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Abstract: Several types of antibodies (Abs) are currently used in non-small cell lung cancer
(NSCLC). Anti-angiogenic and immune checkpoint inhibitors (ICI) Abs are the most frequent
treatments used alone or with chemotherapy in metastatic NSCLC, for the front line and beyond.
Considering the many therapeutic options for locally advanced and metastatic lung cancer and
differences in use according to geographic area, we present here a comprehensive review of the
marketed ICI and antiangiogenic Abs approved in European Unionan Union and the US to treat
locally advanced and metastatic NSCLC patients. We briefly describe the different molecules and
their development in thoracic oncology and compare pharmacokinetic data, processing decision
algorithm and marketing authorizations by the EMA and US Food and Drug Administration
(FDA).

Keywords: lung cancer; immune checkpoint inhibitors; anti-angiogenic; antibodies; cancer treat-
ment

1. Introduction

Lung cancer is responsible for significant morbidity and mortality worldwide; it is
the leading cause of cancer death. It comprises non-small cell lung cancer (NSCLC), the
most frequent subtype, and small cell lung cancer (SCLC). Despite recent therapeutic
progresses, it still constitutes a major public health problem, due to a diagnosis fre-
quently made at advanced stage with a high cost to society. A better understanding of
tumor and immune signaling pathways has enabled the recent discovery of new molec-
ular targets. Inmunotherapy with immune checkpoint inhibitors (ICIs) has changed the
treatment paradigm in many tumor types and improved survival in a subset of patients
with advanced or metastatic cancers [1]. The choice of standard therapeutic options for
patients with locally advanced, and metastatic NSCLC has been expanded by monoclo-
nal antibodies (Abs) like ICls, but also anti-angiogenic Abs and other targeted Abs [2].

Several types of Abs are currently used for the treatment of NSCLC, but this review
will discuss ICI and anti-angiogenic Abs. In fact, some Abs are directed to the epidermal
growth factor receptor (EGFR) like necitumumab, a monoclonal antibody (Ab) and
blocks the interaction between EGFR and its ligands. It was approved by the FDA in 2015
for first-line treatment of metastatic squamous NSCLC in combination with chemother-
apy [3] but the National Comprehensive Cancer Network (NCCN) guidelines recom-
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mends against the use of this Ab, based on its toxicity, cost and limited improvement in
efficacy when compared to chemotherapy.

We will discuss commonly used and marketed ICIs for patients with NSCLC in-
cluding: nivolumab [4-7], pembrolizumab [8-11], cemiplimab [12], durvalumab [13],
atezolizumab [14-16], and ipilimumab [6,17]. They act by targeting immune checkpoints
expressed by tumor infiltrating lymphocytes (TILs) — programmed-death 1 (PD-1) or
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) — or expressed by cancer and tu-
mor infiltrating immune cells — programmed-death ligand 1 (PD-L1) [18]. An-
ti-angiogenic Abs used in NSCLC are bevacizumab [19-21] and ramucirumab [22,23].
The choice of ICI molecule depends on the expression of tumor PD-L1 for some mole-
cules or associations and the choice of anti-angiogenic therapy is based on patients’ con-
traindications and tumor histology. ICIs have proven to be better tolerated than chemo-
therapy [5,9] but, the response to single-agent ICI is not durable in most patients and only
a minority have a durable benefit [14,24]. Even if ICI represent one of the most promising
therapeutic approaches in metastatic NSCLC, combination treatments are frequently
used including chemotherapy, multiple ICIs or ICI and other Abs, in order to improve
their efficacy.

Considering the various therapeutic options for locally advanced and metastatic
lung cancer and differences in use according to geographic area, we present a compre-
hensive review of the marketed ICI and antiangiogenic Abs approved in European Union
and the US to treat NSCLC patients. We will focus our discussion on NSCLC without
oncogenic drivers except for anti-angiogenic Abs which can be used in combination with
tyrosine kinase inhibitors (TKI) in case of EGFR-mutated tumors. The European Medi-
cines Agency (EMA) is a decentralized agency of the European Union (EU) responsible
for the scientific evaluation, supervision and safety monitoring of medicines. It serves the
EU and other countries: Iceland, Norway, and Liechtenstein. United Kingdom (UK) and
Switzerland are therefore not affected by this review. Even before their withdrawal from
the EU, UK did not use EMA recommendations for their drug approvals; Switzerland has
its own marketing authorization system (Swissmedic’s). Herein, we briefly describe the
different molecules and their development in thoracic oncology and compare pharma-
cokinetic data and marketing authorizations by the EMA and US Food and Drug Ad-
ministration (FDA).

2. Immune checkpoint inhibitors

Cancer growth and spread are not only dependent on tumor cell characteristics but
are also affected by the interaction with the immune system [25]. To prevent any un-
wanted damage caused by activated T cells to surrounding tissues, the immune system
has evolved a variety of mechanisms, or ‘checkpoints’ that are used to modulate the du-
ration and amplitude of the immune responses [26]. This dampens the immune response
and protects against damage caused by unwanted inflammation or autoimmunity. This
is achieved primarily by upregulation of ‘co-inhibitory” receptors (TIGIT, TIM-3...) that
act to “turn off” activated T cells. Ultimately, it is the balance between co-stimulatory and
co-inhibitory signals that dictates the fate of activated T cells [18]. In cancer, T-cells
primed to respond to tumor cells are exposed continuously to tumor antigens during ac-
tive malignancy, which may result in upregulation of multiple inhibitory receptors,
culminating decreased activity against tumor cells, phenomenon known as T-cell ex-
haustion [27]. These multifaceted interactions can be manipulated to drive effective
anticancer immunity. For example, several agonist antibodies targeting immune
co-stimulatory receptors (CD27, CD40, OX40...) have been evaluated clinically in cancer
for now more than years; but none have been approved to date, nor have begun any
phase III randomized trials [28]. On the other hand, T-cell exhaustion could be overcome
by modulating the inhibitory pathways with antagonist Abs [27].

