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Inhibition of angiogenesis has been demonstrated to be an efficacious strategy in treating
several tumors. Vascular endothelial growth factor (VEGF) is the most important protein
with proangiogenic functions and it is overexpressed in small cell lung cancer (SCLC).
Bevacizumab, a monoclonal antibody directed against VEGF, showed a promising activity
in combination with etoposide and cisplatin as first-line treatment of patients with
extended stage (ES)-SCLC and two randomized studies confirmed that bevacizumab
improved PFS, but failed to prolong OS. Instead, disappointing results have been
observed with endostar, sunitinib, sorafenib, vandetanib, and thalidomide in
combination with chemotherapy in the first-line setting, with sunitinib in the
maintenance setting, with sunitinib, cediranib and nintedanib as single agents or ziv-
aflibercept in combination with topotecan in second-line setting. Only anlotinib improved
OS and PFS as third-line therapy in Chinese patients with SCLC, and it was approved with
this indication in China. Future challenges are the evaluation of the role of angiogenesis
inhibitors in combination with immune- checkpoint inhibitors and chemotherapy in SCLC
patients and the identification of predictive biomarkers of response to both agents.

Keywords: small cell lung cancer, angiogenesis, vascular endothelial growth factor, bevacizumab, anlotinib
INTRODUCTION

Lung cancer is the most frequent cause of tumor death worldwide. Small cell lung cancer (SCLC)
accounts for 10% to 15% of all lung cancers and tobacco is a universally recognized inducing factor
(1). In one third of cases SCLC presents as a limited stage disease confined in a hemi-thorax. In
about 70% of cases, SCLC is diagnosed in extensive stage, when the disease has already spread
elsewhere. Strategy for the treatment of SCLC has made no relevant progress in the last four decades
and the first-line standard therapy remained a combination of platinum compounds and etoposide
until few years ago (2). Despite a high response rate to first-line treatment, the recurrence is
generally unavoidable and the progression of disease becomes then rapid and invariably lethal.
Ultimately, novel immune check point inhibitors revealed efficacy in prolonging overall survival,
and they were included in the first-line treatment in combination with chemotherapy (3).
Angiogenesis is a crucial pathway exploited by many tumors to escape from the physiologic
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control and immune surveillance. Deregulated mechanisms of
angiogenesis confer to the tumor the capability of growing
indefinitely. Vascular endothelial growth factor (VEGF) is the
most important protein with proangiogenic functions (4). VEGF
family includes VEGF-A, which stimulates angiogenesis and
vascular permeability by binding to its receptors, VEGFR-1
(Flt-1) and VEGFR-2 (KDR/Flk1). VEGF-C and VEGF-D
bind to another receptor, VEGFR-3 (Flt-4), regulating
lymphangiogenesis. Inhibition of VEGF or VEGFR has been
demonstrated an efficacy strategy in treating several tumors,
including colon, stomach, breast, ovary, thyroid, kidney, liver,
and non-small-cell lung cancers. SCLC proliferation has been
demonstrated strictly dependent from microvessels formation
(5). Moreover, VEGF is over-expressed in SCLC, and it is
associated to poor prognosis. Therefore, inhibition of
angiogenesis could represent a promising strategy of treatment
for SCLC. In this review, we will summarize the main results
obtained by targeting angiogenesis pathway with a monoclonal
antibody anti VEGF (bevacizumab) or with small-molecule
tyrosine kinase inhibitors of VEGFR in SCLC.
BEVACIZUMAB IN SCLC

Bevacizumab is a humanized monoclonal antibody directed
against VEGF that binds to all circulating soluble VEGF-A
isoforms, preventing the interaction of VEGF-A with VEGFR
and thereby inhibiting the activation of VEGF signaling
pathways that promote neovascularization (6). Bevacizumab
blocks vessels growth, induces regression of newly formed
vessels, and normalizes the vasculature, facilitating the delivery
of cytotoxic chemotherapy, but it has also direct effects on tumor
cells (7). It was the first anti-angiogenetic treatment approved by
the Food and Drug administration (FDA) in combination with
chemotherapy for metastatic colon cancer, and then for different
other tumors including kidney, ovarian, lung cancer and
recurring glioblastoma multiforme (8, 9). Bevacizumab has also
been evaluated in SCLC with contrasting results, both in limited
and extended disease (Table 1).

In patients with LS-SCLC, a multicenter phase II trial of the
Minnie Pearl Cancer Research Network evaluated the activity of
bevacizumab as maintenance therapy following treatment with
carboplatin, irinotecan and concurrent radiation (10). From
August 2003 to October 2004, 57 patients were enrolled in this
study and received four cycles of carboplatin AUC 5 on day 1,
irinotecan 50 mg/m2 on days 1 and 8 and from the third cycle
radiotherapy 1.8 Gy daily for a total of 61.2 Gy. After four cycles,
if there was no progressive disease, patients received
bevacizumab 10 mg/kg every 14 days for ten cycles. Median
overall survival (OS) was 15 months; 1- and 2-year progression-
free survival (PFS) rates were 63% and 54%, respectively,
response rate was 80%. Two deaths were observed due to
respiratory failure; 9% of patients experienced G3-4 toxicity
during bevacizumab therapy, including deep vein thrombosis
and colon perforation. Therefore, this study did not support a
further evaluation of bevacizumab as maintenance therapy in
this setting of patients with LS-SCLC.
Frontiers in Oncology | www.frontiersin.org 2
 May 2021 | Volume 11 | Article 655316
T
A
B
LE

1
|
B
ev
ac

iz
um

ab
in

ES
-S
C
LC

.

A
ut
ho

r
R
eg

im
en

P
at
ie
nt
s

O
R
R

(%
)

M
ed

ia
n
T
T
P
/P

FS
(m

o
nt
hs

)
M
ed

ia
n
O
S

(m
o
nt
hs

)
1-
ye

ar
O
S

(%
)

G
ra
d
e
3-
4
to
xi
ci
ty

(%
)

S
p
ig
el

D
R

et
al
.,
LU

N
90

C
aI
B

51
84

9.
1

12
.1

51
Th

ro
m
bo

cy
to
pe

ni
a
(5
3)
,f
at
ig
ue

(3
1)
,d

eh
yd

ra
tio

n
(2
6)
,d

ia
rr
he

a
(2
1)
,

hy
pe

rg
ly
ce

m
ia
(2
1)
,p

ai
n
(2
1)

H
o
rn

L
et

al
.,
E
35

01
C
EB

63
63

.5
4.
7

10
.9

38
.1

N
eu

tr
op

en
ia
(5
7.
8)
,t
hr
om

bo
cy
to
pe

ni
a
(1
4.
1)
,f
at
ig
ue

(1
4.
1)

R
ea

d
y
N
E
et

al
.,

C
A
LG

B
30

30
6

C
IB

72
75

7.
0

11
.6

43
.8

N
eu

tr
op

en
ia
(2
5)
,d

ia
rr
he

a
(1
6)
,d

eh
yd

ra
tio

n
(1
2)
,t
hr
om

bo
cy
to
pe

ni
a
(1
0)
,

fa
tig

ue
(1
0)
,n

au
se
a
(1
0)

S
p
ig
el

D
A
et

al
.,

S
A
LU

T
E

C
a/
C
EB

vs
C
a/

C
E
P

10
2

58
vs

48
5.
5
vs

4.
4

9.
4
vs

10
.9

–
N
eu

tr
op

en
ia
(3
5)
,p

ne
um

on
ia
(5
.9
),
dy

sp
ne

a
(3
.9
),
th
ro
m
bo

cy
to
pe

ni
a
(4
),

hy
pe

rt
en

si
on

(5
.9
)

P
uj
o
lJ

L
et

al
.,
IF
C
T
-

08
02

C
T
vs

C
T
+
B

14
7

89
.2

vs
91

.9
,

p=
1.
00

5.
5
vs

5.
3,

p=
0.
82

13
.3

vs
11

.1
,

p=
0.
80

–
H
yp

er
te
ns

io
n
(4
0)
,t
hr
om

bo
si
s
(1
1)

T
is
eo

M
et

al
.,

FA
R
M
6P

M
FJ

M
C
EB

vs
C
EP

20
4

58
.4

vs
55

.3
,

p=
0.
65

7
6.
7
vs

5.
7,

p=
0.
03

9.
8
vs

8.
9,

p=
0.
11

37
vs

25
N
eu

tr
op

en
ia
(4
6.
3)
,f
at
ig
ue

(8
.4
),
hy
pe

rt
en

si
on

(6
.3
),
th
ro
m
bo

si
s
(5
.3
)

C
a,

ca
rb
op

la
tin
;C

,c
is
pl
at
in
;I
,i
rin

ot
ec

an
;E

,e
to
po

si
de

;B
,b

ev
ac

iz
um

ab
;
P
,p

la
ce

bo
;C

T,
ch

em
ot
he

ra
py

ch
os

en
by

ea
ch

ce
nt
er
,c

is
pl
at
in

et
op

os
id
e
or

ci
sp

la
tin
-c
yc
lo
ph

os
ph

am
id
e-
ep

id
ox

or
ub

ic
in
-e
to
po

si
de

.

