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of surufatinib in neuroendocrine tumors

(NETs)

Jianming Xu

Abstract: Neuroendocrine tumors (NETs) are rare, heterogeneous, often indolent tumors
that predominantly originate in the lungs and gastrointestinal tract. An understanding of
the biology and tumor microenvironment of NETs has led to the development of molecularly
targeted treatment options including somatostatin analogs, tyrosine kinase inhibitors,
mammalian target of rapamycin inhibitors and peptide receptor radionuclide therapy.
Although increases in progression-free survival have been demonstrated, most currently
approved NET therapies are limited by the development of tumor resistance. Surufatinib
(HMPL-012, previously known as sulfatinib) is a new, oral, small-molecule tyrosine kinase
inhibitor that potently inhibits vascular endothelial growth-factor receptor 1-3, fibroblast
growth-factor receptor 1, and colony-stimulating-factor-1 receptor. This unique combination
of molecular activities inhibits tumor angiogenesis, regulates tumor-immune evasion, and
may decrease tumor resistance. Surufatinib demonstrated statistically significant, clinically
meaningful antitumor activity, including tumor shrinkage, in two phase Il studies recently
completed in China in advanced pancreatic NETs and advanced extrapancreatic NETs. The
safety profile of surufatinib in neuroendocrine tumors studies was consistent with previous
surufatinib clinical studies. In an ongoing study in United States (US) patients with NETs

of pancreatic origin and NETs of extrapancreatic origin previously treated with everolimus
or sunitinib, surufatinib has also demonstrated promising efficacy. Furthermore, the
pharmacokinetic and safety profile of surufatinib in US patients is similar to data collected in
studies done in China. These positive phase Il results support the efficacy of surufatinib in
patients with advanced, progressive, well-differentiated NETs regardless of tumor origin.
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Introduction

Neuroendocrine tumors (NETSs) are rare, hetero-
geneous, often indolent tumors that predomi-
nantly originate in the lungs and gastrointestinal
(GI) tract but can also originate in other organs,
or be of unknown origin.! While rare, the inci-
dence of NETs has been steadily increasing over
the past 5decades.?* Poorly differentiated NET's
are neuroendocrine carcinomas. Well-
differentiated NET's are classified into three his-
tologic categories based on the World Health
Organization (WHO) 2019 classification.” Grade
1 (G1) NETs are well-differentiated, low-grade

tumors that are more indolent and have a mitotic
rate (mitoses/2 mm?) of <2 and a Ki-67 index of
<3%. Grade 2 (G2) NETSs are well-differenti-
ated, intermediate-grade tumors with a mitotic
rate of 2—20 and a Ki-67 index of 3-20%. Grade
3 (G3) NETs are well-differentiated, high-grade,
more aggressive tumors with a mitotic rate of >20
and a Ki-67 index of >20%. NETSs can also be
classified based on hormonal secretion. Functional
NETs, in contrast to nonfunctional NETs, can
produce peptide hormones and vasoactive sub-
stances, including serotonin.® These functional,
secretory NETs can cause carcinoid syndrome

DOI: 10.1177/
17588359211042689

© The Authorl(s), 2021.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Jianming Xu

Department of
Gastrointestinal Oncology,
The Fifth Medical Center,
Chinese PLA General
Hospital, No. 8 East Street,
Fengtai District, Beijing
100071, China
jmxu2003f@yahoo.com

journals.sagepub.com/home/tam

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:jmxu2003@yahoo.com

Therapeutic Advances in Medical Oncology 13

that results in diarrhea, flushing, and heart valve
issues due to chronic elevation of serotonin
levels.”

An understanding of the biology and tumor micro-
environment of NET's has led to the development
of molecularly targeted treatment options. For
example, some NETs are characterized by high
expression of somatostatin receptors.® Somatostatin
receptor signaling regulates the proliferation of
these tumors and the characteristic hormone pro-
duction of functional NETs.® Therefore, somato-
statin analogs (SSAs) have been developed to treat
these symptoms. Similarly, the phosphatidylinosti-
tol-3-kinase (PI3K)/protein kinase B (Akt) and
mammalian target of rapamycin (mTOR) pathway
are overexpressed in NET's. mTOR is shown to be
involved in NET progression through actions on
proliferation, angiogenesis and metabolism.8
Mutations in the mTOR pathway have also been
found in NETs of pancreatic origin (pNETS),
spurring the development of inhibitors of this path-
way as a treatment option for NET's.?

