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The introduction of licensed front-line immunotherapies has heralded a new era for the treatment of non-oncogene-addicted, advanced non-small cell lung cancer (NSCLC). Yet as with all evolutions in clinical management, changes in practice can outpace the availability of the clinical evidence needed to inform subsequent
therapeutic decision making. At the time of writing, there is limited available evidence on the optimum therapeutic options after progression on immunotherapy. Further research is needed to deﬁne mechanisms of immunotherapy resistance in patients with advanced NSCLC, and to understand the implications for subsequent
treatment response. Pending the availability of robust clinical data and proven therapeutic options to underpin
an optimized therapeutic pathway after progression on immunotherapy, attention must turn to the potential
utility of currently licensed agents and any available supporting clinical data in this setting. Within this context
we review the mechanistic arguments and supporting evidence for the use of anti-angiogenic agents as a means
of targeting immunosuppression within the tumor microenvironment. We consider whether VEGF inhibition
may help to normalize the tumor vasculature and to address immunosuppression – reinstating, and potentially
enhancing, the eﬀect of subsequent therapies. We also highlight evidence needs and signpost ongoing trials that
should enable current clinical opinion in this area to be replaced by robust, evidence-based guidance.
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1. Introduction

ratio for OS, 0.69), KEYNOTE-189 (combination pembrolizumab plus
chemotherapy: hazard ratio for OS, 0.59), and KEYNOTE-407 (pembrolizumab plus chemotherapy, squamous NSCLC: hazard ratio for OS,
0.64) [7,9,10]. Meanwhile, a growing body of evidence supports the
addition of immunotherapy to chemotherapy for patients with newly
diagnosed, metastatic NSCLC regardless of PD-L1 status (as shown by
the OS results in KEYNOTE-189 and -407, in patients with PD-L1 expression 1–49 % or PD-L1 < 1 %) [2,7,10].
In patients who progress after chemotherapy ± immunotherapy,
treatment with an anti-angiogenic plus docetaxel may be an option:
either nintedanib (a small molecule drug targeting the tyrosine kinases
vascular endothelial growth factor receptor [VEGFR] 1–3, platelet-derived growth factor receptor α and β, and ﬁbroblast growth factor receptor 1–3) in patients with adenocarcinoma NSCLC, or ramucirumab
(an anti-VEGFR2 antibody) in patients with performance status (PS)
0–2 [2].
However, the clinical utility of these second-line options has largely
been inferred from trials conducted in the pre-immunotherapy era. For
example, in the LUME-Lung 1 trial, patients with adenocarcinoma
NSCLC who received nintedanib plus docetaxel after failure on ﬁrst-line
chemotherapy achieved a median OS of 12.6 months [11]. The REVEL
trial of post-chemotherapy ramucirumab plus docetaxel in patients with
NSCLC demonstrated a median OS of 10.5 months [12]. In the secondline, post-chemo-immunotherapy setting, there is a lack of high-quality
evidence from prospective clinical trials to optimize second-line treatment selection. Further data on the impact of front-line chemo-immunotherapy and its implications for treatment sequencing are
awaited. In the meantime, clinicians must take a pragmatic approach to
sequential therapy selection, guided by determinants of potential
treatment response as discussed below.
As the interactions between the immune system and cancer cells are
continuous and evolve throughout periods of treatment [13], an important consideration when proﬁling patients progressing on combination chemo-immunotherapy is the nature of their initial response,
and their pattern of progression (e.g. hyperprogression, pseudoprogression, or oligoprogression).
Drawing on the results of published immunotherapy trials, it is
possible to categorize patients according to their response as: (i) ‘responders’ – individuals who initially respond and continue to experience clinical beneﬁt; (ii) individuals with ‘primary innate resistance’
who appear to have no response and no beneﬁt from treatment; and (iii)
individuals with ‘acquired resistance’, who initially respond and derive
beneﬁt, but later acquire resistance and go on to relapse and progress
[14].
Yet this apparently straightforward classiﬁcation system obscures
the complexity of the clinical reality. Response can diﬀer spatially
(between lesions) and also temporally – presenting immediately, rapidly, or as more slowly acquired resistance [14–17]. Moreover, the
dynamic and constantly evolving nature of the immune response at the
individual patient level can be inﬂuenced by environmental and genetic
factors and/or exposure to treatment, resulting in a wide range of
possible barriers to therapeutic eﬃcacy and a range of diﬀerent response–progression proﬁles, each with particular implications for subsequent treatment [13].
For instance, hyperprogression is the paradoxical occurrence of
rapid clinical and radiographic deterioration that may occur shortly
after initiating treatment. Deﬁnitions of hyperprogression vary within
the literature, with some classifying tumor growth rate (TGR) according
to tumor diameter, others by tumor volume, and some according to
Response Evaluation Criteria in Solid Tumors (RECIST) evidence of
progression within 2 months. In the context of NSCLC, hyperprogression is generally deﬁned as a ≥2-fold increase in TGR in patients with
disease progression between baseline and ﬁrst assessment by RECIST
criteria at 8 weeks. Although hyperprogression is well documented and
is not necessarily speciﬁc to immunotherapy approaches, its etiology
remains unclear. Possible explanations include oncogenic signaling

