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Introduction

Small cell lung cancer (SCLC) represents approximately 
15% of newly diagnosed lung cancer cases and it is closely 
correlated with smoking, since it very rarely appears in 
non-smokers and its incidence has been declining during 
the past decades, following decreasing smoking rates in 
Western countries (1). Its clinicopathological hallmarks are 
a short doubling time, high growth fraction and exquisite 
initial sensitivity to chemotherapy and radiotherapy. Almost 
70% of patients have clinically overt metastatic disease 
at diagnosis (termed extensive disease, ED-SCLC); the 
remaining 30% has disease confined to one hemithorax 
which can be encompassed in a single radiotherapy field 
(limited disease, LD-SCLC). However, these patients are 
also presumed to harbor micrometastases, as evidenced by 
the poor survival rates from local treatment alone without 

systemic chemotherapy (2). Despite the striking initial 
sensitivity of SCLC to chemotherapy resulting in dramatic 
responses, acquired resistance and disease progression are 
commonly observed after a short period of time. Median 
overall survival (OS) with contemporary treatment is 
approximately 17 months for LD-SCLC and 9–11 months 
in ED-SCLC; anecdotal cases with ED-SCLC survive for  
5 years (3). 

Combination chemotherapy with etoposide and a 
platinum salt, either cisplatin or carboplatin, represent the 
gold standard chemotherapy regimen in SCLC for almost 
30 years. Attempts to improve clinical outcomes by using 
other agents such as irinotecan (4), alternating regimens (5), 
increasing chemotherapy dose intensity (6) or dose density 
(7,8), treatment duration (9) or adding a third (10) or fourth 
drug (11) have resulted in marginal, if any, improvements in 
OS. In pretreated patients, responses from chemotherapy 
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occur less frequently and are of shorter duration and no 
agent or combination has demonstrated a prolongation of 
OS compared to the standard of care, topotecan (12,13), 
with the exception of amrubicin as demonstrated in a subset 
analysis of refractory patients treated in the context of a 
randomized trial comparing amrubicin vs. topotecan (14). 
Therefore, more effective treatments are highly needed. 

The inhibition of angiogenesis is generally an attractive 
therapeutic strategy in oncology. Its ubiquitous role in the 
pathogenesis of malignant progression is underscored by 
the clinically relevant improvements in progression-free 
survival (PFS) and overall response rate (ORR) (and, less 
commonly, in OS) reported in phase III trials of several 
human malignancies and despite toxicity and cost-related 
concerns, anti-angiogenic agents have become an essential 
part of the therapeutic armamentarium for many solid 
tumors. Unfortunately, the success in SCLC has been less 
prominent. Herein, we review relevant preclinical and 
clinical data regarding the role of angiogenesis and its 
inhibition in SCLC. 

Angiogenesis: a hallmark of cancer

A large body of literature supports the significance of 
angiogenesis in tumor progression from its early stages 
to overt metastatic disease and therefore it has been 
recognized as a hallmark, a defining characteristic of cancer 
at the conceptual framework introduced by Weinberg 
and Hanahan (15). The processes of vasculogenesis (the 
formation of tubes by endothelial cells) and angiogenesis (the 
development of new blood vessels from pre-existing ones) 
are initiated early in the course of tumorigenesis and remain 
activated throughout the disease trajectory. The tumor 
neovasculature is largely abnormal, with distorted, leaking 
blood vessels and dysregulated endothelial cell function (16). 

Angiogenesis is regulated by an angiogenic switch, 
a balance between pro-angiogenic factors such as the 
vascular endothelial growth factor A (VEGF-A) and anti-
angiogenic ones such as thrombospondin-1 (TSP-1) (17). 
The expression of these physiologic regulators is affected 
directly or indirectly by the presence of the malignancy, 
thus tipping the angiogenic switch to its activation. 
Hypoxia in the growing tumor stimulates angiogenesis by 
upregulating hypoxia inducible factors (HIF)-1a and HIF-
2a which in turn induce the production of VEGFs that bind 
to and activate VEGF receptors (VEGFR), thus activating 
the VEGF pathway which is central in the pathophysiology 
of angiogenesis (18). When VEGF binds to VEGFR2 

on endothelial cells, the expression of the Notch ligand 
Delta-like 4 (DLL4) is increased. DLL4 then binds to 
its receptor Notch on the adjacent endothelium, and acts 
as a negative feedback regulator (19). Additional pro-
angiogenic molecules, such as fibroblast growth factor (FGF) 
and angiopoietin-2 (Ang-2) also sustain the continuous 
activation of angiogenesis. 