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Montanino et al. Angiogenesis Inhibitors in SCLC
Several phase II studies have been conducted to date with
bevacizumab in patients with ES-SCLC. The LUN90 trial was
a phase II study that evaluated the activity of the combination of
irinotecan, carboplatin, and bevacizumab in 51 patients with
histologically confirmed ES-SCLC enrolled from February 2006
to March 2007 (11). All patients received carboplatin AUC4
intravenously on day 1 and irinotecan at a dose of 60 mg/m2 on
days 1, 8, and 15, every 28 days for a maximum of six cycles.
Bevacizumab (10 mg/kg) was administered on days 1 and 15
every 28 days. Six cycles of chemotherapy and bevacizumab
were completed by 57% of patients. The ORR was 84%, with
median response duration of 6.4 months. Median PFS was 9.13
months (95% CI, 7.36–9.46 months), and median OS was 12.1
months (95% CI, 9.6–13.5 months); 1- and 2-year overall
survival rates were 51% and 14%, respectively. The treatment
was well tolerated without grade 3 or 4 bleeding or stroke.
However, two patients died due to infection, possibly related to
treatment and another patient died for liver failure. The most
frequent adverse events during combination were diarrhea and
hematological toxicity. Other potential treatment-related
toxicities were pulmonary embolism, acute renal failure and
grade 4 hypertension occurring in one patient each. The
subsequent Eastern Cooperative Oncology Group Study E3501
evaluated the activity of the combination of bevacizumab
(15 mg/kg) with cisplatin (60 mg/m2) on day 1, etoposide
(120 mg/m2) in ES-SCLC patients (12). Overall, 63 patients
were included in the study: the response rate was 63.5%. Median
PFS and OS were 4.7 and 10.9 months, respectively, that
compared favorably with historical controls. The 6-month
PFS was 30.2% and the 1-year OS was 38.1%. Patients with an
ECOG performance status (PS) greater than 0 had an increased
risk of progression or death compared with patients with PS of
0. Moreover, the relationship between baseline and changes in
plasma VEGF, soluble cell adhesion molecules, and basic
fibroblast growth factor and outcome was explored, but no
association was observed. Bevacizumab associated toxicities
included hypertension (7.8%), epistaxis (9.4%), grade 3
pulmonary hemorrhage in a patient and grade 3 abdominal
hemorrhage in another patient. Two grade 4 bevacizumab
associated adverse events were cardiac ischemia and
thromboembolism. Two patients died, one due to multiorgan
failure and one due to lung infection with grade 4 neutropenia.
Another phase II study evaluated a different schedule of
chemotherapy with cisplatin (30 mg/m2) and irinotecan (65
mg/m2) on days 1 and 8, in combination with bevacizumab (15
mg/kg) on day 1 every 21 days for six cycles (CALGB30306) in
72 patients with ES-SCLC (13). In this study, Bevacizumab was
not continued after chemotherapy. The ORR was 75%: 5% of
patients had a complete response and 70% a partial response.
Median PFS was 7.0 months and median OS was 11.6 months. It
was observed a significant association between the development
of hypertension and improved survival after adjusting for age
and performance status. In particular, OS was 10.7 months (95%
CI, 8.4–12.9) for patients not experiencing hypertension, while
it was 15.8 months (95% CI, 10.5–21.8 months) for patients
experiencing ≥grade 1 hypertension. However, 1-year OS was
Frontiers in Oncology | www.frontiersin.org 3
43.8%, less than the pre-specified value in the protocol of 57%:
therefore, the study did not meet the primary objective of
survival and this treatment regimen was considered not
worthy for additional investigation. Moreover, three patients
died during the study for pneumonitis, stroke, and heart failure.
In 2011 Spigel et al. published the results of SALUTE trial, the
first placebo-controlled, double blind, randomized multicenter
phase II clinical trial to assess the efficacy and safety of
bevacizumab added to doublet chemotherapy for treatment of
ED-SCLC, with ECOG PS 0–2 (14). Patients were randomly
assigned to receive bevacizumab plus chemotherapy or placebo
plus chemotherapy, and they received four cycles of cisplatin 75
mg/m2 or carboplatin AUC5 on day 1, etoposide 100 mg/m2 on
days 1 through 3 and bevacizumab at 15 mg/kg or placebo. After
four 21-day cycles, patients received a maintenance therapy
with bevacizumab or placebo: fifty-two patients were enrolled in
bevacizumab arm and 50 patients in placebo arm. Median PFS
was 4.4 months (95% CI, 4.2–4.9) in placebo arm and 5.5
months (95% CI, 4.5–6.7) in bevacizumab arm. An
exploratory subgroup analysis showed a PFS benefit in
patients who received bevacizumab plus carboplatin compared
with patients treated with bevacizumab plus cisplatin or placebo
plus either platinum type, although these results should be
interpreted with caution because the relatively small sample
sizes in the two cohorts. Moreover, the addition of bevacizumab
to chemotherapy did not lead to an improvement in OS, which
was 9.4 months versus 10.9 months in placebo and bevacizumab
group respectively. Grade 3 to 5 adverse events (AEs) occurred
more frequently in bevacizumab arm (75%) than in placebo arm
(60%). There were four deaths in the study, two in bevacizumab
group and two in placebo group, one of this death (a case of
hemoptysis) was attributed to bevacizumab. The role of
bevacizumab in SCLC patients who received two induction
cycles of chemotherapy was explored by a French,
randomized phase II to III study, the IFCT-0802 trial (15).
Responder patients were randomized to receive four additional
cycles of chemotherapy alone or in combination with
bevacizumab, followed by single-agent bevacizumab until
progression or unacceptable toxicity. The chemotherapy
regimen was chosen by each center and it included cisplatin
and etoposide or a four-drug regimen with cisplatin,
cyclophosphamide, epidoxorubicin, and etoposide. From
September 2009 to October 2011, 147 patients received two
cycles of chemotherapy, 103 of these were responders, and 74
were randomized to receive chemotherapy alone or
chemotherapy plus bevacizumab. There were no differences
between the two groups in PFS or OS. Median PFS was 5.5
months (95% CI, 4.9%–6.0%) in chemotherapy alone versus 5.3
months (95% CI, 4.8%–5.8%) in chemotherapy plus
bevacizumab group. Median OS, calculated from the date of
randomization, was 13.3 months (95% CI, 9.8%–16.6%) versus
11.1 months (95% CI, 8.7%–14.0%) in the chemotherapy alone
and chemotherapy plus bevacizumab arm, respectively.
Therefore, the triplet with bevacizumab did not improve
patient outcome compared to chemotherapy alone after
induction chemotherapy.
May 2021 | Volume 11 | Article 655316

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Montanino et al. Angiogenesis Inhibitors in SCLC
Finally, a randomized controlled phase III trial was conducted
by GOIRC-AIFA to definitively assess the efficacy of
bevacizumab in combination with first-line cisplatin plus
etoposide for the treatment of ED-SCLC (16). Two hundred
five patients from 29 Italian centers were randomly assigned in
the two arms and 204 patients were considered in the intention-
to-treat analysis: 103 patients received cisplatin 25 mg/m2 on
days 1 through 3, etoposide 100 mg/m2 on days 1 to 3 and
bevacizumab 7.5 mg/kg on day 1 every 3 weeks for six cycles; 101
patients received the same chemotherapy regimen without
bevacizumab. In case of cisplatin contraindications or toxicity
the investigators could use carboplatin AUC5 on day 1. In
experimental arm, bevacizumab as single agent was continued
as maintenance therapy until progression or for a maximum of
18 cycles including the first six cycles. Prophylactic cranial
irradiation (PCI) was allowed. No significant differences in
hematological toxicity was observed between the two arms,
while for non hematologic toxicity, grade 3 to 4 hypertension
was more frequent in bevacizumab than control arm (6.3%
versus 1.0%, p=0.057). The response rate was similar in the
two arms (55.3% for chemotherapy alone versus 58.4% for
experimental arm; HR, 1.13; 95% CI, 0.65–1.97; p = 0.657).
Chemotherapy with bevacizumab led to a small, but statistically
significant improvement in PFS (5.7 versus 6.7 months in the
standard and experimental arm, respectively; HR, 0.72; 95% CI,
0.54–0.97; p = 0.030). However, no difference in OS was
observed: median OS was 8.9 versus 9.8 months, and 1-year
survival rate was 25% versus 37% (HR, 0.78; 95% CI, 0.58–1.06;
p = 0.113) in chemotherapy alone group versus chemotherapy
plus bevacizumab, respectively. The delivery of PCI was
associated with a survival benefit (HR, 0.53; 95% CI, 0.29–0.98;
p = 0.034). A subgroup analysis showed a statistically significant
interaction for OS between treatment and sex: the addition of
bevacizumab to chemotherapy led to a significant survival benefit
in men and to a possible detrimental effect in women. Moreover,
a significant effect on OS was observed with the maintenance
treatment with bevacizumab (HR, 0.60; 95% CI, 0.40–0.91;
p=0.011), generating the hypothesis that a sequential treatment
with bevacizumab could be a better and safer strategy to deliver
antiangiogenic drugs in SCLC.
OTHER ANGIOGENESIS INHIBITORS
IN SCLC

Other antiangiogenic agents, including antibodies (ziv-
aflibercept) and small molecules agents (rh-endostatin,
vandetanib, sunitinib, sorafenib, cediranib, nintedanib,
thalidomide, and anlotinib) have been tested in SCLC (Table 2).

