes
withCD28 for B7 binding in an inhibitory fashion and suppresses T-cell.
Antibodies to CTLA-4 block the inhibition of CD28/B7 which causes T-
cell activation and in turn prolong anti-tumor activity. CTLA-4inhibitors
don’t show great effect when used as monotherapy and only seem to be
working in lung cancer when used in combination with chemotherapy
[21, 22].

11 Ipilimumab

FDA approved nivolumab with ipilimumab and two cycles of platinum-
doublet chemotherapy as the first line of treatment for patients with
metastatic or recurrent NSCLC with no EGFR or anaplastic lymphoma
kinase (ALK) genomic mutation. This approval was based on results
from Study CA2099LA (CheckMate 9LA) in which there was an
improvement in OS for patients receiving nivolumab with ipilimumab
and chemotherapy (median 14.1 months) compared to chemotherapy
alone (median 10.7 months). PFS and ORR demonstrated also
statistically significant differences [23].

111 PD-1 Checkpoint Blockade

PD-L1 and PDL-2 are the most studied membrane inhibitory ligands in
NSCLC. Approximately half of NSCLC patients express PD-L1 and
PDL-2 and their expression contribute to poor prognosis by suppressing
T-cell function and promoting tumor cell immune escape [24]. PD-1
inhibitors are considered the best immune checkpoint blockade in the
treatment of lung cancer. Anti-PD1 and chemotherapy were associated
with better OS and PFS when compared with anti-PDL1 plus
chemotherapy in the treatment of lung cancer this is because anti-PD-1
works on PD-1 receptors so inhibits both PD-L1 and PD-L2 not only
PD-L1 [25, 26]. Unlike CTLA-4 inhibitors anti-PD1 shows good results
as a monotherapy. PD-1 results depend on PDL-1 expression on tumor
cells.

IV Pembrolizumab

Pembrolizumab is the first-line therapy for patients with PD-L1 50% or
greater as when pembrolizumab is used as monotherapy there were no
significant differences in PFS, OS and respond rate (RR) compared to
pembrolizumab combined with chemotherapy and pembrolizumab (2
mg/kg every 3 weeks or 10 mg/kg every 2 or 3 weeks) showed 3-year
OS rate in 35% of patients who received pembrolizumab compared
t013% of patients who received docetaxel (chemotherapy) [27, 28].
Pembrolizumab showed 5-year OS for patients who have PD-L1 50% or
greater either these patients are previously treated patients or treatment-
naive patients and only grade 3 adverse events occurred, and grade 4
adverse events aren’t documented [29]. Pembrolizumab standard dose
which is approved by FDA is 200 mg every three, but it is documented
that there was no difference in PFS and OS for patients who receive
pembrolizumab with a dose of 100 mg every three weeks (low dose).
This dose is applied either pembrolizumab is used as a monotherapy or
in combination with chemotherapy. Grade three adverse effect or more
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was observed on both doses, so 100 mg of pembrolizumab appears to be
effective and with less cost [30].

V Nivolumab

Advanced pretreated NSCLC Patients who received nivolumab 1, 3, or
10 mg/kg every 2 weeks in 8-week cycles for up to 96 weeks showed 5-
year overall survival. Moreover, nivolumab improved survival over
docetaxel in the treatment of squamous and non-squamous cell NSCLC.
Trials for previously treated, advanced squamous cell NSCLC patients
showed OS: 9.2 vs. 6.0 months and for non-squamous NSCLC patients
OS was 12.2 months vs 9.4 months and adverse effects were observed
for patients treated with Nivolumab was <10% of patients compared to
docetaxel was ~ 55% [31, 32]. Therefore, nivolumab was approved by
the FDA, at a dose of 240 mg IV every 2 weeks, for patients with
previously treated, metastatic squamous and non-squamous cell lung
carcinoma who have progressed on platinum-containing therapy.
Nivolumab at 480 mg IV every 4 weeks was approved for NSCLC
patients [33].

Anti PD-L1 Antibody
| Atezolizumab

Atezolizumab is usually used as the second line of NSCLC treatment as
atezolizumab in combination with chemotherapy is not cost-effective
when it is used as first-line therapy of advanced non-squamous NSCLC
but atezolizumab can be used as the first line of treatment of ES-SCLC
patients when combining with durvalumab and platinum-based
chemotherapy [34]. These approvals were based on meaningful
improvements in overall survival [35].