NETSs are among the most heavily vascularized
tumors, and express many pro-angiogenic mole-
cules, including vascular endothelial growth fac-
tor (VEGF), fibroblast growth factor (FGF), and
platelet-derived growth factor (PDGF).® This
knowledge has led to the development of antian-
giogenic VEGF inhibitors to treat NETs.

Another hallmark of NETs is their ability to evade
the immune system, which contributes to tumor
progression. Immune cell infiltration, including
tumor-associated macrophages (TAMs), is shown
to be involved in immune evasion and tumor devel-
opment and progression.l® Colony-stimulating-
factor 1 (CSF-1) promotes macrophage recruitment
to the tumor microenvironment and activation of
TAMs.10 In one study, when a mouse model of
pancreatic islet cancer was crossed with a CSF-1-
deficient mouse, there was a decrease in tumor bur-
den, and TAM levels were decreased by 50% in the
pNETs that did develop.!°® Adaptation of tumors to
VEGTF inhibition may be mediated by macrophage
recruitment via overexpression and deposition of
the matrix protein periostin, and therefore, the
authors of this study encouraged clinical testing of
molecules that inhibit both VEGF receptor
(VEGFR) and CSF-1 receptor (CSF-1R).!!

Upregulation of programmed cell-death receptor
1 (PD-1) and programmed cell-death ligand
(PD-L1) has also been implicated as another

mechanism of local tumor-immune evasion.!?
PD-1 overexpression decreases the antitumor
activity of T cells. This local immune suppression
in NETs, through infiltration of TAMs or upreg-
ulation of PD-1 on T cells, can contribute to
tumor progression and is an independent predic-
tor of poor prognosis.!?> Development of PD-1
inhibitors is designed to promote activation of
cytotoxic T cells to attack tumors.!2 Combination
therapies that enhance tumor susceptibility to
immune-checkpoint inhibitors are currently being
studied; however, current data have been disap-
pointing in well-differentiated NET's.14

There is a clear unmet medical need for effective
treatment options for NET's, given the increasing
incidence, poor prognosis, and advanced stage at
diagnosis. In addition, studies are needed to
determine the optimal sequence of current thera-
pies and the impact of combinations of therapies
on efficacy and safety. In this review, we will dis-
cuss current therapies for NETs, their mecha-
nism of action and limitations, based on
knowledge of the biology and microenvironment
of the tumor. Finally, we will introduce suru-
fatinib, a new treatment with multiple mecha-
nisms of action that targets both tumor
angiogenesis and immune system evasion.

Current therapies

Surgery is the best choice for NETs if diagnosed
early. For metastatic or unresectable NETs,
beside locoregional therapies, debulking surgery,
and potentially liver transplantation,!> there are
several systemic treatment options including
SSAs that modulate hormone and growth-factor
release, tyrosine kinase inhibitors with antiangio-
genic properties, inhibitors of the PI3K/Akt and
mTOR signaling pathway that is implicated in
unregulated cell growth in NETs, peptide recep-
tor radionuclide therapy (PRRT), and cytotoxic
agents (Table 1). Newer therapies, which are
being tested for treatment of NETS, include cyto-
toxic chemotherapy agents and inhibitors of PD-1
and its ligand.16:17

Somatostatin analogs: octreotide

and lanreotide

High-affinity SSAs, with increased half-life com-
pared with somatostatin, bind to somatostatin
receptors expressed by NETs and suppress the
secretion of hormones and growth factors by
these tumors.!® Expression of somatostatin
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Table 1. Current therapies for treatment of NETs.

Drug class Drug Target Mechanism of action Route of administration
SSAs
Octreotide Somatostatin receptors 2,5  Antisecretory, antiproliferative Intramuscular,
subcutaneous injection
Lanreotide Somatostatin receptors 2,5  Antisecretory, antiproliferative Subcutaneous injection

Tyrosine kinase inhibitors

Sunitinib VEGFR 1-3 inhibition Antiangiogenic, antiproliferative Oral
mTOR inhibitors

Everolimus PI3K/AKT, mTOR inhibition Antiangiogenic, antiproliferative Oral
PRRT

177Lu-DOTATATE  Somatostatin receptors Targeted delivery of radionuclides to tumor cells Infusion
Chemotherapeutics