Ziv-aflibercept
Ziv-aflibercept is a recombinant fusion protein that targets the
vascular endothelial growth factor (VEGF) receptors that play a
key role in tumor growth and metastasis. In a phase II trial, this
drug was evaluated in pretreated SCLC patients in combination
with weekly topotecan (17). Overall, 189 patients were
Frontiers in Oncology | www.frontiersin.org 4
randomized to receive weekly topotecan 4 mg/m2 intravenously
(IV) with or without ziv-aflibercept 6 mg/kg IV every 21 days.
Patients were stratified as platinum-sensitive or platinum-
refractory. The 3-month PFS was improved by Ziv-aflibercept
only in patients who had platinum-refractory SCLC (27% versus
10%, p=0.02), but not in patients with platinum-sensitive disease.
Response rate was low, but disease control rate was slightly higher
with combination therapy than with topotecan alone (37% versus
18%; p=0.05 in platinum-sensitive disease; 25% versus 15%,
p=0.14 in patients with refractory disease). Moreover, no
difference in overall survival was observed and Ziv-aflibercept
increased grades 3 to 5 toxicity.

Endostar
Endostatin, the 20-kD internal fragment of the carboxyterminus
of collagen XVIII, was first identified in 1997 by Folkman et al. as
a potent inhibitor of angiogenesis, blocking endothelial cell
proliferation and migration, inducing endothelial cell apoptosis
and cell cycle arrest (18). Endostar, a novel recombinant human
(rh)endostatin purified in E. coli, was evaluated in a single-arm
phase II trial in combination with chemotherapy in patients with
extensive stage (ED) SCLC (19). Thirty-three patients were
treated with cisplatin 25 mg/m2 intravenously on days 1 to 3,
etoposide 120 mg/m2 intravenously on days 1 to 3 and Endostar
15 mg by IV infusion on days 1 to 14 every 3 weeks. The median
PFS (primary endpoint) was 5.0 months (95% CI, 4.2–5.6
months), and the 6-month PFS was 33.3%. Based on these
results, the addition of Endostar to chemotherapy was then
tested in a randomized phase II trial (20). One hundred forty
patients with ES-SCLC were randomized to chemotherapy alone
(cisplatin and etoposide) or rh-endostatin plus chemotherapy for
four to six cycles, followed by single-agent rh-endostatin until
progression or unacceptable toxicity. However, the trial failed to
demonstrate the superiority of the combination of rh-endostatin
plus chemotherapy. There was no difference between the two
arms in the incidence of non-hematological or severe
hematological toxicity.

Vandetanib
Vandetanib (ZD6474) is a multitarget tyrosine kinase inhibitor
targeting VEGFreceptor 2 (VEGFR-2), EGFR, VEGFR-3, and
RET (21). This TKI was first evaluated in a double-blind
randomized phase II trial as maintenance therapy in patients
with SCLC who have responded to chemotherapy (22). A total of
107 patients were randomly assigned to vandetanib 300 mg/die
or placebo arm. The trial failed to demonstrate the efficacy of
vandetanib as maintenance treatment: median PFS was 2.7 and
2.8 months for vandetanib and placebo, respectively (HR, 1.01;
80% CI, 0.75–1.36; one-sided p = 0.51). Moreover, patients
treated with vandetanib maintenance therapy had more
adverse events, in particular asymptomatic corrected QT
interval (QTC) prolongation. Another double blind, placebo-
controlled phase II trial was conducted with vandetanib in
combination with platinum and etoposide in previously
untreated extensive-stage small cell lung cancer (SCLC) (23).
Seventy-four patients were randomized to receive platinum
(cisplatin or carboplatin) with etoposide, in combination with
May 2021 | Volume 11 | Article 655316
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TABLE 2 | Other angiogenesis inhibitors in SCLC.

Median OS
(months)

1-year
OS (%)

Main toxicities

6 vs 4.6 – Fatigue, gastrointestinal, bleeding, pulmonary
4.6 vs 4.2 –

11.5 38.1 Fatigue, nausea, diarrhea, anorexia, mucositis
12.1 vs 12.4 50.0 vs

54.6
Neutropenia, anemia, weakness, vomiting

10.6
vs 11.9

– Gastrointestinal, rash, QT prolongation

13.24 vs 9.23 – Cardiac, hyperglycemia, hypertension
5.6 21 Thrombocytopenia, asthenia, neutropenia
8.2* – Thrombocytopenia, fatigue, muscle weakness, hypothyroidism

54 Thrombocytopenia, anemia, vomiting, fatigue, pain, dehydration
9 vs 6.9 62.6 vs

43.9
Fatigue, neutropenia, thrombocytopenia

7.4 25 Fatigue, anorexia, rash, diarrhea, neutropenia, weight loss,
bleeding

6 – Fatigue, diarrhea, hypertension, proteinuria, elevated liver
enzymes

9.8 – Elevated liver enzymes, anemia, thrombocytopenia, neutropenia,
anorexia, fatigue, diarrhea, vomiting

12.8* 51.7* Neuropathy, constipation, fatigue, rash, dyspnea pulmonary
embolism

10.1 42 Nausea, anorexia, drowsiness, rash

11.7 vs 8.7 49 vs 30 Neutropenia, anemia, neuropathy, constipation

10.1 vs 10.5 37 vs 41 Thrombosis, rash, constipation, neuropathy

7.3 vs 4.9 – Hypertension, anorexia, fatigue, elevation of liver enzymes,
bleeding,

5.8 – Hypertension, hand-foot syndrome, increased GGT°
10.0 – Hypertension, proteinuria
8.4 Hypertension, decreased platelet count, hand-foot syndrome
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Author Regimen Setting Patients ORR
(%)

Median TTP/PFS
(months)

Allen JW et al., 2014 Aflibercept + topo vs topo Pl-sensitive Pl-
refractory

83 2 vs 0 1.8 vs 1.3
106 2 vs 0 1.4 vs 1.4

Zhou ZT et al., 2011 CE + endostar First line 33 69.7 5.0
Lu S et al., 2018 CBDCA-VP16 + endostar vs

CBDCA-VP16
First line 140 75.4 vs

66.7
6.4 vs 5.9

Arnold AM et al., 2007 Vandetanib vs Placebo Maintenance 107 – 2.7 vs 2.8

Sanborn RE et al., 2016 Pl +E + vandetanib vs Pl+E First line 74 50 vs 65 5.62 vs 5.68
Han JY et al, 2012 Sunitinib Second line 25 9% 1.4
Schneider BJ et al., 2011 Sunitinib Maintenance 16 – 6.2*
Spigel DR et al., 2012 Sunitinib Maintenance 17 – 7.6*
Ready NE et al., 2015 Sunitinib vs placebo Maintenance 85 – 3.7 vs 2.1

Sharma N et al., 2014 CE plus concurrent and
sequential sorafenib

First line 18 47 –

Ramalingam SS et al.,
2012

Cediranib Second line 25 0 2

Han JY et al., 2016 Nintedanib Second line 24 5 1

Dowlati A et al., 2007 Thalidomide Maintenance 30 – 2.8

Lee SM et al., 2007 CT+ thalidomide followed by
thalidomide

First line and
maintenance

25 68 8.3

Pujol JL et al., 2007 PCDE + thalidomide vs
PCDE + placebo

First line 119 87 vs 84 6.6 vs 6.4

Lee SM et al., 2009 Ca + E + thalidomide vs Ca
+ E +placebo

First line 724 74 vs 72 7.6 vs 7.6

Cheng Y et al., 2018 Anlotinib vs placebo Third line 120 71.6 vs
13.2^

4.3 vs 0.7

Xu Y et al., 2019 Apatinib Third-fourth line 40 17.5% 3.0
Liu Y et al., 2020 Apatinib Third-fourth line 22 13.6% 5.4
Fan Y et al., 2021 Apatinib + camrelizumab Second-line 47 34% 3.6

Topo, topotecan; Pl, platinum; E, etoposide; C, cisplatin; Ca, carboplatin; PCDE, etoposide, cisplatin, cyclophosphamide, epidoxorub
* From the start of chemotherapy.
^ Disease control rate.
°Gamma-glutamyltransferase.
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vandetanib, 100 mg daily, or placebo, up to four total cycles (no
maintenance therapy allowed). Also, this trial was negative, with
a median time to progression (TTP) of 5.62 months in the
vandetanib arm versus 5.68 months in the placebo arm (p =
0.9518). Median overall survival was 13.24 versus 9.23 months
with vandetanib and placebo, respectively (p=0.45). Moreover,
the addition of vandetanib increased non hematological toxicity.