2.1. Anti-CTLA-4 antibodies
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97 CTLA-4 protein is expressed on the surface of T cells and competes with CD28 for B7
98 binding in an inhibitory fashion, therefore acting as suppressor of T-cell activation [29].
99 Abs to CTLA-4 block the inhibition of CD28/B7-dependent T-cell activation and in turn
100 prolong anti-tumor activity (Figure 1).
101 In lung cancer, only one anti-CTLA-4 antibody is currently used: ipilimumab; a fully
102 human IgG1 kappa monoclonal (Table 1). The efficiency of ICIs targeting to CTLA-4 were
103 initially demonstrated for the treatment of metastatic melanoma [30] before being ex-
104 panded in metastatic lung cancer.
105
106 2.2. Anti-PD-1 and PD-L1 antibodies
107 One mechanism of immune suppression in NSCLC is the expression of inhibitory
108 molecules in the tumor microenvironment. PD-L1 (B7-H1) is expressed on tumor cells in
109 approximately half of NSCLC; its expression can contribute to poor prognosis by sup-
110 pressing T-cell function and promoting tumor cell immune escape [31]. Both PD-L1 and
111 PD-L2 (B7-DC) bind to PD-1 but PD-L1 expression is predominantly confined to the tu-
112 mor microenvironment on the contrary of PD-L2 which is mainly expressed on dendritic
113 cells and macrophages [32] (Figure 1).
114 PD-1 checkpoint blockade uses Abs directed against either the receptor (PD-1) or its
115 ligand (PD-L1). Early in the development of these therapies, two anti-PD-1 Abs were
116 investigated and are currently used in metastatic lung cancer. Nivolumab is a fully
117 human IgG4 monoclonal antibody targeting PD-1 (Table 1) and pembrolizumab is a
118 humanized IgG4 antibody targeting PD-1 (Table 1). Recently, another antibody has been
119 approved in the US: cemiplimab is a highly potent, fully human, IgG4, directed against
120 PD-1 [12].
121 There are currently 2 anti-PD-L1 antibodies that are used in locally advanced or
122 metastatic lung cancer: atezolizumab, a humanized IgG1 antibody targeting PD-L1 (Ta-
123 ble 1) and durvalumab, a fully human IgG1 kappa antibody targeting also PD-L1 (Table
124 1).
125
126 3. Anti-angiogenic antibodies
127 Angiogenesis is frequently upregulated in malignant solid tumors and is critical for
128 tumor growth, proliferation and metastases [33]. The vascular endothelial growth factors
129 (VEGEF-A, -B, -C and -D) and their transmembrane tyrosine kinase receptors (VEGFR-1, -2
130 and -3) are critical proangiogenic factors in malignant tissues [34] (Figure 1). In NSCLC,
131 increased VEGF expression is common and associated with adverse clinical outcomes.
132 Two Abs are used in lung cancer: bevacizumab, a recombinant humanized mono-
133 clonal IgG1 antibody that neutralizes VEGF’s biologic activity through a steric inhibition
134 of its binding to VEGF receptor. Ramucirumab is a recombinant human monoclonal IgG1
135 antibody with high affinity for the extracellular domain of VEGFR-2, inhibiting ligand
136 binding (VEGF-A, -C and -D) and activation of downstream proangiogenic pathways
137 [33] (Table 1).

138
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Figure 1. Characteristics of immune checkpoint inhibitors and anti-angiogenic antibodies used in NSCLC. Created with

BioRender.com

4. Pharmacokinetics (PK) and precaution for use of antibodies

4.1. PK and precaution for use of ICI

ICl is a versatile class of immunomodulatory agents and have demonstrated clinical
benefit in the treatment of several cancers, including metastatic NSCLC. In general,
monoclonal Abs, including immunomodulatory Abs, have proven to be well tolerated
[35]. The pharmacokinetic (PK) of the approved ICI is similar to that of endogenous
immunoglobulin G (IgG). The typical volume of distribution of monoclonal Abs is com-
parable to the plasma volume (2 to 4 L) [36]. Drug-receptor binding affinity and associa-
tion-dissociation kinetics have an important role in distribution [37]. Elimination occurs
by both specific (target-mediated) and nonspecific (Fc-mediated- routes, accounting for
the nonlinear and linear elimination PK [36]. Following target saturation, the linear —
nonspecific — route of elimination is predominant; so, the half-life of ICI varies from 3 to 4
weeks approximately [36,38].

Ipilimumab was the first ICI to be made commercially available for the treatment of
metastatic melanoma in 2011 in the US. It is administered intravenously, with a mean
half-life of 15.4 days [39] (Table 1). The following factors do not represent contraindica-
tions to the use because they had no clinically important effect on the clearance of
ipilimumab: age, sex, performance status (PS), renal impairment (glomerular filtration
rate 215 mL/min/1.73 m2), or mild hepatic impairment (total bilirubin >1 to 1.5 times the
upper limit of normal or aspartate transaminase levels > upper limit of normal) (data
available on Bristol Myers Squibb. YERVOY®(Ipilimumab)).

Nivolumab is given intravenously, with a mean half-life of 25 days [39] (Table 1). No
dose adjustment is recommended in patients with renal failure, and mild or moderate
hepatic impairment because no side effects are expected under these conditions (data
available on Bristol Myers Squibb. OPDIVO™ (Nivolumab)).
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168 Pembrolizumab is administered intravenously, with a mean half-life of 22 days [39]
169 (Table 1). No dose adjustment is recommended in patients with renal failure, and mild or
170 moderate hepatic impairment (data available on Merck Sharp & Dohme Corp.
171 KEYTRUDA®(Pembrolizumab)).

172 Cemiplimab is given intravenously, with a half-life of 20.3 days (Table 1). Mild or
173 moderate renal failure (estimated glomerular filtration rate (eGFR) = 30 mL/min/1.73 m2)
174 and mild to moderate liver failure (bilirubin < 3x upper limit of normal and any aspartate
175 transaminase levels) had no clinically significant effect on the systemic exposure of
176 cemiplimab (data available on accessdata.fda.gov with reference ID: 4750303)

177 Atezolizumab is given intravenously, with a half-life of 27 days [39] (Table 1). Mild
178 or moderate renal failure (estimated glomerular filtration rate (eGFR) = 30 mL/min/1.73
179 m2) and mild to moderate liver failure (bilirubin < 3x upper limit of normal and any as-
180 partate transaminase levels) had no clinically significant effect on the systemic exposure
181 of atezolizumab (data available on Genentech Inc. TECENTRIQ®(Atezolizumab)).