Immunotherapy
resistance
mechanisms

Immunoediting
(lower tumor
Immunogenicity)

T-cell exhaustion

Treg and Myeloid
dendritic cells in mmor
microenvironment

Chemokines

(CCR4 and CXCLS
associated with poor
prognasis with NSCLC)

VEGF in TME

NNy

11 Avelumab

Avelumab (New anti PD-L1 antibody) dose is10 mg/kg IV over one hour
every 2 weeks until progression or unacceptable toxicity. Patients have
to take acetaminophen and antihistamine before the first four infusions,
and continuation of premedication is primarily based on clinical cases
[36]. The Phase I trial investigated avelumab as the main therapy for
NSCLC. The trial included patients suffering from recurrent NSCLC
(adenocarcinoma and squamous cell carcinoma) or patients in stage IV
and no ALK fusion or activating EGFR mutation. Avelumab had
acceptable results for patients had PD-L1-positive tumors based on >1%
expression. ORR was19.9% (95% CI, 13.9% — 27.0%). ORR For
patients with squamous histology was17.4% and 20.9% for patients with
non-squamous histology. Disease control rate was 64% as 45% of
patients had stable disease [37, 38].

111 Durvalumab

Durvalumab (10 mg /kg of body weight every 2 weeks for up to 12
months) was validated for locally advanced unresected stage 3 NSCLC
after chemoradiation therapy, regardless of PD-L1 expression. It appears
that patients with PD-L1 expression higher than 25% have the highest
benefit. This was shown in phase 3 frial durvalumab significantly
improve PFS compared to placebo results. Treatment with durvalumab
started 1 to 42 days after chemo radiotherapy was given to patients.
Durvalumab significantly prolonged OS compared to placebo results
(stratified hazard ratio for death, 0.68; 99.73% CI, 0.47 to 0.997;
P=0.0025). The median time to distant metastasis or death was 28.3
months in the durvalumab group and 16.2 months in the placebo group
[39].

Methods to over come
Resistance mechanisms

1. PRAP inhibitors
2.radiotherapy

Immunotherapy
combination

1. CTLA-4 inhibitors
2. LAG-3 inhibitors
3. TIM-3 inhibitors

10O inhibitors

Mogamulizumab
(CCR4 antibody)

Anti-angiogenic Drugs
(AAD)

Figure 1: Mechanisms of Immunotherapy resistance and methods to overcome these mechanisms.
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Unlucky immunotherapy can develop resistance by different
mechanisms. Intrinsic mechanisms as cell signaling, immune
recognition, gene expression, DNA damage response and extrinsic
mechanisms such as T cell activation and neo-angiogenesis [40].

IV Intrinsic Resistance Mechanisms:

Cancer cells: Neo-antigen burden of cancer cells and tumor
immunogenicity depend mainly on genetic instability. Increasing
genetic instability of cancer cells will increase neo-antigen burden
of cancer cells and tumor immunogenicity. Therefore, Tumor tries
to repair their DNA damage by Poly adenosine diphosphate ribose
polymerase (PARP) enzyme to decrease genetic instability and a
result will decrease immunotherapy efficacy. PARP inhibitors can
be used in case immune checkpoint inhibitors develop resistance
to increase genetic instability and increase tumor immunogenicity
[41].

T cell resistance: Multiple ligands are expressed on cancer cells
notonly PD-Lland CTLA-4. T cells can respond to these ligands
through receptors on it. These receptors are immunoglobin
mucin-3 (TIM-3) and lymphocyte activation gene 3 (LAG-3)
[42]. Multiple ligand expression usually causes severe T cell
exhaustion consequently leading to Immunotherapy resistance
[43].

V Extrinsic Resistance Mechanism

Treg and Myeloid dendritic cells (MDSC) cause
immunosuppression in tumor microenvironment (TME) and
facilitate tumor cell growth. Immunotherapy efficacy has been
linked to lower Treg and MDSC infiltration in preclinical studies
but cancer cells and their stroma (fibroblast and endothelial cells)
express Indoleamine 2, 3-dioxygenase (IDO) that promotes Treg
and MDSC proliferation and activation [44, 45].