Streptozotocin Alkylating agent Cytotoxic Infusion

Temozolomide Alkylating agent Cytotoxic Infusion

Capecitabine Antimetabolite Cytotoxic Infusion

771 u, lutetium-177; Akt, protein kinase B; mTOR, mammalian target of rapamycin; NET, neuroendocrine tumor; PI3K, phosphatidylinostitol-3-
kinase; PRRT, peptide receptor radionuclide therapy; SSA, somatostatin analog; VEGFR, vascular endothelial growth factor receptor.

receptors 2 and 5 is common in NETs, and these
receptors modulate hormone and growth-factor
release, angiogenesis, and other functions.!® SSAs
are first-line therapy for well-differentiated G1 or
G2 tumors with somatostatin receptor expression
and are approved as treatment for the hormonal-
induced syndromes, including carcinoid syn-
drome, associated with functional NETs. The
PROMID and CLARINET studies demonstrated
the antiproliferative effects of SSAs in patients
with well-differentiated NETs.2? Side effects of
this class of drugs include GI disturbances and
hyperglycemia, and patients may develop gall-
bladder issues with long-term treatment.8?2!
Significantly, treatment with SSAs results in
tumor stabilization in 50% of patients.?> However,
the majority of patients treated with SSAs will go
on to experience tumor progression.23

Octreotide is an octapeptide SSA available in a
formulation for subcutaneous administration with
an action that lasts for 8-12h. It is also available in
a long-acting release form given intramuscularly
once every 28days.2! Octreotide has high affinity
for somatostatin receptors 2 and 5, which are
highly expressed in NET's, and works primarily by

inhibiting somatostatin-stimulated secretion of
hormones and growth factors. In the PROMID
study, in patients with advanced well-differentiated
midgut NETSs, median time to tumor progression
was 14.3months in the octreotide group and
6 months in the placebo group (hazard ratio, 0.34).24
Octreotide is indicated for treatment of carcinoid
syndrome and functional pancreatic NETs and rec-
ommended to control growth of NETs.15

Lanreotide was developed to support the need for a
longer-acting SSA. Lanreotide is a cyclic octapep-
tide SSA, administered by subcutaneous injection.
Lanreotide sustained release has a half-life of
4.5 days and lanreotide autogel, an aqueous formu-
lation supplied in prefilled syringes, is administered
every 28 days.!8 Like octreotide, lanreotide has high
affinity for somatostatin receptors 2 and 5. In the
CLARINET study, patients with advanced G1 or
G2, enteropancreatic, somatostatin receptor-posi-
tive NETS, treated with lanreotide, had a prolonged
progression-free survival (PFS).25> Lanreotide is
approved to treat unresectable, well- to moderately
differentiated, locally advanced or metastatic gas-
troenteropancreatic NETSs, in addition to treat-
ment of carcinoid syndrome.2%15
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Tyrosine kinase inhibitor: sunitinib

Sunitinib is an oral receptor tyrosine kinase
inhibitor indicated for the treatment of progres-
sive, well-differentiated pNETSs in patients with
unresectable, locally advanced or metastatic
disease. It predominantly targets VEGFRs but
also blocks multiple other receptors.8:2°
Sunitinib is indicated for the treatment of
pNETs only. Sunitinib improved PFS and
objective response rate (ORR) as compared
with placebo in patients with advanced, well-
differentiated pancreatic NETs.2?” Common
adverse events (AEs) associated with adminis-
tration of sunitinib include diarrhea, neutrope-
nia, and abdominal pain.?® Activation of FGF
receptor (FGFR)-1 and CSF-1R is a potential
mechanism of tumor resistance to this and other
VEGFR inhibitors.1®