182 Durvalumab is administered intravenously, with a half-life of 18 days [39] (Table 1).
183 Mild (creatinine clearance 60 to 89 mL/min) or moderate renal impairment (creatinine
184 clearance 30 to 59 mL/min), and mild hepatic impairment (bilirubin < upper limit of
185 normal and aspartate transaminase levels > upper limit of normal or bilirubin > 1 to 1.5 x
186 upper limit of normal and any aspartate transaminase levels) had no clinically significant
187 effect on the pharmacokinetics of durvalumab (data available on AstraZeneca Pharma-
188 ceuticals L.P. IMFINZI®(Durvalumab)).

189 ICIs commonly display modest interpatient variability in PK. Some covariates could
190 explain part of the observed variability. They varied between the approved ICIs, but
191 sex, Eastern Cooperative Oncology Group (ECOG) PS, body weight, tumor type, tumor
192 burden, baseline lactate dehydrogenase (LDH), estimated glomerular filtration rate, al-
193 bumin, can be considered in the differences [40—42].

194

195

196

197 4.2. PK and precaution for use of anti-angiogenic Abs

198 Bevacizumab is given intravenously, with a half-life of 19.9 days (Table 1). No dose
199 adjustment is recommended in patients with renal failure, and mild or moderate hepatic
200 impairment [43].

201 Ramucirumab is administered intravenously, with a half-life of 14 days and with no
202 dose adjustment in case of renal failure or mild/moderate hepatic impairment [44] (Table
203 1).

204 The use of anti-angiogenic molecules is indicated in selected patients only, because
205 of its toxicity. Generally, in subjects with NSCLC, they are safe and well tolerated but
206 some clinical or biological adverse events can interfere with the use of these molecules.
207 The most common adverse events are hypertension, proteinuria, and epistaxis. Infre-
208 quent serious adverse events include neutropenia complications, thromboembolic
209 events, and pulmonary hemorrhage. In order to reduce the incidence of severe hemor-
210 rhage, the first randomized clinical trials of bevacizumab in NSCLC excluded: 1) subjects
211 with squamous histology; 2) subjects with significant hemoptysis (= 1 teaspoon); 3) sub-
212 jects with tumors invading or abutting major blood vessels or with central tumor locali-
213 zation or with tumor cavitation, based on a radiological assessment; 4) subjects with
214 hemorrhagic disorders or in treatment with anticoagulant therapy; 5) subjects with brain
215 metastases; 6) subjects with ECOG>1; and 7) elderly patients (age =75 years) [46]. But af-
216 ter several years and real-life observations, safety and efficacy of bevacizumab is not af-
217 fected by patient age, PS, anticoagulation therapy, and brain metastases. The only abso-
218 lute contraindications to its use are squamous histology and a history of clinically sig-
219 nificant hemoptysis [47].

220

221
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Antibody Target  Administration Indication in US Indication in European Ig Half-life Dose in the Dose in Interval between 2
Union class (days) us European injections
Union
Ipilimumab CTLA-4 Intravenous Front line with nivolumab alone Front line with nivolumab +2  IgGl 15.4 1mg/kg (with 1 mg/kg (with 6 weeks (with
(PD-L1 21%) or + 2 cycles cycles platinum-based nivolumab) nivolumab) nivolumab +/-
platinum-based chemotherapy chemotherapy chemotherapy)
Nivolumab PD-1 Intravenous Front line with ipilimumab alone Front line with ipilimumab +  IgG4 25 3 mg/kg (with 3 mg/kg (with 2 weeks
(PD-L1 21%) or + 2 cycles 2 cycles platinum-based ipilimumab) ipilimumab)
platinum-based chemotherapy chemotherapy
Second line Second line 360 mg (with 360 mg (with 3 weeks (with
chemotherapy  chemotherapy chemotherapy +
+ipilimumab)  +ipilimumab) ipilimumab)
240 or 480 mg 240 mg 2 weeks (240 mg) 4
(monotherapy)  (monotherapy) weeks (480 mg)
Pembrolizumab PD-1 Intravenous Front line alone (PD-L1 250% or Front line alone (PD-L1 IgG4 22 200 or 400 mg 200 mg 3 weeks (200 mg)
PD-L1 21%) or with platinum and 250%) or with platinum and (monotherapy  (monotherapy 6 weeks (400 mg)
pemetrexed (non-squamous pemetrexed (non-squamous or with or with
NSCLC); with carboplatin and NSCLC); with carboplatin chemotherapy) chemotherapy)
paclitaxel or nab-paclitaxel and paclitaxel or 400 mg (in
(squamous NSCLC) nab-paclitaxel (squamous maintenance
Second line (PD-L1 21%) NSCLC) and if well
Second line (PD-L1 >1%) tolerated)
Cemiplimab PD-1 Intravenous Front line alone (PD-L1 >50%) IgG4 20 350 mg 3 weeks
Atezolizumab PD-L1 Intravenous Front line alone (PD-L1 250%) or Front line with carboplatin, IgG1 27 840 mg or 1200 mg 2 weeks (840 mg)

Pharmaceutics 2021, 13, x. https://doi.org/10.3390/xxxxx
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with carboplatin, paclitaxel and paclitaxel and bevacizumab 1200mg (with 3 weeks (with
bevacizumab (non-squamous (non-squamous NSCLC); chemotherapy) chemotherapy or
NSCLC); or with carboplatin and Second line or 1680 mg 1200 mg)
nab-paclitaxel (non-squamous 4 weeks (1680 mg)
NSCLC)
Second line
Durvalumab PD-L1 Intravenous Consolidation following Consolidation following IgG1 18 10 mg/kg or 10 mg/kg 2 weeks (10 mg/kg)

concurrent chemoradiation for concurrent chemoradiation 1500 mg or 4 weeks (1500 mg)

unresectable stage III NSCLC for unresectable stage III

NSCLC
Bevacizumab VEGF Intravenous Front line with carboplatin and Front line with carboplatin IgG1 19.9 15 mg/kg 7,5 or 15 3 weeks
paclitaxel (non-squamous NSCLC)  and paclitaxel (non-squamous mg/kg (with
or with atezolizumab, carboplatin NSCLC) or with cisplatin
and paclitaxel (non-squamous atezolizumab, carboplatin chemotherapy)
NSCLC) and paclitaxel (non-squamous 15 mg/kg
NSCLC) or with erlotinib (if (with
EGFR mutation) carboplatin
chemotherapy)
Ramucirumab ~ VEGFR Intravenous Front line with erlotinib (if EGFR Second line with docetaxel IgG1 14 10mg/kg 10mg/kg 2 weeks (with
mutation) erlotinib);