Despite the advent of public health initiatives in recent years, North
America and Central and Eastern Europe continue to record some of the
highest lung cancer incidence rates globally [1]. Non-small cell lung
cancer (NSCLC) accounts for an estimated 80–90 % of all lung cancers,
with adenocarcinomas representing an increasing healthcare priority
across the USA and Europe [2].
The therapeutic landscape for stage IV NSCLC has been redeﬁned in
recent years with the advent of targeted agents directed at speciﬁc
driver mutations and by the emergence of immunotherapies [2,3]. To
reﬂect the rapidly expanding therapeutic armamentarium, national and
international organizations, including the European Society of Medical
Oncology (ESMO) and the National Cancer Comprehensive Network,
have updated their recommendations to include immunotherapy strategies alongside traditional chemotherapy as front-line options (either
as monotherapies in biomarker-selected patients, or in combination
with chemotherapy) in eligible patients with advanced NSCLC without
oncogenic driver mutations [2,3].
However, the speed at which immunotherapies have re-shaped the
treatment landscape in this setting has resulted in a dearth of mature
clinical data to guide treatment decisions for patients who progress on
chemo-immunotherapy [2]. To facilitate such treatment decisions, we
review a range of scenarios observed in this situation, outline mechanistic and clinical considerations that may inﬂuence subsequent
treatment selection, and consider the potential role of anti-angiogenic
agents within this rapidly changing therapeutic landscape.
2. Emerging clinical algorithms
In recent years, the development of agents targeting a wide range of
oncogenic alterations (including EGFR and BRAF driver mutations, or
gene rearrangements in ALK and ROS-1) has resulted in a clear strategy
for treatment stratiﬁcation according to the molecular proﬁle of the
tumor [2,4,5]. The emergence of immunotherapy has subsequently
revolutionized therapeutic approaches for patients with NSCLC lacking
such driver mutations [2], and has also shown potential in patients
harboring oncogenic driver mutations once molecularly targeted options have been exhausted.
Checkpoint inhibitors targeting programmed cell death protein 1
(PD-1) and programmed death ligand-1 (PD-L1) have demonstrated
durable disease response and prolonged survival in metastatic NSCLC.
For example, patients with advanced, non-squamous NSCLC without
sensitizing EGFR or ALK mutations treated with ﬁrst-line pembrolizumab and chemotherapy achieved a response rate of 47.6 %, a
median duration of response of 11.2 months, and a median overall
survival (OS) of 22.0 months (hazard ratio 0.56; p < 0.00001 versus
chemotherapy alone) [6,7]. Other PD-1- and PD-L1-targeted agents are
now recommended by guideline bodies as ﬁrst-line standard-of-care
options alongside chemotherapy [2,3].
2.1. Patterns of clinical progression on immunotherapy
Despite the improved outcomes oﬀered by immunotherapy as
compared with chemotherapy alone, approximately half of patients
with advanced NSCLC do not respond, and ultimately, almost all patients relapse. Although response is not the only marker for long-term
treatment beneﬁt with immunotherapy [8], disease progression often
drives re-evaluation of the treatment plan. At the point of progression,
many patients are eligible for additional systemic therapies, creating a
growing need for evidence to guide sequential treatment options.
For patients with non-oncogene addicted NSCLC and PD-L1 expression ≥50 %, the 2019 ESMO guidelines recommend pembrolizumab monotherapy [2]; although it should be noted that there is
some uncertainty regarding the decision to add chemotherapy based on
the results from KEYNOTE-042 (pembrolizumab monotherapy: hazard
77
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certain types of macrophages and tolerogenic dendritic cells. Under
physiological conditions, PD-1, PD-L1, and PD-L2 play important roles
in regulating T-cell activation during peripheral tolerance: macrophages and tolerogenic dendritic cells prevent autoimmunity by inhibiting autoreactive T cells that may cause tissue damage [19]. Activation of the PD-1/PD-L1 pathway can result in the induction of T cellmediated anergy, apoptosis, and ‘exhaustion’, initiating T-cell suppression. Solid tumors can ‘hijack’ the PD-1/PD-L1 axis, causing overexpression of PD-L1 and inducing immune suppression and evasion,
thus inhibiting the attack of conventional cytotoxic CD8 + T cells and
preventing tumor lysis. Inhibition of the PD-1/PD-L1 pathway, therefore, triggers tumor antigen recognition, proliferation, inﬁltration, and
activation of cytotoxic CD8 + T cells, resulting in an antitumor immune
response [19].
Successful antitumor immune response following immunotherapy
with PD-1/PD-L1 immune checkpoint inhibitors, therefore, requires the
reactivation and clonal proliferation of antigen-experienced T cells
present in the tumor microenvironment (TME) [13,14]. Successful
processing, presentation, and recognition of tumor-associated peptide
antigens is required to generate tumor-speciﬁc CD8 + T cells with tumoricidal potential. The ﬁrst signal for T-cell activation occurs when a
unique T-cell receptor recognizes a major histocompatibility complex
(MHC)-bound tumor antigen. Full T-cell activation is then triggered by
the binding of the co-stimulatory CD28 receptor on T cells by B7 on the
antigen-presenting cells. The resultant tumor-speciﬁc CD8 + T cells
subsequently diﬀerentiate into eﬀector T cells before undergoing clonal
expansion and traﬃcking to the TME, where they kill tumor cells displaying the tumor-associated antigen on human leukocyte antigen
(HLA).
For long-term immunologic memory, a subset of eﬀector T cells
must diﬀerentiate into eﬀector memory T (TEM) cells; these are maintained for life and respond to antigen re-challenge [14]. Disease progression (or ‘failure’ of immune checkpoint blockade), can result from
defects in any of the steps that underpin this process, i.e. from insuﬃcient generation of antitumor T cells, inadequate tumor-speciﬁc Tcell function, or impaired formation of T-cell memory [14]. Mechanistic
defects that impair the eﬀect of PD-1 blockade can arise from a number
of tumor-intrinsic or -extrinsic factors, presenting either at the time of
initial immunotherapy trial (primary/innate resistance) or after a
period of initial response, resulting in progression (acquired resistance)
(Fig. 1) [13,14].