Mammalian target of rapamycin

[mTOR) inhibitor: everolimus

Everolimus is an oral rapamycin analog which
inhibits the PI3K/Akt and mTOR signaling path-
way through direct interaction with mammalian
target of rapamycin complex 1 (mTORC1).2°
Activation of the mTOR pathway has been shown
to play a role in the proliferation of NETs.?° In
the RADIANT studies, patients treated with
everolimus with carcinoid syndrome or functional
NETs, advanced pNETsS, and GI and lung NET's
without carcinoid syndrome had prolonged
PFS.2% Recent evidence suggests that everolimus
may also control symptoms in patients with func-
tioning NETs.3% Everolimus is currently approved
for the treatment of NETSs originating from the
pancreas, GI tract, and lungs in patients with pro-
gressive disease. Everolimus is being tested in
combination with other NET therapies including
newer SSAs (pasireotide), monoclonal anti-
VEGF antibodies (bevacizumab), cytotoxic
agents (temozolomide), multi-kinase inhibitors
(sorafenib), and PRRT.?° Adverse events associ-
ated with administration of everolimus include
stomatitis, rash, fatigue, infection, pulmonary
toxicities, hyperglycemia, anemia, and thrombo-
cytopenia.?® Resistance to everolimus can develop
due to the suppression of mTORCI1, resulting in
an increase in PI3K/Akt activity. Partial blockade
of mMTORCI1 and lack of mammalian target of
rapamycin complex 2 (mTORC2) blockade may
also contribute to drug resistance. New treat-
ments that inhibit both mTORC1 and mTORC2
are in development.3!

Peptide receptor radionuclide

therapy (PRRT): '77Lu-DOTATATE
1"Lu-DOTATATE belongs to a class of NET
therapies referred to as PRRT.32 These therapies
enable targeted delivery of radiation to the tumor
through a radionuclide linked to a chelating mole-
cule and a peptide receptor ligand. For NETsS, the
peptide ligand is an SSA. 1"7Lu-DOTATATE
binds to type 2 somatostatin receptors via octreo-
tide, is internalized, and delivers beta radiation to
the cell via lutetium-177. In the NETTER-1
study, treatment with 177 Lu-DOTATATE resulted
in an increased PFS in patients with advanced
midgut NETs.33 177Lu-DOTATATE is a treat-
ment option for tumors that have progressed on
SSA therapy. The major toxicity associated with
this therapy is kidney proximal tubule injury.3+

Cytotoxic chemotherapy

Cytotoxic chemotherapy can play a role in the
treatment of bulky tumors, or tumors with exten-
sive metastases at initial diagnosis, or NET dis-
ease that has progressed on first-line SSAs.
Potential treatments include streptozotocin, a
cytotoxic antitumor drug for symptomatic or
advanced pNETSs. Streptozotocin is used alone or
in combination with other agents including 5
fluorouracil, an anti-metabolite, or doxorubicin,
which is of limited use because of its risk of car-
diotoxicity with a cumulative dose.!” Another
cytotoxic chemotherapeutic agent used to treat
NETs is temozolomide. Temozolomide is typi-
cally administered alone or in combination with
capecitabine, although these are not approved
therapies for NETs. In a meta-analysis, the com-
bination of temozolomide and capecitabine was
found to be effective with acceptable toxicity for
the treatment of advanced NETs.?> Studies to
support approved use of this combination chemo-
therapy or temozolomide alone are ongoing.3%-37

Other NET therapies in development

Multiple new therapies are in clinical develop-
ment for the treatment of NETs. There are sev-
eral tyrosine kinase inhibitors with activity against
VEGFR along with added receptor pharmacolo-
gies, including platelet-derived growth-factor
receptor (PDGFR) and FGFR.1® For example,
lenvatinib is an oral, multi-receptor tyrosine
kinase inhibitor that targets VEGFR1-3, FGFR1-
4, PDGFRa, and stem cell factor receptor (KIT)
and rearranged during transfection (RET).
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Pazopanib is another oral tyrosine kinase inhibi-
tor that targets VEGFR1-3, FGFRI1-3,
PDGFRa, PDGFRp, and KIT. There are also
therapies in clinical development that inhibit
immune checkpoints by targeting PD-1 or
PD-L1, based on studies that show high expres-
sion of PD-L1 in NETs.!?

Combination therapies

Given the information on the molecular biology
of NETs, available therapeutic options with dif-
ferent mechanisms of action are being combined
in clinical studies to improve efficacy and over-
come tumor resistance. However, the potential
for increased toxicity of combination therapies
also needs to be considered. In addition, the
question of simultaneous administration wversus
the most efficacious sequencing of therapeutic
administration remains to be addressed. To
date, most combination therapy studies for the
treatment of NETs have been exploratory and
have not been tested in phase III registration
studies.