Bone marrow derived cells have also been shown to play 
important role in cancer-promoted angiogenesis. As an 
example, tumor-associated macrophages (TAMs) accumulate 
in hypoxic areas and stimulate angiogenesis, enhance tumor 
cell migration and invasion through the direct production of 
VEGF or its indirect release from the extracellular matrix via 
the production of matrix metalloproteinase 9 (MMP9) (20).  
Other mechanisms that involve marrow-derived cells include 
their integration to the tumor neovasculature and the 
protection of endothelial cells from the effects of treatment.

Inhibiting angiogenesis may be achieved using several 
different methods which include the binding of VEGF-A 
by monoclonal antibodies [bevacizumab (Bev)] or decoy 
receptors (aflibercept), the blockade of VEGFR2 using 
monoclonal antibodies (ramucirumab) and the use of oral 
tyrosine kinase inhibitors (TKIs) that bind to VEGFR 
domains. However, suppressing angiogenesis has been shown 
to induce adaptive responses by the tumor, with heightened 
invasion and metastasis capabilities which in return offer 
access to the tumor in the normal vasculature (21). This 
adaptive response implies that angiogenesis is a product of 
multiple, overlapping pathways and mechanisms and that 
its inhibition should be combined with other antineoplastic 
strategies in order to delay tumor progression, since blocking 
single components of the VEGF pathway leads to suboptimal 
results.

Angiogenesis in SCLC

Several lines of evidence suggest that angiogenesis in SCLC 
has a fundamental role in determining the growth rate, 
invasiveness and development of metastases; moreover, 
the formation of structurally and functionally abnormal 
neovessels from the existing blood vessels is considered to 
mediate resistance to chemotherapy (22,23). Microvessel 
density is correlated with VEGF levels in SCLC and an 
increased microvessel count was an adverse prognostic 
factor in a study of patients with SCLC that were treated 
with surgery and adjuvant chemotherapy (24,25). 

Several components of the VEGF pathway have been 
shown to be overexpressed in SCLC and this overexpression 
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has been linked to poor outcomes. Wan et al. demonstrated 
that HIF-1a promotes growth and angiogenesis in SCLC 
by upregulating the expression of angiogenic genes and 
proposed HIF-1a as a potential target in the treatment of 
SCLC (26). Interestingly, the blockade of c-kit inducible 
HIF-1a by imatinib has been shown to downregulate VEGF 
expression in SCLC cell lines (27). Unfortunately, imatinib 
failed to demonstrate efficacy in a clinical trial, even in 
patients selected for c-kit positivity (28). 

VEGF levels are increased in SCLC patients compared 
to healthy controls (29,30). Salven et al. were among the 
first to demonstrate that increased serum VEGF levels were 
the only independent prognostic factor except for tumor 
stage in untreated patients (31). Confirming these results, 
in the previously mentioned study by Lucchi et al., VEGF 
levels were an independent adverse prognostic factor in the 
adjuvant setting (25). Additionally, Zhan et al. performed a 
systematic review and meta-analysis of VEGF expression in 
lung cancer and again confirmed that VEGF is a prognostic 
factor in SCLC (32). Moreover, it has been demonstrated 
that SCLC cell lines express VEGFR2/3 receptors 
suggesting that the VEGF/VEGFR pathway is an autocrine 
growth regulator in SCLC (33). Taken together, these data 
underscore the fact that the VEGF pathway is activated 
in SCLC and this activation has important prognostic 
implications.

Other key mediators of angiogenesis have also been 
found to be overexpressed in SCLC. For example, two 
studies indicate that Ang-2 levels are elevated in SCLC 
compared to healthy controls and this increases an 
independent predictor for shorter OS (34,35). Trebananib, 
an angiopoietin inhibitor, has been combined with the 
VEGF inhibitors Bev or motesanib in a phase 1b trial in 
various solid tumors; only 2 enrolled patients had SCLC 
and none achieved a partial response to treatment (36). 
On the other hand, several studies and a recent systematic 
review and meta-analysis support both the predictive and 
prognostic capacity of basic FGF (bFGF) overexpression in 
SCLC (37-39). FGF receptor 1 (FGFR1) gene amplification 
and overexpression has also been documented in SCLC, 
offering a rationale for therapeutic targeting this pathway 
(40,41). Although the FGFR inhibitor PD173074 was 
shown to block SCLC growth in vitro and in xenografts, 
its mechanism of action was postulated to stem from 
the induction of apoptosis rather than the inhibition of 
angiogenesis (42). 