Sunitinib
Sunitinib is a small-molecule tyrosine kinase inhibitor that
inhibits VEGF receptors (VEGFRs), platelet-derived growth
factor receptor (PDGFR), Flt-3, and Kit (24). This drug was
first evaluated in an open label, single-arm phase II trial in ES-
SCLC patients progressed during or after at least a platinum
based chemotherapy (25). Patients received a starting dose of
sunitinib of 50 mg orally once daily in 6-week cycles composed of
a 4-week treatment period followed by 2 weeks off treatment
(schedule 4/2). Among the 25 enrolled patients, only two
reported a PR (ORR 9%); median PFS was 1.4 months (95%
CI, 1.1–1.7) and median overall survival was 5.6 months (95%
CI, 3.5–7.7), respectively. Moreover, 75% of patients presented
grade 3 or 4 toxicities. Therefore, sunitinib did not appear to
warrant further evaluation in the second-line setting. Sunitinib
was then evaluated in a single-institution phase II trial as
maintenance treatment at 50 mg daily in 16 patients after
response to platinum-based chemotherapy (26). Median PFS
from the start of sunitinib was 2.5 months (95% CI, 0.8–3.1) and
the trial was stopped for futility. Moreover, the drug was
discontinued in half of patients due to toxicity or request to
stop therapy. Another phase II study was conducted with
sunitinib at a lower dose (25 mg daily) as maintenance
treatment in 17 patients with ES-SCLC responding to first-line
chemotherapy with irinotecan (60 mg/m2, days 1, 8, 15) and
carboplatin (AUC = 4, day 1) for six cycles (27). The results of
this trial were encouraging, with a median time to progression of
7.6 months from the beginning of chemotherapy and a 1-year OS
of 54%. Moreover, the incidence of grade 3 to 4 toxicities was low
with this dose of sunitinib. The results of a randomized phase II
study with sunitinib as maintenance therapy has been reported
by Ready et al. (28). Patients with ES-SCLC without progression
after 4/6 cycles of platinum (cisplatin 80 mg/m2 or carboplatin
area under the curve of 5 on day 1) plus etoposide (100 mg/m2
per day on days 1 to every 21 days) were randomly assigned to
sunitinib at the dose of 37.5 mg or placebo until progression. A
total of 85 of 144 patients were randomized to maintenance
treatment. The median progression free survival was improved
with sunitinib from 2.1 to 3.7 months after randomization which
met the primary end-point for significance (HR, 1.62; 95% CI,
1.02–2.60; one-sided p=0.02). Median OS was not significantly
improved by sunitinib (6.9 months for placebo and 9.0 months
for sunitinib (HR, 1.28; 95% CI, 0.79–2.10; one-sided p = 0.16).
Grade 3/4 toxicity included fatigue (19%), neutropenia (14%),
decreased leucocytes (7%), and thrombocytopenia (7%). Finally,
another single-arm phase II study evaluated sunitinib as
maintenance treatment, with a loading dose of 150 mg
followed by 37.5 mg daily, in patients with SCLC who were
either chemo naive (ED) or have a sensitive relapse (29).
Frontiers in Oncology | www.frontiersin.org 6
Also, this study was closed early because of low accrual (only
9/48 patients required). Two patients achieved DCR at 8 weeks,
but significant toxicity was noted (pulmonary hemorrhage, G3
anorexia, diarrhea, thrombocytopenia).

Sorafenib
Sorafenib is a multi-target tyrosine kinase inhibitor of Raf kinase,
VEGFR, and PDGFR (24). This drug was tested in a phase II trial
to evaluate whether the combination of standard chemotherapy
with cisplatin and etoposide (EC) plus concurrent and sequential
sorafenib could prolong survival in patients with previously
untreated SCLC (30). A total of 18 patients were enrolled and
17 were treated with four cycles of EC plus concurrent sorafenib
200 mg orally bid. Those patients without progression continued
sorafenib 400 mg orally bid as maintenance for maximum of 12
months. The combination of EC and sorafenib showed a limited
activity, with an overall median survival of 7.4 months and 1 year
survival of 25% and significant toxicity, with a grade 5
gastrointestinal bleeding, pulmonary hemorrhage, and
neutropenia in 1 patient.

Cediranib
Cediranib is a potent and selective inhibitor of the VEGFR-1, -2,
and -3 and c-kit. It was evaluated in a phase II trial in patient
with refractory or recurrent SCLC (31). Twenty five patients
were enrolled, the first 12 patients were treated with a dose of
cediranib of 45 mg PO QD, the subsequent patients was treated
with a dose reduction to 30 mg PO QD, due to intolerance of the
higher dose. Treatment was given on a daily continuous
schedule. Tolerability was better with the lower dose (30 mg/
day). However, no objective responses were observed at either of
the dose levels of cediranib that failed to demonstrate activity in
pretreated SCLC patients.

Nintedanib
Nintedanib is a potent oral triple angiokinase inhibitor targeting
VEGFR1–3, PDGFR a-b, and FGFR 1–3 (32). Given the
potential activity through the inhibition of angiogenesis and a
favorable toxicity profile, it was evaluated in a phase II study in
patients with relapsed or refractory SCLC (33). Patients with ES-
SCLC who progressed during or after treatment with at least one
platinum-based chemotherapy were enrolled in this single-arm
phase II trial and received nintedanib 200 mg orally twice daily
every 4 weeks. A total of 24 patients were enrolled and 22 were
evaluated for response. The ORR was 5% (95% CI, 0.1–22.8). The
median PFS was 1.0 (95% CI, 0.9–1.1) month, and OS was 9.8
(95% CI, 8.4–11.2) months. Nintedanib had a manageable AE
profile, but a limited activity in relapsed or refractory SCLC.

Thalidomide
Thalidomide, a glutamic acid derivative, inhibits angiogenesis by
repression of key angiogenic genes and downregulation of
VEGFR and basic FGF secretion (34). In addition, preclinical
models have demonstrated synergistic activity when thalidomide
is combined with cytotoxic agents. Mall et al. reported a clinical
case of a long survival in a patient with ES-SCLC, treated with
chemotherapy and thalidomide, underlining the possible role of
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angiogenesis inhibitors in combination with traditional
chemotherapy in the SCLC (35). A phase II trial evaluated
thalidomide as maintenance therapy in 30 patients with ES-
SCLC who had received first-line chemotherapy without
progression disease (36). Patients received thalidomide 200 mg
daily starting 3 to 6 weeks after completion of chemotherapy. The
results showed that thalidomide was well tolerated, with grade 1
neuropathy in 27% of patients and only one case of grade 3
neuropathy. Median survival was 12.8 months (95% CI, 10.1–15.8
months) and 1-year survival 51.7% (95% CI, 32.5–67.9%).
Another single-arm phase II study evaluated the activity of the
combination of thalidomide and chemotherapy in 25
chemotherapy-naive patients with extensive stage or limited
stage SCLC (37). Patients were treated with carboplatin and
etoposide every 3 weeks for six cycles with concurrent
thalidomide 100 mg orally daily. The treatment with
thalidomide was continued as maintenance for up to 2 years.
The treatment appeared well tolerated and the results on survival
and tumor response rate with an ORR of 68% (95% CI, 46–85%),
including four complete remissions (20%) and 13 partial
remissions (48%) led to the initiation of a randomized phase III
trial (38). This prospective, randomized, double-blind, placebo-
controlled phase III study enrolled 119 patients who received two
courses of etoposide, cisplatin, cyclophosphamide, and
epidoxorubicin (PCDE). Responders (92 patients) were
randomized to receive four additional PCDE cycles plus
thalidomide (400 mg daily) or placebo. The study did not show
a statistically significant difference in survival, although patients
treated with thalidomide had a longer survival compared with
patients treated with placebo (median OS, 11.7 versus 8.7 months,
respectively; HR, 0.74; 95% CI, 0.49–1.12; p = 0.16). Patients with
a worst performance status (1 or 2) had a significantly longer
overall survival (HR, 0.59; 95% CI, 0.37–0.92; p = 0.02) and a
slower progression of disease (HR, 0.54; 95% CI, 0.36–0.87; p =
0.02) when received thalidomide, whereas the difference did not
reach statistical significance for the whole population (HR, 0.74;
95% CI, 0.49–1.12; p = 0.15). Neuropathy occurred more
frequently in the thalidomide than in the placebo group (33%
versus 12%, respectively). The combination of thalidomide plus
chemotherapy was then evaluated in a large randomized, double-
blind, placebo controlled phase III trial (39). A total of 724
patients were randomly assigned to receive placebo or
thalidomide 200 mg daily for up to 2 years with concomitant
etoposide and carboplatin every 3 weeks for up to six cycles.
Unfortunately, the combination of thalidomide plus
chemotherapy did not improve overall survival (10.5 versus
10.1 months for placebo and thalidomide, respectively, HR,
1.09; 95% CI, 0.93–1.27; p = 0.28), but it was associated with an
increased risk of thrombotic events, mainly pulmonary embolus
and deep vein thrombosis (19% versus 10% in thalidomide versus
placebo; HR, 2.13; 95% CI, 1.41–3.20; p < 0.001).