One example of combination therapies being
tested in the clinic is the monoclonal antibody
directed against VEGF, bevacizumab, in combina-
tion with chemotherapeutic agents such as temo-
zolomide or capecitabine.2® While phase II studies
showed clinical activity and an acceptable safety
profile of this combination,3® the results have not
been demonstrated in a phase III study yet.
Administration of everolimus and sunitinib is
designed to act on both the mTOR pathway and
VEGTF signaling. However, only sequential treat-
ment with everolimus and sunitinib has been stud-
ied in patients, and there was no significant
difference in median PFS or overall survival, no
matter which treatment was administered first.3°
The combination of PRRT with other types of
therapeutic agents is another area of research
aimed at improving patient response.*® For exam-
ple, the combination of PRRT and chemotherapy
resulted in disease control in 38-55% of patients
(depending on the imaging technique used), where
either treatment alone had failed.*! However,
despite the increased interest and increasing num-
ber of studies combining PRRT with other thera-
pies, there has yet to be any breakthrough in patient
outcomes.*? Finally, the combination of everoli-
mus and lanreotide, compared with everolimus
alone, is currently being tested in a phase III trial
that started in April 2020 in Japan.*3

Surufatinib

Background

A primary issue with current treatments for NET's
is the development of tumor resistance. For
example, resistance to tyrosine kinase inhibitors
that block tumor angiogenesis may result from
the induction of other pro-angiogenic pathways
including FGFR and CSF-1R and include the
participation of TAMs.!3 Two recently completed
phase III studies of surufatinib, a new, oral, small-
molecule inhibitor of VEGFR1-3, FGFRI1, and
CSF-1R, combines the inhibition of FGFR,
which is known to be involved in resistance to
VEGFR blockade, and the inhibition of CSF-1R
to decrease tumor-immune evasion.44>

Mechanism of action and preclinical data
Surufatinib (HMPL-012, previously known as
sulfatinib) is an oral, small-molecule tyrosine
kinase inhibitor that potently inhibits VEGFRI1
(IC5,=0.002 pmol/l), VEGFR2 ACs,=
0.024 umol/1l), VEGFR3 (IC,,=0.001 umol/l),
FGFR1 (IC5, 0.015 umol/l), and CSF-1R (IC5,=
0.004 umol/1).4647 In preclinical studies, the
antiangiogenic and antitumor activity of suru-
fatinib was demonstrated.#%47 This unique com-
bination of molecular activities inhibits tumor
angiogenesis and regulates tumor-immune eva-
sion (Figure 1; Table 2).

Phase [ surufatinib clinical study

In a phase I study of surufatinib [ClinicalTrials.gov
identifier: NCT02133157], the pharmacokinetics
(PK), maximum tolerated dose (MTD), tumor
response, safety, and recommended dose for phase
II studies (RP2D) were evaluated in 77 patients with
advanced solid tumors in a Chinese population.4°
PK evaluation showed no increase in drug exposure
from a 300mg to 350mg once daily (QD) dose of
surufatinib, warranting no further dose escalation.
Thus, the MTD of surufatinib was not reached
(NR) at doses up to 350mg QD. Nine patients,
including eight with NET's, had a confirmed partial
response. A total of 15 patients, including 10 with
NETsS, achieved stable disease. This study included
21 patients with advanced NET's who were treated
with surufatinib formulation 2. Surufatinib showed
robust clinical activity in these patients, with an ORR
of 38.1%, disease control rate (DCR) of 85.7%, and
a median PFS of 16.9months [95% confidence
interval (CI), 9.5 to NR].46
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Figure 1. Surufatinib acts as a novel angio-immune kinase inhibitor by blocking activation of VEGFR1,

VEGFR2, VEGFR3, FGFR-1, and CSF-1R.

CSF-1R, colony-stimulating factor-1 receptor; FGFR, fibroblast growth-factor receptor; ICs, half maximal inhibitory
concentration; TAM, tumor-associated macrophage; VEGFR, vascular endothelial growth-factor receptor.

Table 2. Summary of surufatinib characteristics.

Novel mechanism of action targeting VEGFR1, VEGFR2, VEGFR3, FGFR1, and CSF-1R

Demonstrated clinical efficacy in phase | and Ib/ll studies in NET patients

Demonstrated clinical efficacy in two double-blind, placebo-controlled phase Il studies in patients with
well-differentiated G1/G2 pNETs and patients with G1/G2 epNETs

Clinical efficacy is not dependent on tumor origin

Demonstrated efficacy in populations in US and China

Tolerable safety profile

CSF, colony-stimulating factor; epNET, extrapancreatic neuroendocrine tumor; FGFR, fibroblast growth factor receptor;
G1, grade 1; G2, grade 2; NET, neuroendocrine tumor; pNET, pancreatic neuroendocrine tumor; US, United States; VEGFR,

vascular endothelial growth factor receptor.