These observations illustrate the significance of 
angiogenesis in SCLC. Efforts to translate them from bench 

to bedside have been undertaken in the form of multiple, 
albeit relatively small, clinical trials which are summarized 
in Table 1. 

Targeting angiogenesis in SCLC

Bev

Bev is a recombinant, humanized monoclonal antibody that 
binds to VEGF-A, thus inhibiting angiogenesis. It has been 
approved for use in several malignancies, and its efficacy has 
also been investigated in SCLC.

Ready et al. conducted a phase II trial (CALGB 30306) 
to evaluate the efficacy of adding Bev to cisplatin/irinotecan 
regimen (43). In this trial, 64 eligible patients with ED-
SCLC were treated with cisplatin and irinotecan plus Bev 
15 mg/kg on day 1 of a 21-day cycle, for a maximum of 6 
cycles. ORR was 75%, the median PFS was 7.0 months and 
the median OS was 11.6 months. However, the 12-month 
survival rate was 43.8% which was lower than the pre-
specified threshold of 57%. Interestingly lower pretreatment 
VEGF levels were associated with worse PFS, which is in 
contrast with results from previous studies, whereas patients 
developing hypertension had improved outcomes.

Similarly, in the randomized SALUTE trial (44), 
102 patients were randomly assigned to chemotherapy 
with a platinum salt and etoposide plus Bev 15 mg/kg or 
placebo. After the completion of 4 cycles of chemotherapy, 
patients received maintenance Bev or placebo until disease 
progression. Median PFS was 4.4 months for the placebo vs. 
5.5 months for the Bev group [hazard ratio (HR) 0.53; 95% 
confidence interval (CI), 0.32–0.86]. However, median OS 
was 10.9 months for the placebo vs. 9.4 months for the Bev 
group (HR 1.16; 95% CI, 0.66–2.04). Febrile neutropenia, 
diarrhea, gastrointestinal perforation, pneumonia and 
hypertension were more frequent in the Bev arm. 

The E3501 study was a single arm phase II trial which 
enrolled 65 untreated patients with ED-SCLC (45). 
Patients were treated with cisplatin, etoposide and Bev for 
4 cycles. Non-progressing patients continued on the same 
Bev schedule for a total of one year. The trial’s primary 
endpoint was the 6-month PFS. After a median follow up of 
27.5 months, median PFS was 4.7 months and the 6-month 
PFS was 30.2%. Median OS was 10.9 months and the ORR 
was 63.5%. Hematologic toxicity was common and febrile 
neutropenia occurred in 7.8% of patients. Baseline VEGF 
levels did not correlate with response to chemotherapy, 
however patients with high ICAM levels had a non-
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Table 1 Published trials of anti-angiogenic treatment in SCLC

Agent Reference Phase N Trial design ORR (%) PFS (months) OS (months)

Bevacizumab Ready et al. (43) II 64 CDDP/CPT-11/Bev 75 7 11.6

Spigel et al. (44) II 102 EP ± Bev 58 vs. 48, 
(P=0.3269)

5.5 vs. 4.4,  
(HR=0.53)

9.4 vs. 10.9,  
(HR=1.16)

Horn et al. (45) II 65 EP/Bev 63.5 4.7 10.9

Spigel et al. (46) II 51 Carbo/CPT-11/Bev 84 9.1 (TTP) 12.1

Pujol et al. (47) II/III 147 EP or PCDE ± Bev 89.2 vs. 91.2, 
DCR (P=1.00)

5.5 vs. 5.3,  
(P=0.082)

13.3 vs. 11.1,  
(P=0.35)

Petrioli et al. (48) II 22 EP/Bev 77.2 7.8 13.2

Jalal et al. (49) II 34 Paclitaxel/Bev (pretreated) 18.1 3.38 6.9

Mountzios et al. (50) II – Paclitaxel/Bev (pretreated) 20 2.7 6.3

Spigel et al. (51) II 50 Topotecan/Bev (pretreated) 16 6.24 (sensitive),  
2.91 (refractory)

7.4

Sunitinib Schneider et al. (52) II 60 EP → sunitinib maintenance 0 2.5,  
(start of sunitinib)

8.4,  
(start of treatment)

Spigel et al. (53) II 34 Carbo/CPT-11 → sunitinib 
maintenance

59, (overall) 7.6 (TTP) 1-year OS 54%

Ready et al. (54) II 138 EP → sunitinib vs. placebo – 3.7 vs. 2.1,  
(P=0.02)

9 vs. 6.9,  
(P=0.16)

Han et al. (55) II 25 Second line, monotherapy 9 1.4 5.6

Thalidomide Pujol et al. (56) III 119 PCDE ± thalidomide 87 vs. 84, 
(P=0.69)