Second line with docetaxel

3 weeks (with

docetaxel)

Table 1. Characteristics of marketed antibodies in NSCLC. According to [39]
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229 5. Treatment paradigm for NSCLC in 2021

230 The treatment for locally advanced or metastatic NSCLC has changed dramatically
231 in the last 15 years. Since 2007, anti-angiogenic Abs have been used in ad-
232 vanced/metastatic recurrent non-squamous NSCLC [48]. In March 2015, the EMA and
233 FDA approved the first anti-PD-1 antibody as second line option for treatment of patients
234 with advanced squamous NSCLC [4]. Additionally, a series of inhibitors related to
235 CTLA-4 and PD-1/PD-L1 immune checkpoints have led to the use of immunotherapy for
236 most NSCLC patients, and significantly revised the chemotherapy treatment model. The
237 use of therapeutic Abs (anti-angiogenic or ICI) has become the cornerstone of first line
238 treatment, either as a single modality or with chemotherapy. These advances in lung
239 cancer management, along with targeted agents like tyrosine kinase inhibitors for lung
240 cancer with oncogenic drivers or lifestyle alterations such as decreasing smoking among
241 men, resulted in a decrease in population-level mortality from NSCLC in the US [49]
242 similar to European Union. We will review the phase II/III clinical trials that led to the
243 marketing authorizations of anti-angiogenic and ICI Abs currently used in NSCLC is the
244 US and in European Union and in the US only (Table 2). We will present the indications
245 according to the expression levels of PD-L1, using the same strata as in the clinical trials (>
246 50%, 1-49% and <1%).

247

248 5.1 Front line treatment in the US and in European Union

249

250 5.1.1. PD-L1 > 50%

251 Patients with metastatic NSCLC and with PD-L1 > 50% have multiple immuno-
252 therapy treatment options. In both the US and European Union, monotherapy with
253 pembrolizumab is an approach that may be used, and ICI and chemotherapy could also
254 be given as front-line therapy to these patients.

255 Pembrolizumab was first used as monotherapy for second-line treatment and be-
256 yond (see section below). In the front-line setting, a randomized phase III trial, KEY-
257 NOTE-024, recruited 305 previously-untreated patients with NSCLC having PD-L1 ex-
258 pression in more than 50% tumor cells and no EGFR/ALK mutations to either receive
259 pembrolizumab or platinum-based chemotherapy [9]. Patients treated with
260 pembrolizumab showed better progression-free survival (PFS), overall survival (OS), and
261 overall response rate (ORR) than those treated with chemotherapy [9,50]. Based on these
262 results, the FDA and EMA approved pembrolizumab as a single-agent first-line immu-
263 notherapy in patients with advanced NSCLC harboring high PDL1 expression (PD-L1 >
264 50%). The 3-year survival results of KEYNOTE-024 indicated that the pembrolizumab
265 monotherapy significantly prolonged the median OS length (26.3 versus 14.2 months)
266 and the 3-year OS rate (43.7 versus 24.9%) than is those treated with chemotherapy [50].
267 Moreover, the KEYNOTE-042 phase III trial, with the same patient groups, divided each
268 treatment arm into three subgroups based on the level of PD-L1 expression (PD-L1 > 50%,
269 >20%, > 1%) [51]. All groups showed significantly better OS with pembrolizumab rather
270 than chemotherapy but the OS of patients who received pembrolizumab in the high
271 PD-L1 expression arm (>50%) showed maximum benefit. These results supported
272 pembrolizumab administration as a single-drug in patients with advanced NSCLC har-
273 boring PD-L1>50%.

274 The addition of PD-1/PD-L1 inhibition to standard chemotherapy in treatment-naive
275 NSCLC patients was investigated, regardless of PD-L1 expression. KEYNOTE-189 was a
276 phase III trial that assessed first-line platinum-based chemotherapy with or without
277 pembrolizumab in EGFR/ALK-wild type, non-squamous NSCLC patients [52]. The me-
278 dian OS was not reached at the time of analysis for the pembrolizumab-chemotherapy
279 arm versus 11.3 months for placebo-chemotherapy arm, and the OS advantage was
280 achieved in all PD-L1 subgroups. On the basis of these results, pembrolizumab in com-
281 bination with pemetrexed and carboplatin as front-line treatment in metastatic

Pharmaceutics 2021, 13, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/pharmaceutics
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282 non-squamous NSCLC became a new standard, regardless of PD-L1 expression. Similar
283 treatment was then evaluated in squamous NSCLC: the KEYNOTE-407 trial randomized
284 patients to receive 4 cycles of carboplatin and paclitaxel or nab-paclitaxel with or without
285 pembrolizumab [53]. In the same way, patients in the pembrolizumab-containing group
286 showed a significantly improved OS compared with those in the chemotherapy group
287 (15.9 versus 11.3 months). The combination with pembrolizumab and platinum-based
288 chemotherapy is therefore used in the front line setting regardless of the level of PD-L1
289 expression or the tumor histology.

290 Another possible treatment option in the US and in European Union for patients
291 with a PD-L1 greater than 50% is a combination of chemotherapy, atezolizumab and
292 bevacizumab for non-squamous NSCLC. The Impower150 trial randomized patients to 3
293 groups: atezolizumab-bevacizumab-carboplatin-paclitaxel (ABCP),
294 atezolizumab-carboplatin-paclitaxel (ACP) and bevacizumab-carboplatin-paclitaxel
295 (BCP). Both the median PFS and OS were improved in the atezolizumab-containing arm
296 (PES: 8.3 versus 6.8 months; OS: 19.2 versus 14.7 months) compared with the patients
297 treated with BCP [54]. Therefore, this combination is authorized in the front line setting
298 in the US and in European Union for advanced NSCLC regardless of PD-L1 expression,
299 in the absence of contraindication to bevacizumab. Bevacizumab is the only an-
300 ti-angiogenic agent approved for the first-line treatment of NSCLC in selected patients
301 [55].