Surufatinib was well tolerated up to 350mg QD in
this study. The most common AEs reported were
similar to those seen with other VEGFR inhibitors
and included proteinuria, hypertension, and diar-
rhea. The RP2D based on PK, safety and tolera-
bility, and preliminary efficacy data in this phase I
study was determined to be 300mg QD.

Phase Ib/Il surufatinib clinical study
In a multicenter, single-arm, open-label phase Ib/II
study, patients with advanced, well-differentiated

NETsS, including both pNET's and extrapancreatic
NETs (epNETs), were enrolled at seven Chinese
clinical centers to further assess the safety and effi-
cacy of surufatinib.*® The primary endpoints in this
study were investigator-assessed safety and ORR.
Secondary endpoints included DCR, duration of
response, PFS, safety, and PK. In the pNET cohort
of 42 patients, the ORR was 19% (95% CI,
9-34%), and the DCR was 91% (95% CI, 77—
97%). In the epNET cohort of 39 patients, the
ORR was 15% (95% CI, 6-31%), and the DCR
was 92% (95% CI, 79-98%). The median PFS
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was 21.2months (95% CI, 15.9-24.8) in pNET
patients and 13.4months (95% CI, 7.6-19.3) in
epNET patients. The most common treatment-
related AEs were proteinuria, diarrhea, and hyper-
tension; again, similar to angiogenesis inhibitors.
Dose modification and supportive care were used
to manage AEs in this study.

Five circulating proteins including VEGF-A,
FGF23, macrophage CSF (M-CSF), soluble
VEGFR2 (sVEGFR-2), and basic FGF (bFGF)
associated with the molecular actions of suru-
fatinib were evaluated for changes and outcome
association during this phase Ib/II study of suru-
fatinib.*® Increases in circulating VEGF-A,
FGF23, and M-CSF, and decreases in sVEGFR-2
were demonstrated in the study.*® Changes in
these four proteins were consistent with previous
studies with relevant kinase inhibitors.#® These
data suggest that circulating VEGF-A, FGF23,
M-CSF, and sVEGFR-2 have the potential to be
pharmacodynamic biomarkers for these drug tar-
gets. Interestingly, while bFGF levels increased in
other tumor types with antiangiogenic drugs,3%51
bFGF levels did not increase with surufatinib
treatment in this study. The differential changes
in bFGF, although they were measured in patients
with different tumor types, suggest that increased
FGF/FGFR signaling might not be the dominant
mechanism for resistance to surufatinib.*8
Furthermore, higher sVGEGFR-2 and lower bFGF
levels at baseline associated with longer median
PFS in the surufatinib study.8

Phase Il surufatinib clinical studies

Surufatinib was tested in a Chinese population in
two double-blind, placebo-controlled, phase III
clinical studies conducted in parallel. The patient
populations, for the two phase III surufatinib stud-
ies were separated into those with pNETSs and
those with epNETs. Inclusion criteria included an
Eastern Cooperative Oncology Group performance
status of 0 or 1 and progression on no more than
two types of previous systemic regimens for
advanced disease.*»%> Surufatinib in Advanced
Pancreatic NeuroEndocrine Tumors (SANET-p)
tested the efficacy of surufatinib in pNETsS.
Surufatinib in Advanced Extrapancreatic Neuro
Endocrine Tumors (SANET-ep) tested the effi-
cacy of surufatinib in epNETS.

Surufatinib in advanced pancreatic neuroendocrine
tumors (SANET-p). SANET-p was a multicenter,
randomized, double-blind, placebo-controlled

phase III study conducted in 21 hospitals in
China [ClinicalTrials.gov identifier: NCTO
2589821].4* Surufatinib was tested in 172 adults
with progressive, advanced, well-differentiated
pancreatic NETs, G1 or G2, with progression on
two or fewer previous systemic regimes for
advanced disease. The study included patients
with aggressive pNET's with poor prognosis, and
most patients had G2 tumors with liver metastasis
and involvement of multiple organs. Patients with
functional NETs that required treatment with
long-acting SSAs, progression on other therapies
that act on the VEGF system, clinically significant
comorbidities, unstable brain metastases, or G3
tumors were excluded from the study. At the pre-
planned interim analysis, a total of 113 patients
were randomized to the surufatinib group, and 59
patients were randomized to the placebo group.