Anlotinib
Anlotinib is a new orally administered tyrosine kinase inhibitor
that targets vascular endothelial growth factor receptor (VEGFR),
fibroblast growth factor receptor (FGFR), platelet-derived growth
factor receptors (PDGFR) and c-kit, approved by China Food and
Frontiers in Oncology | www.frontiersin.org 7
Drug Administration (CFDA) in 2018 as third-line treatment for
advanced NSCLC on the bases of the ALTER 0303 study (40). In
this randomized phase III study anlotinib significantly prolonged
OS, PFS, and RR in 439 Chinese patients with advanced NSCLC,
progressing after second-line or further treatment. A subsequent
randomized, double-blind, placebo-controlled, phase II study was
conducted in 120 Chinese patients with advanced SCLC as a third-
line or beyond treatment (ALTER 1202 study) (41). Patients were
randomized in a 2:1 ratio to anlotinib (12 mg/daily, orally, 2 weeks
on and 1 week off) or placebo. The study met the primary end-
point (PFS): median PFS was 4.3 versus 0.7 months in the
anlotinib and placebo group, respectively (HR, 0.19; p<0.0001).
Moreover, anlotinib prolonged OS (7.3 versus 4.9 months) and
improved DCR (71.6% versus 13.2%). Grade 3 to 4 adverse events
were slightly more frequent in anlotinib than placebo group, with
hemoptysis being the most serious complication. Consequently,
anlotinib was approved as the standard third-line therapy for
patients with ES-SCLC by the CFDA in 2019. The activity and
safety of anlotinib for patients with ES-SCLC who failed at least
two lines of previous systemic therapy was recently confirmed by a
retrospective analysis conducted in Chinese patients (42). Overall,
79 elderly patients were evaluable: the ORR was 8.9% and DCR
was 69.6%. Median PFS was 3.0 months (95% CI, 2.02–3.98) and
median OS was 7.1 months (95% CI, 5.07–9.13). The more
frequent adverse events were: hypertension (40.5%), hand-foot
syndrome (31.6%), diarrhea (27.8%), anorexia (20.3%), fatigue
(17.7%), and weight loss (17.7%). Interestingly, a prolonged PFS
was observed in patients developing hypertension (4.35 versus
2.95 months, respectively; p=0.01) or hand-foot syndrome (4.20
versus 2.95 months, respectively; p=0.03).

Apatinib
Apatinib is a new potent oral inhibitor of VEGFR-2, c-kit, and c-
src that has demonstrated activity in Chinese patients with
hepatocellular carcinoma, gastric cancer, and also ES-SCLC
(43–46). A phase II, multicenter study evaluated the activity of
apatinib at 500 mg once daily in 40 patients with ES-SCLC who
had progressed after two or three previous therapies. An
objective response was observed in 17.5% patients; median PFS
and OS were 3.0 and 5.8 months, respectively. The safety profile
was acceptable, and no grade 5 AEs were reported (45). Similar
findings were reported by another smaller, single center, phase II
study, conducted in 22 patients with heavily pretreated ES-SCLC
treated with 500 mg apatinib. An objective response was
observed in 13.6% patients and a disease control rate in 95.5%
patients; median PFS and OS were 5.4 and 10.0 months,
respectively. No grade 4 and grade 5 AEs were observed.
Hypertension and proteinuria were the most common AEs.
Moreover, multivariate analysis showed that secondary
hypertension was an independent predictor of OS (p = 0.047)
(46). A subsequent multicenter, open-label, phase 2 trial
(PASSION) investigated the activity and safety of apatinib plus
camrelizumab (a PD-1 inhibitor that has demonstrated a
promising activity in patients with hepatocellular carcinoma),
in patients with ED-SCLC in progression after first-line platinum
based chemotherapy (47). A total of 59 patients were enrolled,
with 47 patients in the QD cohort (camrelizumab 200 mg every 2
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weeks plus apatinib 375 mg once daily). An objective response
was observed in 34% patients; median PFS and OS were 3.6 and
8.4 months, respectively. The toxicity profile was acceptable: the
most common severe AEs were hypertension, decreased platelet
count and hand-foot syndrome. This was the first phase 2 study
evaluating the combination of an immune checkpoint inhibitor
with anti-VEGFR in patients with advanced SCLC and the
reported positive results support further clinical studies of
camrelizumab plus apatinib in SCLC.
DISCUSSION

Treatment with angiogenesis inhibitors showed contrasting
results in patients with SCLC. In patients with LD-SCLC,
negative results were observed with bevacizumab as
maintenance therapy following treatment with carboplatin,
irinotecan, and concurrent radiation. In patients with ES-SCLC,
bevacizumab showed limited activity as first-line therapy, in
combination with carboplatin/cisplatin and irinotecan
(LUN90), or after two cycles of induction chemotherapy (IFCT-
0802 trial). On the contrary, a promising activity was observed in
the first-line setting with bevacizumab in combination with
etoposide and cisplatin and two randomized studies confirmed
that bevacizumab improved PFS, but not OS (SALUTE and
GOIRC studies). In particular, in the GOIRC study, a
significant overall survival advantage was observed in patients
treated with bevacizumab as maintenance treatment, supporting
the hypothesis of further testing antiangiogenic agents in the
maintenance setting. Instead, disappointing results have been
observed with the other antiangiogenic agents, with the
exception of anlotinib. In particular, negative results were
reported with endostar, sunitinib, sorafenib, vandetanib, or
thalidomide in combination with chemotherapy in the first-line
setting, with sunitinib as maintenance therapy, with sunitinib,
cediranib, and nintedanib as single agents or ziv-aflibercept in
combination with topotecan in second-line setting. A meta-
analysis of seven randomized controlled trials including 1322
patients concluded that treatment with angiogenesis inhibitors
was not associated with improvement of PFS, OS, and ORR, but
increased incidence of constipation and embolism in SCLC (48).
A subgroup analysis confirmed that bevacizumab improved only
PFS (HR, 0.73; 95% CI, 0.42–0.97; p = 0.04). Therefore, existing
data do not support currently the use of angiogenesis inhibitors in
SCLC, except for anlotinib that improved OS and PFS as third-
line therapy in Chinese patients with ES-SCLC and it was
approved with this indication in China. However, the scenario
of treatment of SCLC is quickly changing in the last few years, due
to the positive results observed with the combination of immune
checkpoint inhibitors plus chemotherapy in the first-line setting
and the recent approval by the Food and Drug Administration of
lurbinectedin in patients pretreated with platinum based
chemotherapy (3, 49). Is there still a place for angiogenesis
inhibitors in this new scenario of treatment of SCLC?
Preclinical studies have highlighted a consistent and complex
cross-talk between angiogenic molecules and immune cells.
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For instance, VEGF and HGF directly inhibit dendritic cells
maturation and hematopoietic cell differentiation into CD8+
and CD4+ T cells. Moreover, this molecule also enhances both
PD-L1/PD-1 expression and immunosuppressant cells
infiltration in tumor microenvironment, notably represented by
Treg cells and myeloid-derived suppressor cells (MDSCs). VEGF
also exerts a key role in modulating the expression of some
adhesion molecules on endothelial cells, thus limiting diapedesis
of certain immune cells into tumor bed (50). Taken together,
these data support the hypothesis of a direct inhibitory effect
exerted by angiogenic molecules on immune system. On the other
hand, evidences suggest that immuno-related pro-inflammatory
cytokines, such as IL-1, IL-6, and IL-17, and tumor-derived
chemokines may determine an augmented VEGF production
with the aforementioned results. Overall, these data highlight a
bi-directional crosstalk between angiogenic molecules and
immune system which eventually translates into tumor escape
from immune-surveillance (51). Since both anti-angiogenic drugs
and immuno-checkpoint inhibitors eventually results in a lower
immune-suppressive tumor microenvironment and taking into
account the aforementioned crosstalk, combined treatment with
these two strategies was performed, resulting in a synergistic
antitumor activity with major changes in tumor bed. In
melanoma patients, adding bevacizumab to ipilimumab
determined an augmented rate of CD8+ T cells and CD163+
dendritic macrophages, both on tumor tissue and in peripheral
blood samples. Interestingly, patients receiving ipilimumab plus
bevacizumab experienced also a major clinical benefit with a
significant efficacy of the combined treatment (52). Similar results
were also obtained in murine lung adenocarcinoma models
treated with anti-VEGFR2 (apatininb) and anti-PD-L1.
Compared with apatinib monotherapy, those treated with
combination strategy displayed a lower tumor growth, mainly
via higher CD8+ T cells infiltration, reduced Treg and MDSC
infiltration and lower PD-1/PD-L1 expression (53). To resume,
anti-angiogenic drugs increase immune-cell infiltration by
inducing vessel normalization and can enable more effector
cells, such as CD8+ T cells or natural killer cells, to become
activated upon tumor-cell recognition, while immunotherapies
can activate effector immune cells that can also secrete pro-
angiogenic factors, promoting vascular remodeling (Figure 1).
This strong biological rationale eventually translated into major
clinical benefits so far that this synergistic approach ultimately
gained the regulatory approval for several tumor histotypes
(54–57).