302 Recently, another combination of two ICIs and chemotherapy has been approved.
303 The CheckMate-9LA study randomized patients to receive nivolumab plus ipilimumab
304 combined with histology-based, platinum doublet chemotherapy (for two cycles), or
305 chemotherapy alone (for four cycles) [56]. The OS, as well as secondary endpoints of PFS
306 and ORR, were superior for the combination nivolumab plus ipilimumab, given concom-
307 itantly with two cycles of chemotherapy, versus chemotherapy alone. This im-
308 mune-chemotherapy combination is approved regardless the PD-L1 expression and the
309 tumor histology (Table 2).

310

311 5.1.2. PD-L1 1-49 %

312 For patients with PD-L1 between 1-49%, treatment options shared by the US and the
313 European Union are pembrolizumab and chemotherapy association regardless the his-
314 tology type [52,53], atezolizumab-chemotherapy-bevacizumab only for non-squamous
315 NSCLC [54] and combination of nivolumab, ipilimumab and two cycles of chemotherapy
316 for all PD-L1 expressions [56] (Table 2).

317

318 5.1.3. PD-L1< 1%

319 For patients with PD-L1 < 1%, treatment options shared by the US and the European
320 Union are pembrolizumab and chemotherapy association regardless the histology type
321 [52,53], or atezolizumab-chemotherapy-bevacizumab only for non-squamous NSCLC [54]
322 (Table 2). In European Union only, the combination of nivolumab, ipilimumab with two
323 cycles of chemotherapy for all PD-L1 expressions can be used [56].

324

325 5.2 Front line treatment in the US only

326

327 Most treatment options in the US and in European Union are similar but there are
328 some indications currently specific for the US.

329

330 5.2.1. PD-L1 > 50%

331 The FDA has granted approval to atezolizumab monotherapy as treatment for pa-
332 tients with metastatic NSCLC whose tumors have PD-L1 expression greater than 50%,
333 without EGFR/ALK mutations. In fact, the Impower110 study compared atezolizumab

334 with chemotherapy among patients with high PD-L1 expression [57]. The median OS was
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335 20.1 months with atezolizumab versus 13.1 months with chemotherapy, at a median fol-
336 low-up of 15.7 months.

337 Recently, another ICI monotherapy has been approved in the US. The EMPOW-
338 ER-Lung 1 phase III open-label study randomized patients to receive cemiplimab of
339 platinum-based chemotherapy. Primary endpoints were assessed in the intention-to-treat
340 population and in a prespecified PD-L1 of at least 50% population [12]. Cemiplimab re-
341 duced the risk of death by 43% compared to chemotherapy. This was achieved with
342 crossover rate to cemiplimab greater than 70% following disease progression on chemo-
343 therapy, as well as the largest population of patients with pre-treated and clinically stable
344 brain metastases among advanced NSCLC pivotal trials to date. Therefore, in the US, for
345 these patients with PD-L1 expression > 50%, the choice between pembrolizumab,
346 cemiplimab and atezolizumab can be made as ICI monotherapy for front line treatment.
347 An ICI combination without chemotherapy is also possible in the US: ipilimumab
348 and nivolumab (see section below) (Table 2).

349

350 5.2.2. PD-L1 1-49 %

351 For patients with PD-L1 expression 1-49%, 2 additional options are available in the
352 USA compared to European Union. In 2019, FDA expanded pembrolizumab indication
353 for first-line treatment of NSCLC with PD-L1 expression greater than 1%. This approval
354 was based on the KEYNOTE-042 trial [51]: in the PD-L1 > 1% population (overall popu-
355 lation), the median OS was 16.7 and 12.1 months for the pembrolizumab and chemo-
356 therapy arms, respectively. In the > 50% subgroup, the estimated median OS was 20
357 months and 12.2 months for those receiving pembrolizumab and chemotherapy, respec-
358 tively. There were no significant differences in progression-free survival or overall re-
359 sponse rate between arms in any population.

360 The second additional option compared to European Union is the ICI combination
361 nivolumab and ipilimumab, based on the CheckMate227 study [6,58]. This trial recruited
362 treatment-naive patients with advanced NSCLC. They were randomized to nivolumab
363 plus ipilimumab, nivolumab with or without chemotherapy, and histology-based chem-
364 otherapy arms [6,58]. According to PD-L1 expression, patients were enrolled into PD-L1 >
365 1% and <1% cohorts, and further randomized 1:1:1 to nivolumab plus ipilimumab, plati-
366 num-based chemotherapy, or nivolumab monotherapy (PD-L1 > 1% group) or nivolumab
367 plus platinum-based chemotherapy (PD-L1 < 1% group). The study protocol was later
368 modified to include a co-primary endpoint of PFS in patients with high tumor-mutational
369 burden (TMB), as defined by >10 mutations per megabase. Among patients with high
370 TMB, nivolumab plus ipilimumab arm showed a significantly prolonged PFS than chem-
371 otherapy arm (7.2 versus 5.5 months) but median OS was not significantly different
372 among high TMB. The final analysis for Checkmate-227 was based on the PD-L1 > 1%
373 cohort and demonstrated a significantly higher median OS in patients who received
374 ipilimumab plus nivolumab arm than in patients treated with chemotherapy alone (me-
375 dian OS: 17.1 months vs 14.9 months) [58]. Median PFS was also improved with
376 nivolumab plus ipilimumab over chemotherapy for all patients regardless of PD-L1 ex-
377 pression, but was numerically higher for patients in the PD-L1 expression < 1% cohort.
378 The final analysis did not demonstrate improved OS based on TMB. In CheckMate568,
379 the association of efficacy with PD-L1 expression and TMB was assessed in patients who
380 received first-line nivolumab plus ipilimumab [59]. Higher response rates and improved
381 PFS were observed in patients with TMB of 10 or more mutations per megabase versus
382 TMB of fewer than 10 mutations per megabase, irrespective of PD-L1 expression. Cur-
383 rently, nivolumab and ipilimumab combination therapy is approved in the US based on
384 PD-L1 expression alone, for patients with PD-L1 expression > 1% (Table 2).