6.6 vs. 6.4,  
(P=0.15)

11.7 vs. 8.7,  
(P=0.16)

Lee et al. (57) III 724 CE ± thalidomide 74 vs. 72, (NS) 7.6 vs. 7.6,  
(P=0.39)

10.1 vs. 10.5,  
(P=0.28)

Aflibercept Allen et al. (58) II 192 Topotecan ± aflibercept 
(pretreated)

2 vs. 0,  
(P=0.50)

1.6 vs. 1.3,  
(P=0.02)

5.4 vs. 4.4,  
(P=0.34)

Vandetanib Arnold et al. (59) II 107 Chemotherapy → vandetanib 
vs. placebo maintenance

NR 2.7 vs. 2.8,  
(P=0.51)

10.6 vs. 11.9,  
(P=0.9)

Cediranib Ramalingam et al. (60) II 25 Second line 0 2 4

Sorafenib Gitlitz et al. (61) II 83 Second line 6 2.2 (sensitive),  
2.0 (refractory)

6.7 (sensitive),  
5.3 (refractory)

Pazopanib Kotsakis et al. (62) II 58 Second line 18 (sensitive),  
5.2 (refractory)

5.5 (sensitive),  
2.0 (refractory)

8.0 (sensitive),  
4.0 (refractory)

Nintedanib Han et al. (63) II 22 Second, third line 5 1.0 9.8

Rovalpituzumab Pietanza et al. (64) I 73 Second line 24 – –

SCLC, small cell lung cancer; CDDP, cisplatin; CPT-11, irinotecan; Bev, bevacizumab; EP, etoposide/cisplatin; PCDE, cisplatin,  
cyclophosphamide, epidoxorubicin, etoposide; CE: carboplatin/etoposide; ORR, overall response rate; DCR, disease control rate; NS,  
statistically non-significant; NR, not reported; PFS, progression-free survival; TTP, time to progression; OS, overall survival; HR, hazard  
ratio; sensitive, platinum sensitive relapse; refractory, platinum refractory relapse.

significant trend towards improved OS (HR 0.48, P=0.06).
In a phase II trial by Spigel et al. (46), 51 patients were 

treated with carboplatin plus irinotecan given in 28-day 
cycles, plus Bev at a 10 mg/kg dose given every 15 days, 
which was continued as maintenance treatment. Six-
month time to progression (TTP) was 76% and ORR 84%. 

Median TTP was 9.1 months and median OS 12.1 months.
In the recently published phase II-III IFCT-0802 

trial by Pujol et al. (47), 147 patients received 2 cycles of 
chemotherapy with etoposide/cisplatin (EP) or PCDE 
(cisplatin/cyclophosphamide/epidoxorubicin/etoposide). A 
total of 103 patients (70.1%) with a partial response were 
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randomized to continue with chemotherapy alone for a 
maximum of 6 cycles or chemotherapy plus Bev 7.5 mg/kg 
on day 1 every 21 days, until a maximum of 2 years. Disease 
control rate (DCR) at the end of the fourth chemotherapy 
cycle was used as a phase II endpoint, and was similar 
between groups (89.2% in the chemotherapy alone vs. 
91.9% in the combination group, P=1.0). After a median 
follow up of 37.7 months, PFS did not differ significantly 
between groups (5.5 vs. 5.3 months, P=0.82). Median OS 
was also similar between groups (13.3 vs. 11.1 months). In a 
biomarker analysis, neither serum VEGF nor soluble VEGF 
receptor titrations were either prognostic or predictive of 
Bev’s effect on outcome.

Recently, a study by Petrioli et al. evaluated 22 patients 
with chemonaive SCLC, who were treated with 3 cycles 
of cisplatin/etoposide followed by 3 cycles of cisplatin/
etoposide plus Bev 15 mg/kg for non-progressing patients. 
After completion of a total of six cycles of treatment, non-
progressing patients received oral etoposide plus Bev until 
disease progression. ORR was 77.2% and 9-month DCR 
was 36.3%. Median PFS was 7.8 months and median OS 
was 13.2 months (48).

Jalal et al. also reported a phase II trial in 34 pre-treated 
patients with chemosensitive relapsed SCLC treated with 
weekly paclitaxel plus biweekly Bev, with the option of 
maintenance Bev until disease progression. The median 
PFS was 14.7 weeks, ORR was 18.1% and median OS was 
30 weeks. Although the combination was relatively safe, it 
did not provide benefit compared with historical controls 
and the authors concluded that no further investigation is 
warranted (49).