activation, upregulation of alternative immune checkpoints, or modulation of other protumor immune subsets. Predictive studies have
failed to show any association between hyperprogressive disease and a
range of disease characteristics (e.g. tumor burden, histologic subtype,
number of metastatic sites) or therapeutic approaches (previous lines of
chemotherapy or prior treatment), but age appears to be a risk factor. In
one study, almost 20 % of patients older than 65 years developed hyperprogressive disease compared with only 5 % of those aged 65 years
or younger (p = 0.018) [16,17].
Another rare progression–response proﬁle is that of pseudoprogression, estimated to occur in approximately 2–6 % of patients treated
with immunotherapy [11]. Pseudoprogression is characterized by a
transient enlargement of the tumor (or metastatic sites) before regression in size, and is attributed to an initial inﬂammatory reaction that
may resemble a tumor ﬂare [16]. Immuno-histochemical evaluations
suggest baseline tumor cells may increase in number in parallel with an
inﬂammatory response consisting of activated cytotoxic lymphocytes
(CD8 + T cells), TIA-1 (an apoptosis-promoting protein) and granzyme
B (a protein necessary for the induction of apoptosis by cytotoxic T
cells). In light of its transient nature, in order to diﬀerentiate pseudoprogression from true progression and necessary clinical action, new
radiographic assessment protocols have been developed that mandate
speciﬁc time intervals and application of an immunotherapy-speciﬁc
RECIST classiﬁcation system before evaluation of response to immunotherapy [16,17].
It should be noted that hyperprogression and pseudoprogression are
rare events in patients who receive ﬁrst-line chemo-immunotherapy;
they are seen mainly in patients treated with pembrolizumab monotherapy. In cases of hyperprogression on pembrolizumab monotherapy,
treatment with platinum-based doublet chemotherapy is likely; treatment with a bevacizumab-containing doublet could be considered,
given the potential immunomodulatory role of bevacizumab, but as yet,
there is no clinical data to robustly support this strategy given the rarity
of hyperprogression.
A third form of progression has been identiﬁed as oligoprogression.
Oligometastatic disease is an intermediate state between localized and
widespread metastatic cancer, often deﬁned in NSCLC as fewer than
ﬁve sites of disease. The term usually describes patients with synchronous or metachronous metastatic disease at presentation, but recent
genomic studies have revealed distinct clonal evolution at each site of
metastatic disease, leading to the hypothesis that individual sites may
develop treatment resistance or increased metastatic potential independent of the primary site of disease or even other metastatic sites
[15]. This phenomenon is particularly associated with oncogene-addicted NSCLC. Results from the phase II SABR-COMET trial
(NCT01446744) indicate that patients with oligoprogression limited to
only a few sites of disease may warrant treatment with locally ablative
therapies [18], and further data are awaited from trials such as NRGLU-002 (NCT03137771).