385

386 5.2.3. PD-L1< 1%

387 There is no difference in therapeutic strategy for patients with PD-L1 expression less

388 than 1% (Table 2).
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Sub-group Treatment in the US Comments Treatment in European Union Comments
Pembrolizumab single agent
Atezolizumab single agent Pembrolizumab single agent
Cemiplimab single agent -
PD-L1> Pembrolizumab? + chemotherapy! Pembrolizumab? + chemotherapy!
50% Atezolizumabs + chemotherapy* Non-squamous Atezolizumabs + chemotherapy* Non-squamous
+/- bevacizumab$é NSCLC only + bevacizumabé NSCLC only
Nivolumab + ipilimumab
Nivolumab + ipilimumab + Nivolumab + ipilimumab +
chemotherapy” chemotherapy”
Pembrolizumab single agent -
Pembrolizumab? + chemotherapy! Pembrolizumab? + Chemotherapy!
Atezolizumab* + chemotherapy? Non-squamous Atezolizumab* + chemotherapy? Non-squamous
+/- bevacizumab3 NSCLC only + bevacizumab® NSCLC only
Nivolumab + ipilimumab -
Nivolumab + ipilimumab + Nivolumab + ipilimumab +
PD-L1 chemotherapy” chemotherapy”
1-49%
Pembrolizumab? + chemotherapy! Pembrolizumab? + Chemotherapy!
Atezolizumab* + chemotherapy? Atezolizumab* + chemotherapy? Non-squamous
+/- bevacizumab?® + bevacizumab* NSCLC only
PD-L1 Nivolumab + ipilimumab + Nivolumab + ipilimumab + Awaiting a
<1% chemotherapy” chemotherapy® recommendation
at the end of
January 2021

Table 2. Algorithm for front line immune checkpoint inhibitors treatement of patients with NSCLC based on PD-L1 expression

IChemotherapy is cisplatin or carboplatin + pemetrexed for non-squamous NSCLC. Chemotherapy is carboplatin + paclitaxel for squamous

NSCLC

2Continuation maintenance until progression, unacceptable toxicity, with pemetrexed in non-squamous NSCLC

3 Chemotherapy is carboplatin + paclitaxel

* Continuation maintenance until progression, unacceptable toxicity

*Double continuation maintenance with bevacizumab-atezolizumab until progression or unacceptable toxicity

6Chemotherapy is cisplatin or carboplatin + pemetrexed for non-squamous NSCLC. Chemotherapy is carboplatin + paclitaxel for squamous

NSCLC. 2 cycles of chemotherapy.

5.2.4. Patients who are not eligible to receive ICI
If first-line ICI cannot be used due to contraindications or active autoimmune dis-

ease, standard platinum-based doublet therapy is often given.

The addition of
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408 bevacizumab to chemotherapy can also be discussed in eligible patients. Bevacizumab
409 was evaluated in 2006 in a phase III clinical with stage IIIB-IV non-squamous NSCLC
410 patients [19]. Patients were treated with carboplatin-paclitaxel every three weeks for six
411 cycles with or without bevacizumab at 15 mg/kg. Bevacizumab was then administered as
412 maintenance therapy until evidence of disease progression or unacceptable toxicity oc-
413 curred. OS was significantly higher in bevacizumab group (12.3 versus 10.3 months) and
414 PFS was increased too. The same results were observed in the AVAIL trial with chemo-
415 therapy by cisplatin and gemcitabine, with or without bevacizumab, for the two doses
416 tested (7.5 or 15 mg/kg) [20]. After that, the phase IIl POINTBREAK trial randomized
417 patients in two arms: pemetrexed-carboplatin-bevacizumab followed by pemetrexed
418 plus bevacizumab in maintenance or paclitaxel-carboplatin-bevacizumab followed by
419 maintenance therapy with bevacizumab alone [60]. The primary end-point of OS did not
420 reach statistical significance, although in the group treat with pemetrexed and
421 bevacizumab in maintenance therapy, an increased PFS was reported. Another important
422 phase III trial was AVAPERL study: patients were randomized, after four cycles of
423 chemotherapy with cisplatin-pemetrexed-bevacizumab, to receive maintenance therapy
424 with bevacizumab alone or with pemetrexed and bevacizumab [61]. The PFS was im-
425 proved in the double maintenance group (10.2 versus 6.6 months) and the result for OS
426 was the same, but it was not statistically significant.

427

428 5.2.5. VEGF/VEGEFR antibody therapy in patients with EGFR mutations

429 TKI are standard treatment options for NSCLC with EGFR mutations. Some pre-
430 clinical studies had shown that the EGFR signaling pathway can upregulate VEGF ex-
431 pression [62] and that VEGF/VEGEFR can play a role in EGFR-TKI resistance [63]. This led
432 to the investigation of combination treatments with EGFR-TKIs and anti-angiogenic Ab.
433 In European Union, bevacizumab in combination with erlotinib, has been indicated
434 for first-line treatment of adult patients with unresectable advanced, metastatic or re-
435 current NSCLC with EGFR mutations since 2016. It is recommended that the treatment
436 with bevacizumab in addition to erlotinib is continued until disease progression. The
437 pivotal JO25567 study was a randomized phase II study conducted to assess the safety
438 and efficacy of first-line bevacizumab in combination with erlotinib compared to
439 erlotinib alone [64] in Japanese patients with advanced NSCLC with EGFR mutations.
440 Seventy-seven patients were randomly assigned to receive erlotinib and bevacizumab
441 and 77 to erlotinib alone. Median PFS was 16.0 months with erlotinib plus bevacizumab
442 and 9.7 months with erlotinib alone. OS was not improved in patients receiving the
443 combination. The safety analysis population comprised 75 patients in erlotinib plus
444 bevacizumab group and 77 in erlotinib group, who received at least one dose of study
445 drug. There was no difference in incidence of serious adverse events between the 2
446 groups. Nevertheless, more grade > 3 adverse events were reported with erlotinib plus
447 bevacizumab (90.7%) than with erlotinib (53.2%). It was primarily due to grade 3 hyper-
448 tension, but it was controllable with antihypertensive medications in most cases. Pro-
449 teinuria and bleeding were also more frequently reported with the association treatment
450 but were manageable and did not lead to early discontinuations [65].