Chemokine: Inflammation is an important component of TME
and Chemokines are a family of small cytokines that has a crucial
role in inflammation and immunity. Chemokines induce tumor
angiogenesis, tumor growth, metastatic spreading and leukocytes
recruitment. Chemokines recruit CCR2+ monocytes and
CXCR2+ neutrophils at the tumor site. This recruitment
differentiates monocytes and neutrophils to tumor-associated
macrophages (TAMs) and tumor- associated neutrophils (TANS).
TAM and TAN create an immunosuppressive tumor
microenvironment .chemokine receptors are expressed by cancer
and stromal cells [46].

Vascular endothelial growth factor (VEGF): VEGF is expressed
in TME due to hypoxia. Although, VEGF increases
immunogenicity of the tumor as VEGF is driver of tumor
neoangiogenesis it exerts an immunosuppressive effect [47].
Anti-PD-1 non-responders showed higher VEGF levels compared
to responders, suggesting a role of VEGF in immunotherapy
resistance so anti-VEGF use is considered an important strategy
to overcome resistance [48].

There are different methods to overcome immunotherapy resistance
mechanisms:

Radiother Clin Oncol doi:10.31487/j.RC0.2022.01.01

First method to overcome immunotherapy resistance is
immunotherapy combination. Immunotherapy combination is
done to overcome T-cell exhaustion. LAG-3 receptor is
expressed on T-cells and binds to Fibrinogen-like protein
1(FGL1) (ligand on cancer cells). This binding causes T-cells
exhaustion as it blocks indirectly TCR pathway resulting in
cytokines inhibition [49, 50]. When Lymphocytes express PD-1
and LAG-3 this make severe exhaustion in T cells, unlike T cells
which express PD-1 only mild to non-significant exhaustion
occurs [51]. Anti-LAG3 antibody (e.g., IMP321, relatlimab)
plus a PD-1/PD-L1 inhibitor revealed favourable preclinical
results in different tumors that express these two types of
immune checkpoints (FGL1and PDL-1). Preclinical results were
observed in clinical phase /11 trials for LAG-3 and PD-1 positive
tumors when treated with relatlimab plus nivolumab [52].

Similar to LAG-3 TIM-3 negatively regulates T cell activation
and severe exhaustion was observed with TIM-3 positive CD8+
T cells. Galectin-9, HMGB1 orCEACAM-1 are TIM-3 ligands
expressed by cancer cells [53]. In Phase | trial anti-TIM3
antibody TSR-022 in combination with a PD-1 inhibitor increase
clinical activity in anti-PD-1 refractory NSCLC and melanoma.

T cell immunoreceptor with immunoglobulin and ITIM domain
(TIGIT) is a co-inhibitory receptor up regulated by immune
cells, including activated T cells, natural killer cells, and
regulatory T cells. TIGIT has adirect immunosuppressive effect
when binds to CD155 so TIGIT inhibitors improve anti-tumor T
cell  responses.  Tiragolumab  (TIGIT-inhibitor)  plus
atezolizumab meaningfully improve ORR compared to
atezolizumab monotherapy in PD-L1 positive metastatic
NSCLC patients (55.2% vs 17.2%) [54].

Finally, CTLA4 inhibitors combination with PD-1 and PDL-1
prolong OS benefit for first line ipilimumab plus nivolumab in
advanced-stage disease (median OS 17.1 vs. 13.9 months with
chemotherapy, 2-year OS of 40% vs. 32.8% (HR 0.79, 97.72%
Cl 0.65-0.96; P = 0.007)), independent of TMB or PD-L1
expression. Treatment-related serious adverse events (AE) of
any grade were more frequent with ipilimumab plus nivolumab
than with chemotherapy (24.5% vs. 13.9%) [55].