3.1. Insuﬃcient generation of antitumor T cells
Successful immunotherapy with immune checkpoint inhibitors requires the reactivation of T cells directed at tumor-speciﬁc mutant
proteins. Conversely, a lack of suitable neoantigens and alterations in
antigen processing (and/or presentation) is associated with impaired
antitumor immune response.
Tumor-intrinsic mechanisms of immune evasion, therefore, include
genetic and epigenetic alterations that inﬂuence neoantigen formation,
presentation, and/or processing. They also include alterations in cellular signaling pathways that disrupt the action of cytotoxic T cells.
Alterations in genes encoding components of the antigen processing
and/or presentation apparatus (e.g. class I MHC, beta-2 microglobulin
[β2M]) can also lead to resistance to immune checkpoint inhibitor
therapy. Furthermore, downregulation of HLA class I molecules and
loss of β2M expression may also be implicated: loss of β2M expression
results in impaired cell-surface expression of MHC class I, which in turn
impairs antigen presentation to cytotoxic T cells [14,20].

3. Mechanisms of resistance to immunotherapy
In the absence of robust data to delineate the eﬀect of approved
immunotherapies on emergent tumor biology, the mechanisms underpinning diﬀerent patterns of response–progression could potentially
guide subsequent treatment selection in order to optimize outcomes for
individual patients.
Licensed PD-1/PD-L1 immune checkpoint inhibitors function by
preventing one mechanism of immune evasion available to the tumor.
The immune checkpoint molecule PD-1 is expressed on the extracellular
surface of natural killer T cells, B cells, dendritic cells, monocytes/
macrophages, and CD4+ and CD8 + T cells. PD-L1 is present on immune cells, as well as on certain types of cancer and stromal cells.
Interaction of PD-1 with PD-L1 inhibits the activation, proliferation,
and survival of T cells [19]. The PD-1 receptor also interacts with
programmed death ligand-2 (PD-L2), which is selectively expressed on

3.2. Inadequate tumor-speciﬁc T-cell function
A range of tumor-intrinsic and -extrinsic factors can also contribute
to inadequate tumor-speciﬁc T-cell function and diminished clinical
eﬀect of PD-1/PD-L1 immune checkpoint inhibitors. These include PD78
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Fig. 1. Response and resistance to immune checkpoint inhibitor therapy.
Adapted from Jenkins et al. 2018 [14].
Upper panel: basic steps involved in generation of tumor-speciﬁc T cells, eﬀector T-cell function, and formation of memory T cells.
Lower panel: putative mechanisms of innate and/or acquired resistance to immune checkpoint inhibitor therapy.
APC, antigen-presenting cells; αPD-1, anti-programmed cell death protein 1; αPD-L1, anti-programmed death ligand-1; Arg1, arginase 1; β2M, beta-2 microglobulin;
CTLA-4, cytotoxic T-lymphocyte antigen 4; IDO, indolaimine-2, 3-deoxygenase; IFN, interferon; LAG3, lymphocyte activation gene 3; M2 Mɸ, type II macrophage;
MDSC, myeloid-derived suppressor cell; MHC, major histocompatibility complex; PD-1, programmed cell death protein 1; PD-L1, programmed death ligand-1; PGE2,
prostaglandin E2; TCR, T-cell receptor; TIM3, T-cell immunoglobulin and mucin domain-3; Treg, regulatory T cell; VISTA, V-domain immunoglobulin suppressor of Tcell activation.

eﬀects of interferon gamma, and analysis of tumors in patients who did
not respond to anti-CTLA-4 therapy has revealed an enriched frequency
of mutations in the interferon gamma pathway genes, interferon
gamma receptor 1 and 2, JAK2, and interferon regulatory factor 1.
Mutations in any of these genes resulting in inhibition of interferon
gamma-related signaling could, therefore, result in primary resistance
to anti-CTLA-4 therapy and lack of PD-L1 expression upon interferon
gamma exposure [13].
Heterogeneity in PD-1+ and CD8+ populations also appears to be
associated with diﬀerential response to PD-1 immune checkpoint inhibitor therapy and functional exhaustion of T cells. Indeed, partial
exhaustion of PD-1+, CTLA-4+, and CD8+ inﬁltrating T cells has been
shown to correlate with PD-1 response, and exhausted PD-1+ and CD8
+ T cells display a distinct chromatin landscape compared with eﬀector
T cells and TEM cells. These epigenetically distinct T cells appear to
inﬂuence whether or not exhausted PD-1+ T cells can be reprogrammed to avoid terminal exhaustion and dysfunction [14].