In another trial by the Hellenic Oncology Research Group 
in patients with chemoresistant SCLC, the combination of 
paclitaxel with Bev produced a 20% ORR, median PFS of  
2.7 months and median OS of 6.3 months (50).

In an attempt to improve outcomes offered by topotecan 
as second line treatment of SCLC, Spigel et al. published the 
results of a phase II single arm trial of 50 patients with relapsed 
SCLC who were treated with oral topotecan 2.3 mg/m2  
on days 1–5 plus Bev 15 mg/kg given every 21 days. The 
primary endpoint of the study, 3-month PFS, was 65% 
which was promising compared with the historical control of 
50% (P=0.017) but did not meet the predefined criteria for 
clinically meaningful improvement (51).

Sunitinib

Sunitinib is a TKI which inhibits VEGF receptors, 

platelet-derived growth factor receptor (PDGFR), Flt-
3 and c-Kit. It is approved for use in renal cell carcinoma, 
gastrointestinal stromal tumors (GISTs) and advanced 
pancreatic neuroendocrine tumors. Sunitinib has been 
studied as maintenance treatment and as second line 
treatment in patients with SCLC, with mostly negative 
results.

In a phase II trial by Schneider et al., sixteen patients 
diagnosed with ED-SCLC who had not progressed after a 
maximum of four cycles of treatment with a platinum and 
etoposide regimen, were treated with sunitinib 50 mg orally 
once daily for four consecutive weeks followed by a two-
week rest period (6-week cycle). Treatment was continued 
until disease progression or unacceptable toxicity. The trial’s 
primary endpoint was 4-month PFS and median treatment 
duration was 4 weeks. Although no objective responses 
were observed, four patients (25%) achieved disease 
stabilization. Median PFS was 2.5 months and the 4-month 
PFS rate was 13%. The most commonly reported grade 
3/4 toxicities were thrombocytopenia (25%), fatigue (19%), 
muscle weakness (13%) and hypothyroidism (6%) (52). A 
possible drawback of this study was the 4/2 week sunitinib 
administration schedule, which could be considered 
suboptimal, as studies in renal cell carcinoma have shown 
that during the 2-week rest period, both VEGFRs levels 
and FDG avidity increase (65,66).

In another phase II maintenance trial by Spigel et al. (53),  
34 eligible patients with extensive stage SCLC were treated 
with carboplatin plus weekly irinotecan. Patients who 
achieved disease control were treated with sunitinib 25 mg 
daily until disease progression or unacceptable toxicity. 
The trial’s primary endpoint was 1-year survival rate. After 
a median follow up of 50 weeks, and a median duration of 
treatment of 9 weeks, partial response was noted in 56% of 
patients and complete response in 3%. One-year survival rate 
was 54%. 

More recently, the results of a larger randomized phase 
II trial by Cancer and Leukemia Group B (GALGB 30504) 
were published (54). In this trial, 138 patients with ED-
SCLC received 4–6 cycles of induction chemotherapy, 
consisting of a platinum salt plus etoposide. Ninety-five 
patients whose disease had not progressed were randomized 
to receive maintenance sunitinib (150 mg loading dose, then 
37.5 mg daily) or placebo until disease progression. Patients 
with objective response were offered prophylactic cranial 
irradiation (PCI), whereas patients progressing on placebo 
could cross over to sunitinib. The trial’s primary endpoint was 
PFS. Median PFS was 2.1 months for placebo vs. 3.7 months 
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for sunitinib (HR 1.62; 95% CI, 1.02–2.60; P=0.02), whereas 
median OS was 6.9 months for placebo vs. 9.0 months 
for sunitinib (HR 1.28; 95% CI, 0.79–2.10; P=0.16). 
Significantly more patients in the sunitinib arm experienced 
grade 3/4 adverse events compared with placebo, namely 
fatigue (19%), neutropenia (14%), leukopenia (7%) and 
thrombocytopenia (7%). 

Equally disappointing were the results of a Korean phase 
II study (55), which enrolled 25 patients with extensive-
stage SCLC who had progressed after a platinum-based 
regimen (62% refractory and 38% sensitive). Patients were 
treated with sunitinib 50 mg in a 4/2 week fashion, for a 
median of 6.8 weeks and were followed for a median of  
6 months. ORR was 9%, DCR was 39%, median PFS was 
1.4 months and median OS 5.6 months. The trial failed to 
meet its primary endpoint of a 35% ORR.

In summary, substantial toxicity caused by exposure to 
sunitinib in combination with marginal, clinically non-
meaningful benefits in ORR and PFS mean that further 
evaluation of this agent in SCLC is not warranted. 