VEGF inhibitors called anti-Angiogenic Drugs (AAD) can
normalize tumor vasculature and restore blood flow, therefore
decreasing tumor hypoxia and facilitating immune cell
infiltration [56]. VEGF is measured with R&D Systems kit
Examination or sandwich enzyme-linked immunosorbent assay.
Anti-VEGF radiotherapy and anti-PD-L1 therapy resulted in the
generation of prolonged protective T cell immunity. A
significant improvement in survival (p=0.003) was observed in
Mice were given Lewis lung carcinoma (LLC) that were treated
with  radiotherapy  +anti-PD-L1+anti-VEGF  therapies
combination compared to radiotherapy alone. Anti-VEGF
therapy in combination with cancer immunotherapy has
promising results in both preclinical and clinical settings.
Combined anti-VEGF and PD-L1 inhibitors have a synergistic
effect that was shown in the treatment of mice have small cell
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lung cancer and tumor associated with PD-1/TIM-3 double
positive T cell [57]. Therapeutic combinations of AAD and
immunotherapy have already been approved for endometrial
cancer and renal cell carcinoma. IMpower150 trial in the
treatment of NSCLC showed an OS benefit for the first-line
quadruple  (atezolizumab/bevacicumab/carboplatin/paclitaxel)
therapy versus AAD/doublet-chemotherapy with a particular
benefit in patients who have EGFR-mutant/ALK-positive
tumors [58].

iii. PARP inhibitors (Olaparib, Niraparib, Rucaparib, talazoparib)
work on PARP enzyme that acts in DNA Damage Response
(DDR) pathways. These pathways repair damaged DNA which
occurs during cell replication [59]. PARP enzyme repairs single-
strand DNA mutations. NSCLC with BRCA mutation doesn’t
show a good response to PARP inhibitors monotherapy.
However, numerous clinical studies showed synergistic effects
of PARP inhibitors and immunotherapy in many solid
malignancies with BRCA mutation. PARP inhibitors induce
genetic instability, increase TMB and neoantigens burden via
DDR deficiency and may be involved in PD-L1 up-regulation by
cancer cells [60]. Schlafen family member 11 (SLFN11)
encourages cell death in response to DNA damage. Recently
SLFN11was identified as a prognostic biomarker for SCLC
sensitivity to PARP inhibitors [61]. PARP inhibitors are
established in the treatment of BRCA-mutated breast and
ovarian cancer but for lung cancer PARP inhibitors did not show
good results in NSCLC treatment but showed good results in the
treatment of SCLC [62, 63]. Talazoparib 1.0 mg daily exhibits
anti-tumor activity and the highest bioavailability in patients
presenting with BRCA mutations. The median PFS of these
patients was 11.1 weeks [95% confidence interval (Cl): 4.3-13.0
weeks] [64]. PARP inhibitors such as Olaparib when combined
with chemotherapeutics like cisplatin and etoposide enhance
anti-tumor effects in SCLC as several preclinical reported that
PARP inhibitors can also increase the response of SCLC patients
to other chemotherapeutics [65]. This response depends on
SLFN11 expression on tumor cells [66]. Multiple groups have
examined combining novel targeted therapies with PARP
inhibitors [67]. Olaparib and WEEL inhibitor adavosertib
(AZD1775) can significantly improve the efficacy of the single-
agent activity of Olaparib in SCLC circulating tumor cell
patient-derived xenograft [68]. Olaparib increases the cytotoxic
effects of chemotherapies such as ATR inhibitor (AZD-6738) in
SCLC treatment [69]. It is reported that PARP inhibitors
overcome resistance occurred to tyrosine kinase inhibitors in the
treatment of Lung cancers with epidermal growth factor receptor
(EGFR) mutation [70].

iv.  Another method to increase tumor immunogenicity other than
PARP inhibitors is immunotherapy and radiotherapy
combination. Radiation cytotoxic activity comes from inducing
Caspase-driven genomic and mitochondrial DNA fragmentation
in tumor cells, promoting the release of cytochrome ¢ from
mitochondria to activate caspase 9 (CASP9) which initiates
intrinsic apoptosis. Radiotherapy also increases IFN | production
and activation of anticancer immune responses [71]. Usually,
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irradiated tumor cells often fail to produce IFN | and this is due
to CASP9 involvement so emricasan (Caspase Inhibitor) plus
PD-L1 inhibitor enhanced radiation effects [72].