L1-independent mechanisms of immune escape, development of resistant mutations, T-cell exhaustion, and the development of an immunosuppressive TME.
For instance, a number of PD-L1-independent mechanisms of immune escape have been identiﬁed, such as immune suppressive cytokines, immune inhibitory metabolites, immune suppressive cells, and
the over-expression of alternate immune checkpoints or co-inhibitory
receptors (e.g. cytotoxic T-lymphocyte antigen 4 [CTLA-4], lymphocyte
activation gene 3 [LAG3], T-cell immunoglobulin and mucin domain-3
[TIM3], and V-domain immunoglobulin-containing suppressor of T-cell
activation [VISTA]) [13,14,21]. Targeting PD-1/PD-L1 in isolation,
therefore, does not necessarily silence tumor pathogenesis mediated by
one or a combination of these alternative pathways.
Resistance mutations can also arise that inhibit the clinical eﬃcacy
of ongoing immunotherapy. Whole exome sequencing of tumors from
patients who developed resistance following initial clinical response to
PD-1 blockade suggests that mutations in Janus kinases (JAK) 1 and 2
may be implicated [14]. Downregulating or mutating molecules involved in the interferon gamma signaling pathway (which goes through
the interferon gamma receptor chains JAK1 and/or JAK2 and the signal
transducer and activators of transcription [STATs]) could enable evasion of the eﬀects of interferon gamma [13]. Preclinical data support
the hypothesis that mutations or epigenetic silencing of molecules in
the interferon receptor signaling pathway result in loss of the antitumor

3.3. Impaired formation of T-cell memory
While there is compelling evidence to support the ability of PD-1/
PD-L1 immune checkpoint inhibitors to reinvigorate cytotoxic T lymphocytes and achieve long-term clinical beneﬁt in some patients, this
appears to be contingent upon eﬀective TEM formation. If TEM formation
79
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abnormalities are a hallmark of many solid tumors and are known to
facilitate immune evasion. The abnormalities stem from elevated levels
of proangiogenic factors, such as vascular endothelial growth factor
(VEGF) and angiopoietin 2 (ANG2). In addition to regulating angiogenesis, VEGF also plays a role in immunosuppression as abnormal
vessels and impaired perfusion can restrict entry of cytotoxic drugs and
immune cells from the circulation into tumors. To inﬁltrate the tumor
and integrate into the TME, immune cells must enter the tumor blood
vessels, adhere to the endothelium, and transmigrate across the vessel
wall. The presence of angiogenic molecules such as VEGF within the
TME can control the traﬃcking of immune cells to the tumor by altering
the expression of adhesion molecules on endothelial cells (ECs) and
immune cells [33].
VEGF also directly inhibits dendritic cell maturation and activation
of antigen-speciﬁc Tregs and reduces immune cell–EC interactions in
angiogenic vessels. Furthermore, there is a growing list of hematopoietic cell types (e.g. tumor-associated macrophages, MDSCs, TIE2+
monocytes, immature dendritic cells, and Tregs) that, when appropriately polarized, can promote both immunosuppression and angiogenesis through production of VEGF and other factors, such as basic
ﬁbroblast growth factor, chemokine (C-C-motif) ligand 2 and ANG2
[32]. Experimental studies have shown that depletion of these immunosuppressive cell types can enhance antitumor immune responses
and has the potential to overcome innate resistance [14].
The discovery that VEGF was a key mediator of angiogenesis
marked it out as a key therapeutic target, and led to the development of
a number of agents with the potential to induce regression of angiogenic vessels and starve tumors of their blood supply and nutrients
[33]. There are currently two anti-angiogenic agents licensed for use in
metastatic NSCLC without oncogenic driver mutations in combination
with docetaxel following progression on chemotherapy: nintedanib and
ramucirumab [30,31].
In addition to its ability to suppress sprouting angiogenesis and
delay tumor growth, anti-angiogenic activity can transiently normalize
tumor vasculature and oﬀer complementary immunomodulatory effects. Normalization of the tumor vasculature can improve blood perfusion and oxygenation, thereby enabling increased inﬁltration of immune eﬀector cells and converting an immunosuppressive
microenvironment to an immunosupportive environment (Fig. 2)
[33–35].
This hypothesis is supported by preclinical evidence of an ‘angioimmunogenic switch’ mechanism whereby anti-angiogenics create a
transient window for immune system detection and inﬁltration of anticancer therapies into the TME. In a model of immune-tolerant breast
cancer, lower-doses (20 mg/kg or 10 mg/kg) of an anti-VEGFR2 antibody (DC101) have been shown to result in a more homogeneous distribution of functional blood vessels and improved tissue perfusion than
full-dose DC101 (40 mg/kg). The lower-dose also enhanced the anticancer eﬃcacy of vaccine therapy, reducing tumor volume and signiﬁcantly slowing tumor growth compared with full-dose DC101. The
lower-dose DC101 regimen reverted the immunosuppressive TME to an
immunosupportive environment, with T-cell tumor inﬁltration inversely correlated with the DC101 dose [36].
Mechanistically, Wei et al. further demonstrate that the local immune landscape and PD-L1 heterogeneity may give rise to diﬀering
cancer severity hallmarks and clinical outcomes, predisposing some
tumors to particular angiogenic and treatment response signatures. The
authors report that nuclear factor kappa B signals elicited by macrophage inﬂammatory responses generate PD-L1+ cancer cells with aggressive survival capabilities, which support angiogenesis and have the
ability to metastasize. Meanwhile, STAT1 signals triggered by activated
T cells generate PD-L1+ cancer cells susceptive to apoptosis (Fig. 3)
[37].
At the time of writing, there are no published trial data from prospective, randomized controlled trials evaluating the role of anti-angiogenic therapy following progression on immunotherapy (with/