In mouse models of SCLC, combined treatment with anti-
VEGF and anti-PD-L1 agents significantly improved both PFS
and OS compared with anti-PD-L1 alone, anti-VEGF alone or
with standard combined cisplatin/etoposide chemotherapy.
Moreover, acquired resistance to immunotherapy was associated
with the PD-1/TIM-3 double-positive exhausted T-cell phenotype
in tumor bed and this phenomenon was further abrogated by
adding anti-VEGF targeted agents, thus highlighting a potential
role of anti-VEGF agents in reverting secondary resistance to
immunotherapy. Interestingly, PD-1/TIM-3 double-positive
exhausted T-cell phenotype was also found in blood samples of
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SCLC patients after progression to nivolumab (58). Since VEGFR
and PD-L1 are highly found in SCLC patients and taking into
account the aforementioned preclinical evidence, several ongoing
clinical trials are currently evaluating the efficacy of anti-
angiogenic plus immunotherapy agents in SCLC patients
(Table 3) (59). The phase II PASSION trial was one of the first
studies demonstrating the feasibility of this strategy in SCLC and
the promising clinical results observed in this trial support the
conduction of further clinical studies with angiogenesis and
immune checkpoint inhibitors in SCLC (47). A single-arm,
prospective study is currently ongoing with apatinib in
combination with camrelizumab, etoposide and cisplatin in first-
line treatment of ES-SCLC (ClinicalTrial.gov: NCT04490421).
Primary outcome is 1 year OS; the planned accrual is 45
patients. Estimated study completion date is February 2022. A
phase II-III trial is currently evaluating the activity of anlotinib
plus sintilimab (a PD-1 inhibitor which has already been tested
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with positive results in refractory classical Hodgkin lymphoma) in
second or above lines in Chinese SCLC patients (ClinicalTrial.gov:
NCT04192682). Primary endpoint is PFS, while secondary end
points are OS and ORR. Estimated enrollment is 40 patients.
Results are awaited for July 2021. The ETER701 is a phase 3 trial
evaluating the efficacy of anlotinib plus carboplatin and etoposide
plus placebo or TQB2450 (an anti-PDL1 antibody) versus
carboplatin or etoposide (ClinicaTrial.gov: NCT04234607). The
trial will enroll 738 naive extended SCLC patients. Anlotinib plus
TQB2450 or placebo will be administered as maintenance therapy
after the end of chemotherapy treatment. Primary end points are
PFS and OS. Results are awaited for January 2023. A phase 2 trial
is evaluating vorolanib, a potent oral tyrosine kinase inhibitor
which is active on VEGFR and PDGFR, as maintenance in
association with atezolizumab in patients with ES-SCLC with no
evidence of progression after 3 or 4 cycles of standard of care
therapy with carboplatin plus etoposide plus atezolizumab
FIGURE 1 | Interactions between angiogenesis and immune-checkpoint inhibitors. MDSC, myeloid-derived suppressor cell; TREG, T regulatory cells; iDC, inhibitory
dendritic cells; TAM, tumor-associated macrophages.
TABLE 3 | Ongoing trials with angiogenesis inhibitors in ES-SCLC.

Trial Phase Setting Pts Treatment Primary end
points

NCT04192682 Phase II/III Second or
subsequent line

40 Anlotinib + sintilimab PFS

NCT04234607 Phase III First line 738 Anlotinib + Carboplatin + Etoposide + TQB2450 vs Anlotinib + Carboplatin + Etoposide
+ Placebo vs Carboplatin + Etoposide

PFS; OS

NCT04073550 Phase III Second line 184 Anlotinib + topotecan vs placebo + topotecan PFS
NCT02875457 Phase III First line 100 Apatinib + etoposide + cisplatin vs placebo + etoposide + cisplatin PFS
NCT04490421 Phase III First line 45 Apatinib + etoposide + cisplatin + camrelizumab 1 year OS
NCT04254471 Phase II/III First line 313 Lucitanib + carboplatin + etoposide vs Placebo + Carboplatin + Etoposide AE (phase 2); PFS

(phase 3)
NCT04373369 Phase II First line,

maintenance
33 Vorolanib + atezolizumab after 3 or 4 cycles of carboplatin + etoposide + atezolizumab PFS
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(ClinicalTrial.gov: NCT04373369). Primary outcome measure is
PFS. Other trials are ongoing with new angiogenesis inhibitors in
combination with standard chemotherapy in patients with SCLC.

A number of clinical trials are also evaluating the efficacy of
anti-angiogenic agents in combination with chemotherapy in
SCLC. A phase 3 trial is currently evaluating the efficacy of
anlotinib plus topotecan versus placebo plus topotecan in SCLC
patients who have experienced a progression after platinum
treatment (ClinicalTrial.gov: NCT04073550). Primary end point
is PFS; 184 patients will be enrolled. Estimated end of trial is for
August 2022. A phase 3 trial is evaluating the efficacy of apatinib in
combination with etoposide and cisplatin versus placebo plus
etoposide and cisplatin in ES-SCLC patients (ClinicalTrial.gov:
NCT02875457). Primary outcome is PFS; the trial estimated
enrollment is of 100 patients. Results are awaited for October
2023. Lucitanib, another oral multi-tyrosine kinase inhibitor,
which targets VEGR, FGFR, and PDGFR, is currently under
investigation in a phase II-III trial in combination with
carboplatin plus etoposide versus carboplatin and etoposide plus
placebo (ClinicalTrial.gov: NCT04254471). Primary outcome in
the phase II part of the trial are adverse events; in the phase III part
of the trial, primary outcome is PFS. The estimated enrollment is
313 patients. Results are awaited for 2023.

Another relevant issue is the lack of predictive molecular
biomarkers to date for angiogenesis inhibitors. In 2015, Zhang
et al. demonstrated that lower serum levels of angiopoietin-2 in
SCLC patients correlated with better survival benefit and better
response to chemotherapy (60). Even though VEGF-expressing
cells and serum VEGF/VEGFR levels have been associated with
worse survival outcomes in some small studies performed in SCLC
patients (61, 62), these molecules failed to be identified as predictive
biomarkers for bevacizumab in the IFCT-0802 trial (15). Moreover,
no correlation was seen between vascular endothelial growth factor
genotypes and outcomes with vandetanib in combination with
chemotherapy in the LUN06- 113 study (23). Finally, to date no
predictive factors in response to immunotherapy for SCLC patients
Frontiers in Oncology | www.frontiersin.org 10
have been identified. In IMpower 133 trial, both PD-L1 expression
and TMB status poorly correlated with clinical outcomes of SCLC
patients treated with atezolizumab plus chemotherapy, making the
field of predictive biomarkers for combined therapies even more
challenging (63).
CONCLUSIONS

Angiogenesis inhibitors have demonstrated to date a limited
benefit in SCLC: bevacizumab improved PFS, but not OS when
combined to first-line chemotherapy and anlotinib prolonged OS
and PFS as third-line therapy in Chinese patients with ES-SCLC.
Ongoing trials with checkpoint inhibitors in combination with
chemotherapy and angiogenesis inhibitors should definitively
define the role of these agents in the first-line setting of treatment
of ES-SCLC. The identification of predictive biomarkers of
response to angiogenesis and immune-checkpoint inhibitors is
an important goal of future research to optimize the use of these
agents in SCLC.
AUTHOR CONTRIBUTIONS

Conceptualization, AMon and AMor. Writing—original draft
preparation, AMan, GC, GP, GE, AMor, and AMon. Writing—
review and editing, AMan, GC, GP, GE, VS, RC, CS, GB, MP, PC,
GPasc, NN, AMor, and AMon. Supervision, AMor. All authors
contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS

The authors are grateful to Dr. Alessandra Trocino, Librarian at
IRCCS “G. Pascale” of Naples, Italy, for the bibliographic assistance.
REFERENCES

1. Herbst RS, Heymach JV, Lippman SM. Lung Cancer. N Engl J Med (2008)
359:1367–80. doi: 10.1056/NEJMra0802714

2. Evans WK, Shepherd FA, Feld R, Osoba D, Dang P, DeBoer G. Vp-16 and
Cisplatin as First-Line Therapy for Small-Cell Lung Cancer. J Clin Oncol
(1985) 3:1471–7. doi: 10.1200/JCO.1985.3.11.1471

3. Esposito G, Palumbo G, Carillio G, Manzo A, Montanino A, Sforza V, et al.
Immunotherapy in Small Cell Lung Cancer. Cancers (2020) 12:2522.
doi: 10.3390/cancers12092522

4. Ferrara N, Gerbert HP, LeCouter J. The Biology of VEGF and its Receptors.
Nat Med (2003) 9:669–76. doi: 10.1038/nm0603-6

5. Stefanou D, Batistatou A, Arkoumani E, Ntzani E, Agnantis NJ. Expression of
Vascular Endothelial Growth Factor (VEGF) and Association With
Microvessel Density in Small-Cell and Non-Small-Cell Lung Carcinomas.
Histol Histopathol (2004) 19:37–42. doi: 10.14670/HH-19.37

6. Presta LG, Chen H, O’Connor SJ, Chisholm V, Meng YG, Krummen L, et al.
Humanization of an Anti-Vascular Endothelial Growth Factor Monoclonal
Antibody for the Therapy of Solid Tumors and Other Disorders. Cancer Res
(1997) 57:4593–9.