v. Indoleamine 2, 3-dioxygenase 1 and 2 (IDO1 and 2) and
tryptophan-2, 3-dioxygenase (TDO2) are important metabolic
pathways in cancer progression. IDO is IFN induced in cancer,
stromal non-immune and immune cells that metabolize
tryptophan to kynurenine. This metabolic convergence induces
an immunosuppressive effect in TME. Kynurenine accumulation
and tryptophan decrease promote the generation of Treg and
MDSCs and inhibit T cells proliferation and activation [73].
IDO1 up-regulation has been reported in different cancer types
including NSCLC and associated with poor prognosis and
immunotherapy resistance. IDO1 inhibitors increase T cell
proliferation and tumor infiltration as well as IL-2 up-regulation
[74]. IDO1 inhibitors have been tested in multiple phases I/I1
trials in combination with PD-1/PD-L1/ CTLA-4 inhibitors with
promising results [75]. However, the first large phase 11l ECHO-
301 trial evaluating the selective IDO inhibitors in combination
with pembrolizumab in advanced melanoma demonstrated
improvement in PFS compared to pembrolizumab [76].

vi.  The CC chemokine receptor type 4 (CCR4) is expressed on Treg
cells and other circulating/tumor-infiltrating T cells and binds to
ligands expressed on cancer cells asCCL17, CCL2 .This binding
promotes the recruitment of immunosuppressive Treg cells.
Furthermore, the CXCL5/CXCR2-axis encourages myeloid cell
recruitment.CXCR2 blockade significantly reduces the presence
of MDSC in murine tumors [77]. CCR4 and CXCLS5 expression
have been associated with poor prognosis in various cancer types
including NSCLC [78]. The monoclonal anti-CCR4 antibody
mogamulizumab exerts Treg-depleting effects and it is FDA-
approved for refractory T cell lymphoma. First results from
phase | solid tumor frials in combination with PD-1/PD-L1/
CTLA-4 inhibitors suggest an acceptable safety profile.
Mogamulizumab has an antitumor effect in NSCLC [79].

Choosing Best Treatment
I Immunobiomarkers
i PD-L1

It is very important to identify the percent of cells in the tumor which
express PDL-1. Lung tumors that express PDL-1 <1% don’t show
responses with anti-PD1/PD-L1 therapies [80]. Lung tumors that express
PDL-1 >1% show good results with anti-PD1/PD-L1specially
pembrolizumab. Pembrolizumab is used as monotherapy in the treatment
of lung tumors with>50% PDL-1 and for tumors with <50% PDL-1
expression pembrolizumab needs to be combined with chemotherapy
[81, 82]. After different cohorts combination of carboplatin + nab-
paclitaxel/paclitaxel is the best combination of chemotherapy that can be
used with pembrolizumab in the treatment of advanced, squamous cell
NSCLC. Carboplatin + nab-paclitaxel/paclitaxel demonstrated an
increase in OS (median 7.8 months) but gene analysis gives information

Volume 5(1): 5-11



Immunotherapy, Immunobiomarkers and Gene Analysis Role in the Improvement of Lung Cancer Treatment 6

about which gene has been mutated and through this analysis, we can
identify the best chemotherapy that can be used in treatment [83].

ii Tumor Mutational Burden (TMB)

TMB is driven by several factors including DNA replication errors and
mutations mediated by defects in tumor suppressor genes (e. g. TP53)
and deficient DNA mismatch repair (dMMR) mechanisms (generally
indicated by high microsatellite instability [MSI-H]) [84, 85]. TMB is
evaluated by using targeted NGS, which measures the number of
mutations on a portion of the coding region and simultaneously provides
data on specific DNA alterations which have been validated [86].
Tumors with high levels of TMB express more cancer-specific antigens
(neoantigens) that increase tumor response to immunotherapy [87, 88].