Thalidomide

Thalidomide, although infamous for its teratogenic potential, 
has been in clinical use for several decades. It has been 
approved for use in multiple myeloma and has also been 
evaluated in SCLC and other malignancies. Its antineoplastic 
action is thought to be a result of its anti-angiogenic and 
immunomodulatory properties. Thalidomide appears to 
inhibit inflammation through suppression of NF-kB, COX-
2, TNF, IL-1 and IL-6 and stimulates T-cell activity and 
Th-1 cell differentiation. Although its immunomodulatory 
mechanism of action is well documented, its anti-
angiogenic role in SCLC is disputed, as it is believed that 
thalidomide’s anti-angiogenic effect could be a result of its 
anti-inflammatory action. SCLC is poorly infiltrated with 
inflammatory cells, so angiogenesis could be an irrelevant 
target. Moreover, thalidomide is thought to restore 
endothelial cell protease-activate receptor 1 expression (67), 
which in turn induces proliferation of alveolar capillary 
endothelial cells, thus stimulating angiogenesis. Decrease in 
tumor vascular permeability and interstitial fluid pressure and 
improvement in chemotherapy delivery formed the rationale 
for combining chemotherapy with thalidomide in several 
clinical trials.

In a French phase III randomized controlled trial by 
Pujol et al. (56), 119 patients with ED-SCLC were treated 
with 2 cycles of PCDE (cisplatin/cyclophosphamide/

epidoxorubicin/etoposide). Those who achieved an objective 
response (97 patients) were randomly assigned to receive 4 
additional cycles of PCDE plus oral thalidomide 400 mg/d or 
placebo. Median treatment duration did not differ between 
arms (4.5 months for placebo vs. 4.9 months for thalidomide). 
After a minimum follow up of 3 years, OS was longer with 
thalidomide than placebo, without achieving statistical 
significance (11.7 vs. 8.7 months). Of note, patients with PS 
1–2 derived a statistically significant survival benefit (HR 0.59; 
95% CI, 0.37–0.92; P=0.02). Similar results were observed 
for PFS (6.6 months for thalidomide vs. 6.4 months for 
placebo, HR 0.74; 95% CI, 0.49–1.12; P=0.15). Thalidomide 
was more toxic than placebo, as grade 2–4 neurotoxicity and 
constipation were three times higher in the thalidomide than 
in the placebo group and drug discontinuation was more 
frequent in the experimental arm.

In another phase III randomized controlled trial by Lee 
et al. (57), 724 patients (51% LD and 49% ED-SCLC) 
were randomized to receive carboplatin and etoposide plus 
thalidomide 100 mg daily (with the option of escalation 
up to 200 mg daily if well tolerated) or placebo. Thoracic 
radiotherapy and PCI were given to patients with objective 
response. The trial’s primary endpoint was OS. After a 
median follow-up of 37 months, OS was 10.5 months in the 
placebo group vs. 10.1 months in the thalidomide group. 
PFS and ORR were similar between groups. Although 
there was no difference in severe toxicity between groups, 
neurotoxicity, rash, constipation and thrombotic events 
were more frequent in the thalidomide group.

Other molecules

Ziv-aflibercept is a human fusion protein composed of high 
affinity binding domains from the extracellular domain of 
VEGFR1 and VEGFR2 fused to the Fc fragment of human 
immunoglobulin G1. Its mechanism of action involves 
binding to circulating VEGF-A, VEGF-B and placental 
growth factor. It has been approved for use in metastatic 
colorectal cancer. In the Southwest Oncology Group 
(SWOG) S0802 trial (58), 192 patients who had progressed 
after a platinum based regimen were randomly assigned to 
receive intravenous topotecan and ziv-aflibercept 6 mg/kg  
intravenously once every 21 days or topotecan alone. 
The trial’s primary endpoint was 3-month PFS and it 
was significantly prolonged for the combination than the 
topotecan arm (26% vs. 12%, P=0.01); median PFS was 1.6 
and 1.3 months respectively. In the subgroup of patients 
with platinum sensitive relapse, this difference was less 
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pronounced and did not reach statistical significance. Median 
OS was 5.4 months for the combination and 4.4 months 
for the topotecan alone arm, which was not statistically 
significant, regardless of platinum sensitivity. There were 
more grade 3–5 toxicities in the combination arm and the 
rate of discontinuation was higher as well (18% vs. 6%).