is impaired in any way, an initial clinical response may dissipate over
time, leading to acquired resistance and potential disease progression.
Expansion of the intratumoral TEM compartment has been demonstrated in response to PD-1 blockade, and to be positively associated
with therapeutic response. Ongoing research aims to elucidate the
mechanisms underlying TEM expansion following PD-1 blockade, but
distinct transcriptional programs associated with naïve, acute eﬀector,
memory, and exhausted T-cell states have been identiﬁed; there is
emerging evidence that T-cell exhaustion is associated with epigenetic
changes that appear to limit the durability of CD8 + T-cell function
following PD-1 blockade [14].
3.4. Immunosuppression within the TME
The TME is also growing in recognition as another driver of acquired resistance to treatment with PD-1/PD-L1 immune checkpoint
inhibitors, as immunosuppression within the TME has been shown to
impair the eﬃcacy of PD-L1 therapy [14,21].
An immunosuppressive TME is characterized by high levels of immune-suppressing cytokines and/or metabolites; by the recruitment of
immune suppressive cells (e.g. myeloid-derived suppressor cells
[MDSCs], and regulatory T cells [Tregs]); by mutations in key eﬀector
pathways; and by high levels of PD-L1 expression [14,21]. Preclinical
models have shown an association between elevation of immune-suppressive cell types (including Tregs, MDSCs, Th2 CD4 + T cells, and M2polarised tumor-associated macrophages) in the TME and diminished
immune checkpoint inhibitor eﬃcacy. These cell types promote an
immunosuppressive TME that inhibits antitumor cytotoxic and Th1directed T-cell activities, primarily through the release of cytokines,
chemokines, and other soluble mediators [14].
Mutations associated with development of an immunosuppressive
or ‘cold’ TME include STK11/LKB1 and KEAP1 (often found in conjunction with RAS mutations in NSCLC), which may result in primary
resistance to immunotherapy [22–24]. For example, in the phase III
MYSTIC study of durvalumab (anti-PD-L1) and tremelimumab (antiCTLA-4), STK11/LKB1 and KEAP1 mutations were present in 16 % and
18 % of evaluable patients, respectively, and both were associated with
poorer OS than in patients with wild-type variants; although there are
currently no data to suggest STK11/LKB1 or KEAP1 mutations are
predictive of a poorer response to immunotherapy compared with
chemotherapy [25]. A retrospective analysis of patients with nonsquamous NSCLC treated with ﬁrst-line chemotherapy with or without
pembrolizumab has shown that STK11/LKB1 alterations deﬁne a subgroup of patients with inferior clinical outcomes and a lack of clinical
beneﬁt from addition of pembrolizumab [26]. The predictive value of
STK11/LKB1 and KEAP1 mutations remains to be conﬁrmed in a prospective clinical trial; current data suggest a strong prognostic potential, regardless of treatment [25].
4. Targeting immunotherapy resistance using anti-angiogenics
Considering progression on immunotherapy from a mechanistic
perspective can help to identify therapeutic targets with the potential to
delay or reverse resistance and prolong therapeutic eﬀect. Among the
most promising strategies under investigation are those targeting multiple mechanisms of immune escape using dual immune checkpoint
inhibitor blockade (e.g. targeting both CTLA-4 and PD-1), and those
using radiation (particularly stereotactic body radiation therapy) to
prime immunity and enhance the eﬀect of immunotherapy
[13,14,27–29]. However, the approach with one of the strongest mechanistic foundations, and with immediate clinical relevance given the
availability of licensed second-line agents, is the use of anti-angiogenics.
There is an increasing body of preclinical and clinical evidence to
suggest that sustained angiogenesis and immunosuppression are interconnected processes with shared regulators [30–32]. Vascular
80
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Fig. 2. Abnormal tumor vasculature contributes to immunosuppression in the TME.
Adapted from Fukumura et al. 2018 [33].
Abnormalities in the tumor vasculature result
in hypoxia and acidosis of the TME, which in
turn contribute to immunosuppression via
several mechanisms. These mechanisms include: increased accumulation, activation, and
expansion of immunosuppressive Tregs; recruitment of inﬂammatory monocytes and
TAMs; suppression of DC maturation, which
results in impaired antigen presentation and
activation of tumor-speciﬁc CTLs; and expansion of abnormal ECs with immunosuppressive
phenotypes. Importantly, the PD-1/PD-L1
pathway is often activated in the TME as a
mechanism to evade anticancer immune responses, with upregulation of PD-L1 expression
on TAMs, DCs, and ECs, as well as on tumor
cells. In addition, tumor-inﬁltrating CTLs typically upregulate PD-1, marking them as
dysfunctional or ‘exhausted’ and limiting their
cytotoxic potential against tumor cells.
Overall, the consequence of aberrant tumor
angiogenesis and vascular abnormality is an
immunosuppressive TME.
ANG2, angiopoietin 2; CCL, C-C-motif chemokine ligand; CXCL12, C-X-C-motif chemokine
ligand 12; CSF1, macrophage colony-stimulating factor 1; CTL, cytotoxic T lymphocyte;
EC, endothelial cell; DC, dendritic cell; FASL,
Fas ligand; GM-CSF, granulocyte–macrophage
colony-stimulating factor; IL, interleukin; PD1, programmed cell death protein 1; PD-L1, programmed death ligand-1; TAM, tumor-associated macrophage; TME, tumor microenvironment; TGFβ, transforming
growth factor beta; Treg, regulatory T cell; VEGF, vascular endothelial growth factor.