Nivolumab plus ipilimumab showed promising efficacy in the treatment
of NSCLC with a high tumor mutational burden (>10 mutations per
megabase) and these results are better than chemotherapy results. The
median PFS was 7.2 months (95% confidence interval [CI], 5.5 to 13.2)
versus 5.5 months (95% Cl, 4.4 to 5.8) (hazard ratio for disease death or
progression, 0.58; 97.5% Cl, 0.41 to 0.81; P<0.001) and PFS rate was
42.6% with nivolumab plus ipilimumab versus 13.2% with
chemotherapy. ORR was 45.3% with nivolumab plus ipilimumab and
26.9% with chemotherapy. The benefit of nivolumab plus ipilimumab
over chemotherapy did not depend on PDL-1 expression. Treatment-
related adverse effects grade 3 or 4 were 31.2% with nivolumab plus
ipilimumab and 36.1% with chemotherapy [89].

Other immunobiomarkers can be checked if PDL-1 or PD-1 develops
resistance. These immunobiomarkers are Ligands expressed by cancer
cells and identified by immunohistochemistry as FGL1, TIM-3 ligands
(galectin-9, HMGB1 and CEACAM), CTLA4, TIGIT ligands (CD155
(PVR) and CD112 (PVRL2, nectin-2)), SLFN1land IDO1.All these
immunobiomarkers are expressed on tumor surrounding stroma not only
cancer cells.

iii Gene Analysis

Integrate next-generation sequencing (NGS) and mass spectrometry
(MS)-based technologies are used to identify molecular mechanisms of
lung cancer subtypes, according to mutated genes we can select the best
treatment [90].

a. P53 gene mutation accounts for half of lung cancer cases
(microcellular lung cancer (70%) and adenoid lung cancer
(33%)): Tumor protein 53(TP53) mutations cause chromosomal
instability and usually associated with other gene mutations [91].
Auranofin (AF) anti-rheumatic drug with anticancer properties
that acts as a thioredoxin reductase 1 (TrxR) inhibitor. AF
radicating NSCLC cells via distinct molecular mechanisms,
including ferroptotic cell death and apoptotic directed by the
overexpression of mutant p53 protein [92].

b.  EGFR mutation represents 10-15% of lung cancer generally
appears in adenocarcinoma: osimertinib is the first line of
treatment and shows improvement in PFS, ORR [93]. BRAF
V600E mutation can occur with EGFR mutation and develop
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resistance to osimertinib and make lung cancer more metastatic
so dabrafenib 75 mg twice daily (BID), trametinib 1 mg once
every day (OD) and osimertinib 80 mg OD Within 2 weeks of
treatment, the patient didn’t need more opioid administration as
there is complete relieve of the severe bone pain in the hips, as
well as marked improvement in quality of life and appetite gain,
which turned possible for him to resume his daily activities. As
adverse events (AE), he experienced grade 1 fatigue, fever, and
nausea, all managed with symptomatic medication tumor
reduction within 6 weeks of treatment [94].

KRAS mutation causes adenocarcinoma: a synergistic effect of
the trametinib/FGFR inhibitor (over- come resistance)
combination inhibits proliferation of lung cells with KRAS
mutation. There must be careful attention to synergistic or
additive toxicities [95].

ALK mutation about 5% percent of patients have NSCLC
commonly adenocarcinoma: lorlatinib has the best results
including PFS and ORR but has the highest probability of grade
3-5 adverse effects when used as first-line of treatment in ALK-
positive NSCLC, followed by low-dose 300 mg two times daily
alectinib which had the best safety profile, high-dose (600 mg
twice daily) alectinib, brigatinib, ensartinib, and ceritinib [96].
BRAF mutation has been reported in about 4% of NSCLC
usually adenocarcinoma: KRAS and BRAF are two key
oncogenes in the MAPK/ERK pathway. Trametinib in
combination with dabrafenib (BRAF inhibitor) represents the
first MEK1/2 inhibitor that is approved for advanced
BRAFV600E-mutant NSCLC [97].

ROS1 oncogenic fusion is present in 1%-2% of NSCLC and 4%
of lung adenocarcinoma: Crizotinib is durable in ROS1-positive
patients 12.5% of patients treated with Crizotinib achieved
complete response (CR) and remained in CR at follow-up and
81% had a partial response as the best response and follow- up
showed progress [98].