Vandetanib is an oral inhibitor of VEGFR2 and to a 
lesser extent of EGFR. In a trial by Arnold et al. 107 patients 
who had achieved objective response after a minimum of 
four cycles of platinum based chemotherapy were randomly 
assigned to maintenance treatment with vandetanib 300 mg 
daily or placebo. Two thirds of the study population had 
received thoracic radiotherapy. Median duration of treatment 
was 7 weeks for the vandetanib and 12 weeks for the placebo 
groups. After a median follow up of 13.5 months, the trial’s 
primary endpoint, PFS was similar between arms (2.7 months 
for vandetanib vs. 2.8 months for placebo, HR 1.01, P=0.51). 
OS was also similar between arms (10.6 vs. 11.9 months), 
but severe (grade 3–5) toxicity was more frequent in the 
vandetanib group. Adverse events of interest such as QTc 
prolongation, hypertension, diarrhea and rash were more 
frequent in the vandetanib arm (59). 

Cediranib is a small molecule inhibitor of VEGF receptors 
1–3. In a phase II trial it was evaluated in 25 patients in the 
second line setting. The drug was given at the 45 mg daily 
dose for the first 12 patients who entered the trial, but the 
dose was amended to 30 mg because of toxicity concerns. For 
the patients on the high dose level, median number of cycles 
received was less than one (each cycle consisted of 4 weeks of 
treatment), whereas the median number of cycles received at 
the low dose level was 2. No objective response was noted, 
but 13 patients (52%) experienced disease stabilization. 
Common toxicity involved nausea, vomiting, fatigue, 
diarrhea, proteinuria and hypertension (60).

Sorafenib is a multikinase inhibitor of both intracellular 
Raf kinases as well as VEGF receptors, PDGFR-b, c-kit, 
Flt-3 and RET. It has been approved for use in renal cell 
carcinoma, hepatocellular carcinoma (HCC) and well 
differentiated thyroid cancer. In the phase II SWOG 0435 
trial (61), 83 eligible patients with ED-SCLC progressing 
after platinum-based chemotherapy were treated with 
sorafenib 400 mg twice daily. ORR was 6% (11% for the 
platinum sensitive and 2% for the platinum refractory 
patients). Median PFS was 2 months and median OS was 5.3 
and 6.7 months for the platinum-refractory and platinum-
sensitive patients, respectively.

Pazopanib is a TKI that inhibits VEGFR-1, -2 and -3, 
PDGFR, FGFR-1 and -3 and c-kit. It is approved for use 

in metastatic renal cell carcinoma and advanced soft tissue 
sarcomas. In a phase II trial conducted by the Hellenic 
Oncology Research Group presented at the 16th World 
Conference on Lung Cancer (62), a two cohort design of 
platinum-sensitive and platinum-resistant disease was used. 
Patients progressing after one chemotherapy regimen (25% 
had limited stage disease) were treated with pazopanib 
800 mg daily. In the platinum-sensitive cohort, of the 39 
patients treated, 7 patients (18%) achieved partial response 
and 16 patients (41%) had stable disease, for a DCR of 
59%. Median PFS was 5.5 months and median OS was 8.0 
months. Accrual in the platinum-resistant cohort was not 
completed because of futility after the interim analysis. Of 
the 19 patients accrued, 1 patient (5.25%) achieved partial 
response and four stable disease. Median PFS was 2 months 
and median OS was 4 months.

Recently, a two-stage phase II study of nintedanib, an 
oral multikinase inhibitor, in patients with relapsed SCLC 
was published (63). Results were disappointing, as ORR was 
only 5%, PFS 1.0 months and OS 9.8 months and the trial 
was discontinued before full accrual. 

 Rovalpituzumab-tesirine is an antibody-drug conjugate 
(ADC) that binds to the ligand of delta-like protein 3 
(DLL3), an atypical Notch ligand that is highly expressed 
in approximately two-thirds of SCLCs (68). In a phase I 
trial, 73 patients with recurrent SCLC were treated with  
rovalpituzumab-tesirine; among 27 DLL3-high positive 
patients, 44% had a partial response and 34% achieved 
stable disease. Additionally, in the third-line setting, the 
response rate was 45% in patients whose tumors had 
DLL3-high expression (64). Accordingly, a trial with  
rovalpituzumab-tesirine in the third line setting and later 
(NCT02674568) has been initiated.