7. Ranieri G, Patruno R, Ruggieri E, Montemurro S, Valerio P, Ribatti D.
Vascular Endothelial Growth Factor (VEGF) as a Target of Bevacizumab in
Cancer: From the Biology to the Clinic. Curr Med Chem (2006) 13:1845–57.
doi: 10.2174/092986706777585059

8. Kazazi-Hyseni F, Beijnen JH, Schellens JH. Bevacizumab. Oncologist (2010)
15:819–25. doi: 10.1634/theoncologist.2009-0317

9. Sandomenico C, Costanzo R, Carillio G, Piccirillo MC, Montanino A, Di
Maio M, et al. Bevacizumab in Non Small Cell Lung Cancer: Development,
Current Status and Issues. Curr Med Chem (2012) 19:961–71. doi: 10.2174/
092986712799320673

10. Patton JF, Spigel DR, Greco FA, Liggett WH, Zubkus JD, Baskette M, et al.
Irinotecan (I), Carboplatin (C), and Radiotherapy (RT) Followed by
Maintenance Bevacizumab (B) in Thetreatment (Tx) of Limited-Stage Small
Cell Lung Cancer (LS-SCLC): Update of a Phase II Trial of the Minnie Pearl
Cancer Research Network. J Clin Oncol (2006) 24:abstr 7085. doi: 10.1200/
jco.2006.24.18_suppl.7085

11. Spigel DR, Hainsworth JD, Simons L, Meng C, Burris HA, Yardley DA, et al.
Minnie Pearl Cancer Research Network. Irinotecan, Carboplatin, and
Imatinib in Untreated Extensive-Stage Small-Cell Lung Cancer: A Phase II
Trial of the Minnie Pearl Cancer Research Network. JTO (2007) 2:854–61.
doi: 10.1097/jto.0b013e31814617b7

12. Horn L, Dahlberg SE, Sandler AB, Dowlati A, Moore DF, Murren JR, et al.
Phase II Study of Cisplatin Plus Etoposide and Bevacizumab for Previously
Untreated, Extensive-Stage Small-Cell Lung Cancer: Eastern Cooperative
May 2021 | Volume 11 | Article 655316

http://ClinicalTrial.gov
http://ClinicalTrial.gov
http://ClinicalTrial.gov
http://ClinicalTrial.gov
https://doi.org/10.1056/NEJMra0802714
https://doi.org/10.1200/JCO.1985.3.11.1471
https://doi.org/10.3390/cancers12092522
https://doi.org/10.1038/nm0603-6
https://doi.org/10.14670/HH-19.37
https://doi.org/10.2174/092986706777585059
https://doi.org/10.1634/theoncologist.2009-0317
https://doi.org/10.2174/092986712799320673
https://doi.org/10.2174/092986712799320673
https://doi.org/10.1200/jco.2006.24.18_suppl.7085
https://doi.org/10.1200/jco.2006.24.18_suppl.7085
https://doi.org/10.1097/jto.0b013e31814617b7
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Montanino et al. Angiogenesis Inhibitors in SCLC
Oncology Group Study E3501. J Clin Oncol (2009) 27:6006–11. doi: 10.1200/
JCO.2009.23.7545

13. Ready NE, Dudek AZ, Pang HH, Hodgson LD, Graziano SL, Green MR, et al.
Cisplatin, Irinotecan, and Bevacizumab for Untreated Extensive Stage Small-
Cell Lung Cancer: CALGB 30306, a Phase II Study. J Clin Oncol (2011)
29:4436–41. doi: 10.1200/JCO.2011.35.6923

14. Spigel DR, Townley PM, Waterhouse DM, Fang L, Adiguzel I, Huang JE, et al.
Randomized Phase III Study of Bevacizumab in Combination With
Chemotherapy in Previously Untreated Extensive-Stage Small-Cell Lung
Cancer: Results From the SALUTE Trial. J Clin Oncol (2011) 29:2215–22.
doi: 10.1200/jco.2010.29.3423

15. Pujol JL, Lavole A, Quoix E, Molinier O, Souquet PJ, Barlesi F, et al.
Randomized Phase II–III Study of Bevacizumab in Combination With
Chemotherapy in Previously Untreated Extensive Small-Cell Lung Cancer:
Results From the IFCT-0802 Trial. Ann Oncol (2015) 26:908–14. doi: 10.1093/
annonc/mdv065

16. Tiseo M, Boni L, Ambrosio F, Camerini A, Baldini E, Cinieri S, et al. Italian,
Multicenter, Phase III, Randomized Study of Cisplatin Plus Etoposide With or
Without Bevacizumab as First-Line Treatment in Extensive-Disease Small-
Cell Lung Cancer: The GOIRC-AIFA FARM6PMFJM Trial. J Clin Oncol
(2017) 35:1281–7. doi: 10.1200/JCO.2016.69.4844

17. Allen JW, Moon J, Redman M, Gadgeel SM, Kelly K, MackHanna PC, et al.
Southwest Oncology Group S0802: A Randomized, Phase II Trial of Weekly
Topotecan With and Without Ziv-Aflibercept in Patients With Platinum-
Treated Small-Cell Lung Cancer. J Clin Oncol (2014) 32:2463–70.
doi: 10.1200/JCO.2013.51.4109

18. O’Reilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, et al.
Endostatin: An Endogenous Inhibitor of Angiogenesis and Tumor Growth.
Cell (1997) 88:277–85. doi: 10.1016/s0092-8674(00)81848-6

19. Zheng-tao Z, Zhou F, Wei Q, Zou L, Qin B, Peng X. Phase II Study of
Cisplatin/Etoposide and Endostar for Extensive-Stage Small-Cell Lung
Cancer. Cancer Chemother Pharmacol (2011) 68:1027–32. doi: 10.1007/
s00280-011-1576-1

20. Lu S, Li L, Luo Y, Zhang L, Wu G, Chen Z, et al. Open-Label, Randomized
Phase II Controlled Study of rh-Endostatin (Endostar) in Combination With
Chemotherapy in Previously Untreated Extensive-Stage Small-Cell Lung
Cancer. JTO (2015) 10:206–11. doi: 10.1097/JTO.0000000000000343

21. Morabito A, Piccirillo MC, Falasconi F, De Feo G, Del Giudice A, Bryce J, et al.
Vandetanib, A Dual Inhibitor. Oncol (2009) 14:378–90. doi: 10.1634/
theoncologist.2008-0261

22. Arnold AM, Seymour L, Smylie M, Ding K, Ung Y, Findlay B, et al. Phase II
Study of Vandetanib or Placebo in Small-Cell Lung Cancer Patients After
Complete or Partial Response to Induction Chemotherapy With or Without
Radiation Therapy: National Cancer Institute of Canada Clinical Trials Group
Study Br.20. J Clin Oncol (2007) 25:4278–84. doi: 10.1200/JCO.2007.12.3083

23. Sanborn RE, Patel JD, Masters GA, Jayaram N, Stephens A, Guarino M, et al.
A Randomized, Double-Blind, Phase 2 Trial of Platinum Therapy Plus
Etoposide With or Without Concurrent Vandetanib (ZD6474) in Patients
With Previously Untreated Extensive-Stage Small Cell Lung Cancer: Hoosier
Cancer Research Network LUN06-113. Cancer (2017) 123:303–11.
doi: 10.1002/cncr.30287

24. Morabito A, De Maio E, Di Maio M, Normanno N, Perrone F. Tyrosine
Kinase Inhibitors of Vascular Endothelial Growth Factor Receptors in Clinical
Trials: Current Status and Future Directions. Oncologist (2006) 11:753–64.
doi: 10.1634/theoncologist.11-7-753

25. Han J-Y, Kim HY, Lim KY, Han JH, Lee YJ, Kwak MH, et al. A Phase II Study
of Sunitinib in Patients With Relapsed or Refractory Small Cell Lung Cancer.
Lung Cancer (2013) 79:137–42. doi: 10.1016/j.lungcan.2012.09.019

26. Schneider BJ, Gadgeel SM, Ramnath N, Wozniak AJ, Dy GK, Daignault S,
et al. Phase II Trial of Sunitinib Maintenance Therapy After Platinum-
Based Chemotherapy in Patients With Extensive-Stage Small Cell Lung
Cancer. J Thorac Oncol (2011) 6:1117–20. doi: 10.1097/JTO.0b013e
31821529c3

27. Spigel DR, Greco FA, Rubin MS, Shipley D, Thompson DS, Lubiner ET, et al.
Phase II Study of Maintenance Sunitinib Following Irinotecan and
Carboplatin as First-Line Treatment for Patients With Extensive-Stage
Small-Cell Lung Cancer. Lung Cancer (2012) 77:359–64. doi: 10.1016/
j.lungcan.2012.03.009
Frontiers in Oncology | www.frontiersin.org 11
28. Ready NE, Pang HH, Gu L, Otterson GA, Thomas SP, Miller AA, et al.
Chemotherapy With or Without Maintenance Sunitinib for Untreated
Extensive-Stage Small-Cell Lung Cancer: A Randomized, Double-Blind,
Placebo- Controlled Phase II study-CALGB 30504 (Alliance). J Clin Oncol
(2015) 33:1660–5. doi: 10.1200/JCO.2014.57.3105

29. Abdelraouf F, Smit E, Hasan B, Menis J, Popat S, van Meerbeeck JP, et al.
Sunitinib (SU11248) in Patients With Chemo Naïve Extensive Small Cell
Lung Cancer or Who Have a ‘Chemosensitive’ Relapse: A Single-Arm Phase II
Study (EORTC-08061). Eur J Cancer (2016) 54:35–9. doi: 10.1016/
j.ejca.2015.10.016

30. Sharma N, Pennell N, Nickolich M, Halmos B, Ma P, Mekhail T, et al. Phase II
Trial of Sorafenib in Conjunction With Chemotherapy and as Maintenance
Therapy in Extensive-Stage Small Cell Lung Cancer. Invest New Drugs (2014)
32:362–8. doi: 10.1007/s10637-013-0061-6