HER2 mutation causesl-2% of lung adenocarcinomas:
trastuzumab deruxtecan (6.4 mg per kilogram of body weight)
was administered to patients who had metastatic HER2-mutant
NSCLC that was refractory to standard treatment. Patients
confirm objective response (95% confidence interval [Cl], 44 to
65) and median duration of response was 9.3 months (95% Cl,
5.7 to 14.7), median PFS was 8.2 months (95% ClI, 6.0 to 11.9)
and median OS was 17.8 months (95% Cl, 13.8 to 22.1) [99].
Rearranged During Transfection (RET) mutation: The RET
proto-oncogene that encodes for tyrosine kinase receptor which
is activated by gene fusion in 1%-—2% of NSCLC. Patients are
usually female young Asian non-smokers patients. Pralsetinib
and Selpercatinib and (RET-selective inhibitors) 20 mg once
daily to 240 mg two times daily during phase one and 160 mg
two times daily during phase two. They offer manageable
adverse events with long-lasting efficacy so they have changed
the treatment of patients with RET-altered tumors based on their
phase /11 trials [100].

MET mutation causes adenocarcinoma and squamous NSCLC
and about 5% of lung cancer: poor prognosis was observed in
patients who have tumors with a MET exon 14 skipping
mutation as they didn’t show good responses to different types
of therapies, including immunotherapies [101]. Capmatinib
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therapy is efficient for NSCLC patients with a MET exon 14
skipping mutation. The safety profile shows low-grade and
reversible adverse events. Results suggest that capmatinib may
be a new therapeutic line for patients with advanced NSCLC
with a MET exon 14 skipping mutation [102].

j. AKT1 mutation present in 0.69% of all squamous cell lung
carcinoma patients: pan-AKT inhibitor AZD5363 orally

provides tumor regressions and durable responses across
different tumor types harboring the mutation [103].

k. FGFR1 amplification is found in approximately 20% of
squamous cell cancers: combination therapy of FGFR/PLK1
inhibitors has good potential in treating lung cancer with FGFR
alterations and may be extended to other cancer types with the
same type of mutation. Significantly, co-targeting FGFR1/PLK1
causes no additional toxicities [104].

Table 1: Mutated genes that cause lung cancer and best therapy for each mutated gene.

GENE MUTATED LUNG CANCER CAUSED BY THIS MUTATION BEST THERAPY

p53 genes Half of lung cancer cases (microcellular lung cancer | Auranofin
(70%) and adenoid lung cancer (33%)

EGFR mutation 10-15% of lung cancer generally appears in | Osimertinib and if resistance is developed use
adenocarcinoma dabrafenib and trametinib

KRAS mutation adenocarcinoma trametinib/FGFR inhibitor

ALK mutation

5% percent of patients have NSCLC commonly
adenocarcinoma

Lorlatinib (best results)
Alectinib (safest profile)

BRAF mutation

4% of NSCLC usually adenocarcinoma

Trametinib in combination with dabrafenib
(BRAF inhibitor)

ROS1 oncogenic fusion

1%-2% of NSCLC and 4% of lung adenocarcinoma

Crizotinib

HER2 mutation

1-2% of lung adenocarcinomas

trastuzumab deruxtecan

Rearranged during transfection (RET)
mutation

1%-2% of NSCLC patients are usually associated with
female young Asian non-smokers patients

Pralsetinib and Selpercatinib

MET mutation

adenocarcinoma and squamous NSCLC and about 5%

Capmatinib

of lung cancer

AKT1 mutation

0.69% of all squamous cell lung carcinoma

pan-AKT inhibitor AZD5363

FGFR1 amplification 20% of squamous cell cancers

combination therapy of FGFR/PLK1 inhibitors

Conclusion

Immunotherapy is an important line of lung cancer treatment.
Immunotherapy can be used in different lung cancer types and stages.
Immunobiomarkers and gene analysis role is not limited only in
choosing whether immunotherapy is going to be used as monotherapy or
in combination with chemotherapy therapy. They also help in choosing
appropriate immunotherapy that can be used if PD-1 and PDL-1 develop
resistance. Therefore, lung cancer prognosis has improved in the last
years and increase is observed in 5-year overall survival rates.

Finally screening programmes by CT scan are highly recommended for
people age ranges from 55 to 74 years old who are currently smoking or
have quit in the past 15 years or have positive history of lung cancer in
the family [105].
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