451 More recently, in 2020, the FDA approved ramucirumab in combination with
452 erlotinib for first-line treatment of metastatic NSCLC with EGFR mutations. Efficacy was
453 evaluated in the RELAY trial, a multinational, randomized, double-blind, place-
454 bo-controlled, world-wild, multicenter study in patients with previously untreated met-
455 astatic NSCLC whose tumors have EGFR exon 19 deletion or exon 21 (L858R) substitu-
456 tion mutations [23]. A total of 449 patients were randomized (1:1) to receive either
457 ramucirumab 10 mg/kg or placebo every 2weeks, in combination with erlotinib once
458 daily, until disease progression or unacceptable toxicity. Median PFS was 19.4 months in
459 the ramucirumab plus erlotinib arm compared with 12.4 months in the placebo plus

460 erlotinib arm. ORR was 76% in the ramucirumab plus erlotinib arm and 75% in the pla-
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461 cebo plus erlotinib arm, with median duration of response of 18.0 months and 11.1
462 months, respectively. The follow up was not sufficient to determine whether the combi-
463 nation led to an OS benefit. The most common adverse reactions observed in patients
464 treated with ramucirumab with erlotinib at a rate of >220% and >2% higher than placebo
465 with erlotinib were infections, hypertension, stomatitis, proteinuria, alopecia, epistaxis,
466 and peripheral edema.

467

468 5.3 Second-line treatment and beyond in European Union and the US

469

470 Second line treatment for metastatic lung cancer is determined by the type of agents
471 received in the first line setting. There are some challenges in second line-treatment: pa-
472 tients are pre-treated, often with reduced PS, thus tolerability becomes more important;
473 responses rates are lower; thus, tumor control becomes important; and patients can be
474 more symptomatic, thus symptom control and symptom improvement become im-
475 portant.

476 Most patients who can receive ICI therapy are treated with first-line immunotherapy
477 with or without chemotherapy, and ICI re-challenge is not a standard second line treat-
478 ment. Ramucirumab is an anti-angiogenic Ab that can be used in the 2nd line setting
479 NSCLC. The REVEL study was a phase III, placebo-controlled trial which included pa-
480 tients with metastatic NSCLC who had progressed during or after platinum-based
481 chemotherapy, with or without bevacizumab [22]. Patients were randomly allocated to
482 receive docetaxel and either ramucirumab or placebo. Median OS was 9.1 months versus
483 10.5 months in the placebo and ramucirumab group respectively. The addition of
484 ramucirumab to docetaxel can be considered in younger patients with good PS as a se-
485 cond line treatment.

486 Using a therapeutic strategy containing bevacizumab or ramucirumab is feasible in
487 selected patients because of the efficacy and safety related to the administration of these
488 Abs [66]. Ramucirumab was safe across all NSCLC histologies in the second line setting.
489 The anti-angiogenic Ab, bevacizumab, is only used in non-squamous NSCLC because of
490 more frequent and severe pulmonary hemorrhage in patients with squamous NSCLC, as
491 shown in a phase II trial in 2004 [67]. In fact, squamous cell tumors are more likely cen-
492 trally located and cavitated compared to adenocarcinoma; but it is not clear whether the
493 histology, as is, is an independent risk factor or a marker of increased risk. Another
494 problem was the presence of brain metastasis, at risk of bleeding: a factor long considered
495 as an exclusion criterion for treatment with bevacizumab. A retrospective analysis of 17
496 studies on the use of bevacizumab in patients with untreated metastases for lung, breast,
497 kidney or colorectal cancer showed that the use of bevacizumab did not increase risk of
498 bleeding [68]. The BRAIN phase II trial enrolled patients with untreated brain metastases
499 and the rate of central nervous system hemorrhage was comparable to that of previous
500 bevacizumab study, in which the presence of untreated brain metastases was an exclu-
501 sion criteria [69]. Without detailing all the studies supporting these results, we can say
502 that many of the factors previously considered as exclusion criteria, such as anticoagulant
503 treatment, central tumor location, the presence of cavitation or brain metastases, and an
504 advanced age, are not currently valid [45,46,70,71]. In fact, the only exclusion criteria that
505 are absolute contraindications to the use of bevacizumab are squamous histology and the
506 presence of hemoptysis [46].

507 If chemotherapy alone has been prescribed in the first line, monotherapy with ICI
508 may be considered. As a second-line therapy for stage IIIB or IV squamous NSCLC with
509 disease recurrence after one prior platinum-containing regimen, in a phase III study,
510 CheckMate 017, nivolumab was compared to docetaxel [4]. Nivolumab was shown to be
511 more efficacious than chemotherapy: OS was improved in the ICI group (9,2 versus 6
512 months), as well as PFS (3,5 versus 2,8 months). Subsequently, the CheckMate 057 phase
513 III study randomized patients with a metastatic non-squamous NSCLC in two groups:

514 nivolumab versus docetaxel [7]. Nivolumab demonstrated superior OS (12,2 versus 9,4
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515 months) despite a lower median PFS (2,3 versus 4,2 months). Following these results,
516 nivolumab was approved by the FDA and EMA as second-line therapy for metastatic
517 NSCLC with progression on or after standard chemotherapy. PD-L1 testing was not re-
518 quired for nivolumab administration. This molecule was therefore the first ICI used in
519 thoracic oncology.