Discussion

Despite the existing biologic rationale for targeting 
angiogenesis in SCLC, results of clinical trials have been 
largely negative. This lack of efficacy and subsequent 
pessimism is reflected on the number of ongoing trials of 
such agents: a search at the clinicaltrials.gov website revealed 
only 3 trials of anti-angiogenesis agents in SCLC that are 
currently recruiting participants (maintenance pazopanib, 
NCT01797874; third line or later rovalpituzumab-tesirine, 
NCT02674568; cediranib combined with olaparib in various 
tumors including SCLC, NCT02498613) and clinical 
research interest has now shifted towards the manipulation of 
tumor-host immune interactions. 
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An important consideration when assessing the efficacy 
of anti-angiogenic strategies is the lack of predictive 
biomarkers. A subset of patients that derive benefit may exist 
but the inability to recognize them results in everyone being 
treated with the same agents: hardly a paradigm of precision 
medicine. Several biomarkers have been proposed, such as 
treatment-related hypertension, VEGF levels, circulating 
endothelial and endothelial progenitor cells levels, tumor 
endothelial markers and functional imaging, but none has 
been prospectively shown to select and accurately predict 
the response to angiogenesis inhibitors (69). Furthermore, 
despite the fact that several components of the VEGF 
pathway have been demonstrated to exhibit significant 
prognostic power in SCLC, none is used for risk stratification 
purposes in daily practice.

The lack of efficacy of angiogenesis inhibition in SCLC 
may be caused by the amplification of pro-angiogenic 
genes, the secretion of multiple pro-angiogenic factors, 
the promotion of tumor invasiveness and the activation of 
parallel pathways and mechanisms that bypass the tumor’s 
dependence on neovascularization for its progression. 
One proposed alternative mechanism, independent of 
the formation of endothelial vessels, is vasculogenic 
mimicry (VM) which describes the ability of tumor cells 
with “stemness” characteristics to independently form 
vascular networks and to promote invasion and metastatic 
potential (70). The main stimulus for VM is hypoxia 
and the process resembles epithelial-to-mesenchymal 
transition (EMT), since the tumor cells with stem-like 
plasticity adopt endothelial characteristics (71). Hypoxia 
promotes an undifferentiated cell state by the activation 
of a non-canonical crosstalk between HIF-1α and Notch 
signaling pathways and can further stimulate VM through 
the generation of mitochondrial reactive oxygen species 
(ROS) (72,73). In large-cell lung cancer (LCLC), VM 
has been associated with elevated expression of urokinase 
plasminogen activator receptor (uPAR), EMT-regulated 
Twist and Snail and poor prognosis. Additionally, in HCC, 
the Twist-mediated downregulation of miR-27a-3p is 
essential for metastasis and VM (74).

VM has been observed in SCLC, where it is driven by 
vascular endothelial (VE)-cadherin and it is correlated with 
poor survival (75). Interestingly, VE-cadherin expression 
has been demonstrated in SCLC circulating tumor cells 
as well, therefore indicating that VM may have a role in 
metastases formation (76). In summary, VM provides an 
escape mechanism to angiogenesis inhibition and may 
represent a potentially targetable process. 

Cancer stem cells (CSCs) are thought to be major 
contributors to the aggressive phenotype of SCLC (77). 
This heterogeneous and diverse pool of tumor cells has 
been linked with the production of pro-angiogenic signals 
such as VEGF-A (78). On the other hand, VEGF affects 
CSCs both by creating a perivascular niche for them and 
directly through neuropilin-1 in an autocrine loop (79). This 
interplay between angiogenesis and tumor initiating cells 
offers the rationale for combining anti-angiogenetic agents 
with drugs that target CSCs (80). Novel compounds, such as 
CVM-1118, targeting VM and the associated stem cell and 
drug resistance phenotypes are under development (81).

Besides targeting VM and CSCs, other novel alternative 
strategies in an effort to improve the results of anti-
angiogenesis therapy have been proposed. These include the 
use of metronomic chemotherapy that targets endothelial 
cells, the concurrent inhibition of multiple pro-angiogenic 
molecules, the disruption of tumor vasculature using DLL4 
inhibitors, the inhibition of the recruitment of bone marrow 
derived cells by the tumor, the blockade of neuropilins 
thus interrupting vessel maturation and the synchronous 
inhibition of factors that promote tumor progression, such 
as MET proto-oncogene, receptor tyrosine kinase (MET) 
(82,83). Importantly, simultaneous blockade of multiple 
mechanisms is crucial in order to effectively suppress 
redundant escape processes and to prevent the emergence 
of resistance and disease progression. 

Conclusions

In conclusion, results from a number of relatively small non-
randomized and a few randomized clinical trials indicate 
that contemporary strategies of angiogenesis inhibition 
are ineffective in controlling SCLC. The recognition of 
multiple escape mechanisms and the development and 
clinical evaluation of novel treatments may restore interest 
in pursuing these agents in this highly aggressive and lethal 
disease. These efforts should include predictive biomarkers 
in order to optimize clinical outcomes. 
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