Although small, these retrospective analyses provide initial evidence, in a real-world setting, demonstrating consistent clinical beneﬁt
with third-line anti-angiogenic therapies (in combination with docetaxel) after failure on a checkpoint inhibitor. Thus, the rational sequencing of anti-angiogenics after failure on immunotherapy may be a
promising approach that warrants further investigation in future clinical trials.
Anti-angiogenics may also be combined with immunotherapy and
chemotherapy. Recent data from the phase III IMPOWER150 trial oﬀer
proof of concept of the clinical relevance of the interplay between angiogenesis and immunosuppression. The trial investigated the combination of atezolizumab (A) plus anti-angiogenic bevacizumab (B) plus
chemotherapy (C) versus AC and BC in chemotherapy-naïve patients
with metastatic non-squamous NSCLC. Addition of atezolizumab to BC
(i.e. ABC) resulted in a signiﬁcant improvement in both PFS and OS,
regardless of patients’ PD-L1 expression or EGFR and ALK genetic alteration status. The authors proposed that the eﬃcacy of atezolizumab
may have been enhanced by the addition of bevacizumab and its ability
to reverse VEGF-mediated immunosuppression [42]. This was particularly evident for the subset of patients with EGFR-mutant NSCLC, in
which the bevacizumab-containing combination ABC resulted in an
improved OS compared with the BC control [43]. As this survival advantage was not observed in the AC investigational arm, the results
suggest a potential synergistic eﬀect for bevacizumab and atezolizumab, at least in patients with EGFR-mutant NSCLC.
Ongoing or planned trials investigating anti-angiogenics in combination with immunotherapies in patients with NSCLC in a post(chemo)-immunotherapy setting include: a trial of nivolumab, ipilimumab, and nintedanib in patients who develop resistance to immune
checkpoint inhibitor therapy (as well as a separate treatment arm in
newly diagnosed patients; NCT03377023); a trial of ramucirumab with
atezolizumab in patients previously treated with an immune checkpoint

without chemotherapy). Prospective data will be generated by trials
such as the planned trial of the combination of nab-paclitaxel and
nintedanib or nab-paclitaxel and placebo in relapsed NSCLC adenocarcinoma (NCT03361319). In the meantime, however, published data
are available from two real-world evaluations of nintedanib plus docetaxel following progression after chemotherapy followed by PD-1
blockade [38,39].
The ﬁrst study involved a retrospective analysis of centers participating in the Spanish nintedanib named patient use program. Eligible
patients (n = 11) received nintedanib plus docetaxel after progression
on chemotherapy and immune checkpoint inhibitor therapy. Third-line
treatment with nintedanib plus docetaxel was associated with an objective response rate (ORR) of 36 %, a disease control rate (DCR) of 82
%, and a median progression-free survival (PFS) of 3.2 months [38].
These ﬁndings are reinforced by the interim results from the noninterventional VARGADO study, involving patients (n = 40) who received nintedanib plus docetaxel following ﬁrst-line chemotherapy and
second-line immune checkpoint inhibitor therapy [39,40]. At the time
of analysis (data cut-oﬀ: August 1, 2019), median duration of follow-up
was 7.1 months for patients treated with nintedanib plus docetaxel.
Median PFS was 7.2 months (95 % CI: 2.9–8.7). ORR and DCR data
were available for 29 patients: partial response rate was 45 % and DCR
was 86 %. Grade ≥3 treatment-emergent adverse events occurred in 43
% of patients; serious treatment-emergent adverse events occurred in
48 % of patients; and 30 % of patients discontinued due to treatmentemergent adverse events [40].
There are also complementary data for ramucirumab plus docetaxel
following failure of nivolumab in metastatic NSCLC. Among patients (n
= 20) included in a published retrospective analysis, ORR was 60 %
and DCR was 90 %. Six patients had stable disease and two had progressive disease. Gastrointestinal adverse events were frequently observed in almost all (n = 19/20) patients [41].
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Fig. 3. Role of the local immune landscape on tumor PD-L1 heterogeneity and sensitivity to therapy.
Adapted from Wei et al. 2019 [37].
NF-κB signals elicited by macrophage inﬂammatory responses generate PD-L1+ cancer cells with survival, angiogenic, and metastatic capabilities. Meanwhile STAT1
signals triggered by activated T cells can induce susceptibility to apoptosis in PD-L1+ cancer cells.
Ab, antibody; IFN, interferon; IL, interleukin; NF-κB, nuclear factor kappa B; PD-L1, programmed death ligand-1; STAT, signal transducer and activator of transcription; TNF, tumor necrosis factor.