31. Ramalingam SS, Belani CP, Mack PC, Vokes EE, Longmate J, Govindan R,
et al. Phase II Study of Cediranib (AZD 2171), An Inhibitor of the Vascular
Endothelial Growth Factor Receptor, for Second-Line Therapy of Small Cell
Lung Cancer (NCI # 7097). J Thorac Oncol (2010) 5:1279–84. doi: 10.1097/
JTO.0b013e3181e2fcb0

32. Manzo A, Carillio G, Montanino A, Costanzo R, Sandomenico C, Rocco G,
et al. Focus on Nintedanib in NSCLC and Other Tumors. Front Med (2016)
3:68–77. doi: 10.3389/fmed.2016.00068

33. Han JY, Kim HY, Lim KY, Hwangbo B, Lee JS. A Phase II Study of Nintedanib
in Patients With Relapsed Small Cell Lung Cancer. Lung Cancer (2016)
96:108–12. doi: 10.1016/j.lungcan.2016.04.002

34. Gasparini G, Morabito A, Magnani E, Gattuso D, Capaccetti B, Alberti AM.
Thalidomide: An Old Sedative-Hypnotic With Anticancer Activity? Curr
Opin Investig Drugs (2001) 2:1302–8.

35. Mall JW, Philipp AW, Mall W, Pollmann C. Long-Term Survival of a Patient
With Small-Cell Lung Cancer (SCLC) Following Treatment With
Thalidomide and Combination Chemotherapy. Angiogenesis (2002) 5:11–3.
doi: 10.1023/a:1021546630577

36. Dowlati A, Subbiah S, Cooney M, Rutherford K, Mekhail T, Fu P, et al. Phase
II Trial of Thalidomide as Maintenance Therapy for Extensive Stage Small
Cell Lung Cancer After Response to Chemotherapy. Lung Cancer (2007)
56:377–81. doi: 10.1016/j.lungcan.2007.01.020

37. Lee SM, James L, Buchler T, Snee M, Ellis P, Hackshaw A. Phase II Trial of
Thalidomide With Chemotherapy and as Maintenance Therapy for Patients
With Poor Prognosis Small-Cell Lung Cancer. Lung Cancer (2008) 59:364–8.
doi: 10.1016/j.lungcan.2007.08.032

38. Pujol JL, Breton JL, Gervais R, Tanguy ML, Quoix E, David P, et al. Phase III
Double-Blind, Placebo-Controlled Study of Thalidomide in Extensive-Disease
Small-Cell Lung Cancer After Response to Chemotherapy: An Intergroup
Study FNCLCC Cleo04 IFCT 00-01. J Clin Oncol (2007) 25:3945–51.
doi: 10.1200/JCO.2007.11.8109

39. Lee SM, Woll PJ, Rudd R, Ferry D, O’Brien M, Middleton G, et al. Anti-
Angiogenic Therapy Using Thalidomide Combined With Chemotherapy in
Small Cell Lung Cancer: A Randomized, Double-Blind, Placebo-Controlled
Trial. J Natl Cancer Inst (2009) 101:1049–57. doi: 10.1093/jnci/djp200

40. Han B, Li K, Wang HQ, Zhang L, Shi J, Wang Z, et al. Effect of Anlotinib as a
Third-Line or Further Treatment on Overall Survival of Patients With
Advanced Non-Small Cell Lung Cancer: The ALTER 0303 Phase 3
Randomized Clinical Trial. JAMA Oncol (2018) 4:1569–75. doi: 10.1001/
jamaoncol.2018.3039

41. Cheng Y, Wang Q, Li K, Shi J, Liu Y, Wu L, et al. Overall Survival (OS) Update
in ALTER 1202: Anlotinib as Third-Line or Further-Line Treatment in
Relapsed Small-Cell Lung Cancer (SCLC). Ann Oncol (2019) 30:1738O.
doi: 10.1093/annonc/mdz264.002

42. Song PF, Xu N, Qin L. Efficacy and Safety of Anlotinib for Elderly Patients
With Previously Treated Extensive-Stage SCLC and the Prognostic
Significance of Common Adverse Reactions. Cancer Manag Re (2020)
12:11133–43. doi: 10.2147/CMAR.S275624

43. Li Q, Qin S, Gu S, Chen X, Lin L, Wang Z, et al. Apatinib as Second-Line
Therapy in Chinese Patients With Advanced Hepatocellular Carcinoma: A
Randomized, Placebo-Controlled, Double-Blind, Phase III Study. J Clin Oncol
(2020) 38:abstr 4507. doi: 10.1200/JCO.2020.38.15_suppl.4507

44. Kang Y-K, Kang WK, Di Bartolomeo M, Chau I, Yoon HH, Cascinu S, et al.
Randomized Phase III ANGEL Study of Rivoceranib (Apatinib) + Best
May 2021 | Volume 11 | Article 655316

https://doi.org/10.1200/JCO.2009.23.7545
https://doi.org/10.1200/JCO.2009.23.7545
https://doi.org/10.1200/JCO.2011.35.6923
https://doi.org/10.1200/jco.2010.29.3423
https://doi.org/10.1093/annonc/mdv065
https://doi.org/10.1093/annonc/mdv065
https://doi.org/10.1200/JCO.2016.69.4844
https://doi.org/10.1200/JCO.2013.51.4109
https://doi.org/10.1016/s0092-8674(00)81848-6
https://doi.org/10.1007/s00280-011-1576-1
https://doi.org/10.1007/s00280-011-1576-1
https://doi.org/10.1097/JTO.0000000000000343
https://doi.org/10.1634/theoncologist.2008-0261
https://doi.org/10.1634/theoncologist.2008-0261
https://doi.org/10.1200/JCO.2007.12.3083
https://doi.org/10.1002/cncr.30287
https://doi.org/10.1634/theoncologist.11-7-753
https://doi.org/10.1016/j.lungcan.2012.09.019
https://doi.org/10.1097/JTO.0b013e31821529c3
https://doi.org/10.1097/JTO.0b013e31821529c3
https://doi.org/10.1016/j.lungcan.2012.03.009
https://doi.org/10.1016/j.lungcan.2012.03.009
https://doi.org/10.1200/JCO.2014.57.3105
https://doi.org/10.1016/j.ejca.2015.10.016
https://doi.org/10.1016/j.ejca.2015.10.016
https://doi.org/10.1007/s10637-013-0061-6
https://doi.org/10.1097/JTO.0b013e3181e2fcb0
https://doi.org/10.1097/JTO.0b013e3181e2fcb0
https://doi.org/10.3389/fmed.2016.00068
https://doi.org/10.1016/j.lungcan.2016.04.002
https://doi.org/10.1023/a:1021546630577
https://doi.org/10.1016/j.lungcan.2007.01.020
https://doi.org/10.1016/j.lungcan.2007.08.032
https://doi.org/10.1200/JCO.2007.11.8109
https://doi.org/10.1093/jnci/djp200
https://doi.org/10.1001/jamaoncol.2018.3039
https://doi.org/10.1001/jamaoncol.2018.3039
https://doi.org/10.1093/annonc/mdz264.002
https://doi.org/10.2147/CMAR.S275624
https://doi.org/10.1200/JCO.2020.38.15_suppl.4507
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Montanino et al. Angiogenesis Inhibitors in SCLC
Supportive Care (BSC) vs Placebo + BSC in Patients With Advanced/
Metastatic Gastric Cancer Who Failed ≥2 Prior Chemotherapy Regimens.
Ann Oncol (2019) 30:V877–8. doi: 10.1093/annonc/mdz394.034

45. Xu Y, Huang Z, Lu H, Yu X, Li Y, Li W, et al. Apatinib in Patients With
Extensive-Stage Small-Cell Lung Cancer After Second-Line or Third-Line
Chemotherapy: A Phase II, Single-Arm, Multicentre, Prospective Study. Br J
Cancer (2019) 121:640–6. doi: 10.1038/s41416-019-0583-6

46. Liu Y, Hu X, Jiang J, Zhou S, Liu P, Li J, et al. A Prospective Study of Apatinib
in Patients With Extensive-Stage Small Cell Lung Cancer After Failure of Two
or More Lines of Chemotherapy. Oncol (2020) 25:e833–42. doi: 10.1634/
theoncologist.2019-0391

47. Fan Y, Zhao J, Wang Q, Huang D, Li X, Chen J, et al. Camrelizumab Plus
Apatinib in Extensive-Stage SCLC (PASSION): A Multicenter, Two-Stage,
Phase 2 Trial. J Thorac Oncol (2021) 16:299–309. doi: 10.1016/
j.jtho.2020.10.002

48. Li Q, Wu T, Jing L, Li M-J, Tian T, Ruan Z-P, et al. Angiogenesis Inhibitors for
the Treatment of Small Cell Lung Cancer (SCLC). A Meta-Analysis of 7
Randomized Controlled Trials. Medicine (2017) 96:e6412. doi: 10.1097/
MD.0000000000006412

49. Trigo J, Subbiah V, Besse B, Moreno V, López R, Sala MA, et al. Lurbinectedin
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