520 Unlike nivolumab, which received non-restricced FDA or EMA approval,
521 pembrolizumab received accelerated approval with companion diagnostic PD-L1 assay
522 of 1% or more for advanced NSCLC that progressed during or after front line chemo-
523 therapy. The KEYNOTE-010 study recruited patients with NSCLC in second line setting
524 and evaluated two dosing regimens for pembrolizumab (2 and 10 mg/kg) compared to
525 docetaxel [8]. Pembrolizumab demonstrated an improved OS benefit at both tested doses
526 in the total population compared with chemotherapy: OS was 10,4 and 12,7 months for
527 the 2 and 10 mg/kg pembrolizumab doses respectively, compared with 8,5 months for the
528 docetaxel group. Differences in PFS were not statistically significant between either of the
529 pembrolizumab doses and docetaxel. Thus, on 2016, EMA and FDA approved
530 pembrolizumab for treatment of patients with metastatic NSCLC whose tumors express
531 PD-L1 greater than >1%) with disease progression on or after platinum-containing
532 chemotherapy. Previous analyses indicated that the observed pembrolizumab exposures
533 in patients with squamous cell carcinoma of the head and neck treated with
534 pembrolizumab 200 mg every three weeks were similar to the pembrolizumab exposure
535 data observed in patients with other solid tumors (mainly melanoma and NSCLC) re-
536 ceiving pembrolizumab 2 mg/kg every three weeks, supporting a fixed 200 mg every
537 three dose for the head and neck cancer indication [72]. Based on these data, FDA and
538 EMA recommended a fixed dose of pembrolizumab (200 mg) for the treatment of pa-
539 tients with metastatic NSCLC, irrespective of prior line of therapy.

540 The third monotherapy ICI available is atezolizumab, approved in 2016 by the FDA
541 and EMA for the treatment of patients with NSCLC whose cancer had progressed during
542 or after standard chemotherapy. This approval was based on two trials, phase Il POPLAR
543 [15] and phase III OAK study [14]. The randomized OAK trial compared atezolizumab to
544 docetaxel and found a median OS of 13,8 months versus 9,6 months in the chemotherapy
545 group.

546

547 5.4 locally advanced inoperable NSCLC (I1IA/B/C stages)

548

549 In patients with stage III NSCLC that is not resectable, ICI has been considered.
550 According to the PACIFIC study [13], durvalumab is given for 12 months if no progres-
551 sion after concomitant radio-chemotherapy is seen, but only if PD-L1 > 1% in some coun-
552 tries. In the US and France, durvalumab is allowed in patients with a PD-L1 <1%.

553

554 5.5 Treatment decision algorithm in European Union and in the US

555

556 For the use of ICI, contraindications to those molecules should always be kept in
557 mind (uncontrolled autoimmune pathologies, uncontrolled HIV-HBV-HCV infections,
558 for example) but this is to be discussed on a case-by-case basis, during multidisciplinary
559 meeting [73].

560 In the front-line setting, the first selection is then made based on the expression of
561 PD-L1 (Figure 2 and 3). In chemotherapy-immunotherapy trials, patients had a PS 0 or 1
562 and a median age of 65 years [52,53]. Therefore, the pembrolizumab + chemotherapy
563 regimen is mostly reserved for patients who are not too old and in good general condi-
564 tion. However, we observe the same data in the 1st line immunotherapy alone studies (PS
565 0-1 and median age 65 [51]); in practice, immunotherapy as monotherapy seems to have
566 better tolerance and is therefore to be favored in older patients and in less good general
567 condition. In any case, there is no restriction of approvals and marketing authorizations

568 in European Union and in the US based on age or PS. Finally, in case of non-squamous
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569 NSCLC, the use of the quadruple combination ABCP must include verification that con-
570 traindications to antiangiogenic agents do not exist [47]. Regarding nivolu-
571 mab-ipilimumab-chemotherapy combination, the study group included 70%
572 non-squamous NSCLC, 40% PD-L1 negative and 20% hepatic metastases [56]; factors
573 should be considered to reserve this combination for certain types of patients (Figure 2
574 and 3).

575 In the second line, the treatment is directly dictated in part by the treatment received
576 in the front line. If chemotherapy as monotherapy has been used, regardless of PD-L1
577 expression, atezolizumab or nivolumab as monotherapy may be considered, in the ab-
578 sence of contraindications to ICI (Figure 2 and 3). Again, the trials included 0-1 PS pa-
579 tients with a median age of 65 years. The OAK study using atezolizumab [14] included
580 nearly 50% of patients over 65 years of age and 10% of them had stable brain metastases.
581 The Checkmate studies with nivolumab [4,7] included 41% of patients over 65 in the
582 nivolumab arm but 93% had no brain metastases. The center-specific experience can then
583 also be taken into account to choose between these 2 ICI. The expression of PD-L1 is not
584 restrictive for the prescription of these 2 molecules, unlike pembrolizumab, where the
585 tumor must express more than 1% of PD-L1 (Figure 2 and 3). The Keynote studies [8] in-
586 cluded 15% of patients with stable brain metastases. The clinician is therefore free to
587 choose ICI as monotherapy in 2nd line if the patient did not receive in the front line set-
588 ting and does not have contraindications.

589 If an ICI has been used as a first-line monotherapy, it is possible to treat the patient
590 with a chemotherapy and anti-angiogenic combination. This in the absence of contrain-
591 dications to bevacizumab [47] and for non-squamous NSCLC only [66]: the regimen is
592 then platinum-based chemotherapy, pemetrexed or paclitaxel, and bevacizumab. If
593 platinum-based chemotherapy has been used in first line with an ICI, the second line
594 chemotherapy association could be paclitaxel-bevacizumab. Finally, a last possible che-
595 motherapy anti-angiogenic Ab combination is docetaxel with ramucirumab [22] for
596 non-squamous NSCLC only (Figure 2 and 3). There are therefore more options for
597 non-squamous than for NSCLC squamous in second line of treatment.
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Clinical history, patient characteristics, and tumor data reviewed by multidisciplinary team
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Figure 3. Potential treatment paradigm in European Union for NSCLC without actionable mutations in front line. Adapted from [74,75].
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6. Conclusion

The field of antibodies and immunotherapy in NSCLC has demonstrated rapid de-
velopment since the first US FDA and EMA approvals in 2007 and 2015 of an-
ti-angiogenic and ICI Abs respectively. Though initially available in the 2nd line setting,
ICI expanded into the first line setting and increased the therapeutic options and com-
binations used for metastatic NSCLC patients without driver mutations. The treatment of
these patients on both sides of the Atlantic is generally similar, with some broader indi-
cations in the US, probably related to the differences in the health insurance system and
reimbursement constraints. Now that most patients can benefit from treatment in the first
or second line setting with ICI, the key for the years to come is the determination of pre-
dictive biomarkers of response to identify the best individual strategy for each patient.
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