and comorbidities, and in populations more representative of realworld case-loads. Of interest within this context is the open-label, phase
IIb SENECA trial of nintedanib plus 3-weekly or weekly schedules of
docetaxel. The weekly docetaxel schedule (33 mg/m2 on days 1 and 8
of each 21-day cycle) was better tolerated than the 3-weekly schedule
(75 mg/m2), with no statistically signiﬁcant diﬀerence in eﬃcacy [45].
Furthermore, balancing health and quality of life outcomes with affordability will be non-trivial in light of the high economic impact that
immunotherapies present to healthcare systems [46].
Central to achieving research eﬃciencies and the smooth translation
of emerging knowledge into eﬀective clinical approaches will be the
development and use of a standard taxonomy for resistance classiﬁcation and response–progression proﬁles. Ideally, related studies will also
include paired re-biopsies at the time of progression, to enable better
deﬁnition of the immunological stromal landscape, determination of
biological correlates of resistance patterns, and new vulnerabilities that
may beneﬁt from the addition of an anti-angiogenic therapy.

inhibitor, either alone or in combination (NCT03689855); and a trial of
ramucirumab with nivolumab in patients who progressed after immunotherapy (either alone or in combination; the trial will also investigate immunotherapy-naïve patients; NCT03527108).
Irrespective of their future position within advanced NSCLC treatment protocols, optimizing the clinical beneﬁt of anti-angiogenics will
require consideration of the apparent dose- and time-dependent nature
of their immunomodulatory eﬀects [19,35].

5. Future perspectives
A recent Delphi consensus exercise conducted in Spain asked experts to consider the optimal selection of second- or later-line treatments following progression on ﬁrst-line immunotherapy ±
chemotherapy for advanced adenocarcinoma; in line with current
ESMO guidelines, combined docetaxel and nintedanib was considered
to be a valid option for patients progressing on prior lines of chemoimmunotherapy [2,44]. Nevertheless, prospective clinical data are essential to ensure that management decisions for NSCLC are supported
by a robust evidence base. As the collective experience with ﬁrst-line
immunotherapy for metastatic NSCLC matures, the implications of
diﬀerent therapeutic approaches and their impact on tumor proﬁle and
subsequent treatment response will become clearer, helping clinicians
navigate current therapeutic uncertainties. In parallel, targeted research eﬀorts will be required, not only to provide proof-of-concept
data for emerging therapeutic strategies, but also to facilitate evaluation of their long-term risk–beneﬁt proﬁles and health economic implications.
Balancing therapeutic eﬀect with tolerability will be particularly
pertinent when assessing the suitability of combination approaches and
treatment sequencing in elderly patients, in individuals with poorer PS

6. Conclusions
Immunotherapy has markedly changed clinical algorithms for patients with non-oncogene-addicted, metastatic NSCLC. Yet, despite the
meaningful successes in some patients, many ultimately relapse and the
optimal choice of post-progression therapy remains to be determined.
Until the availability of robust, prospective clinical trial data, joint
decision making will be key to determining the risk–beneﬁt proﬁle of
the currently available therapeutic options, and selecting the best option on an individual patient-by-patient basis [2].
In the meantime, consideration of the biological mechanisms of
acquired tumor resistance to immunotherapy (and mapping these to the
mechanisms of action of licensed therapeutic options) oﬀers an interim
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guide for assessing the validity of the available options. Within this
context, targeting the TME appears to be the most promising approach
to overcoming immunotherapy resistance using existing licensed
agents. The intertwined regulation of VEGF signaling and immunosuppression in the TME clearly supports consideration of antiangiogenic therapy to target immunosuppression in the TME and
trigger an ‘angio-immunogenic switch’ back towards an immunosupportive environment [47].
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