In the SANET-p study, patients were given
300 mg surufatinib or placebo QD. The primary
endpoint for the study was PFS as assessed by
study investigators in the intention-to-treat popu-
lation (including all randomized patients).
Secondary outcomes included ORR, DCR, tumor
shrinkage, time to response, duration of response,
overall survival, and safety. This phase III study
met its predefined early stopping success criteria
at the preplanned interim analysis and was termi-
nated based on recommendations from the inde-
pendent data monitoring committee (IDMC).
According to the investigator assessment at the
interim analysis, the median PFS rate in patients
treated with surufatinib was 10.9 months versus
3.7months for placebo (hazard ratio, 0.49; 95%
CI, 0.32-0.76; p=0.0011), demonstrating that
surufatinib was superior to placebo in the
SANET-p study (Figure 2).52 PFS also benefited
surufatinib across major subgroups in the
SANET-p study (Figure 3).52

The safety profile of surufatinib in the SANET-p
study was consistent with previous surufatinib
clinical studies.*%48 The most common grade 3 or
worse treatment-related AEs were hypertension,
proteinuria, hypertriglyceridemia, and diarrhea.

The investigators attribute the statistically signifi-
cant, clinically meaningful antitumor activity of
surufatinib in the SANET-p study to its unique
multipronged mechanism of action including
inhibition of VEGF, FGF, and CSF-1 signaling.

While the efficacy in phase III trials is comparable
between surufatinib and sunitinib in pNET
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Figure 2. Progression-free survival in the SANET-p study (investigator-assessed).
Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival; SANET-p, surufatinib in advanced pancreatic

neuroendocrine tumor.
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Figure 3. Progression-free survival benefit favored surufatinib across major subgroups in the SANET-p study

(investigator-assessed).

CgA, chromogranin A; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; NET,
neuroendocrine tumor; PFS, progression-free survival; SANET-p, surufatinib in advanced pancreatic neuroendocrine

tumors; SSA, somatostatin analog; ULN, upper limit of normal.

patients, the kinase inhibition profile and the
safety profile are somewhat different. Both inhibit
VEGFR (1-3) and CSR-1; however, sunitinib
does not possess significant inhibitory activity
against FGFR-1.53 Other than diarrhea, which is
a treatment-emergent AE reported in both suru-
fatinib and sunitinib trials, the most common
grade 3 or greater treatment-related AEs associ-
ated with surufatinib were hypertension (38%),
proteinuria (10%), and hypertriglyceridemia
(7%).4* For sunitinib, the most common grade 3
or greater treatment-related AEs were neutrope-
nia (12%), hypertension (10%), and hand and

foot syndrome (6%).2” Median PFS in pNET
patients treated with sunitinib was 11.4months
versus 5.5months in the placebo group (hazard
ratio, 0.42; 95% CI, 0.26 to 0.66; p<<0.001) and
the ORR was 9.3% (95% CI, 3.2-15.4).?7 In
comparison, median PFS in surufatinib-treated
pNET patients was 10.9 months versus 3.7 months
for placebo (hazard ratio, 0.49; 95% CI, 0.32—
0.76; p=0.0011) and the ORR was 19% (95%
CI, 12-28%).4* In addition to efficacy in pNETs,
we describe the SANET-ep trial in the next sec-
tion, where surufatinib also demonstrated superi-
ority to placebo in patients with epNETs.45
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Figure 4. Progression-free survival in the SANET-ep study (investigator-assessed).
Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival; SANET-ep, surufatinib in advanced extrapancreatic

neuroendocrine tumors.

Surufatinib in advanced extrapancreatic neuroen-
docrine tumors [SANET-ep). SANET-ep was a
randomized, double-blind, placebo-controlled
phase III study conducted in 24 hospitals in
China [ClinicalTrials.gov identifier: NCT02588
170] in parallel with the SANET-p study.*> This
was the first controlled phase III study demon-
strating the efficacy of an antiangiogenic treat-
ment in epNETs. Surufatinib was tested in 198
patients with unresectable or metastatic, well-dif-
ferentiated G1 or G2 epNETs. Patients in the
SANET-ep study had a range of primary tumor
sites including GI tract (albeit low numbers of
patients with midgut NETs and carcinoid syn-
drome), lung, thymus gland or mediastinum,
liver, other, and unknown origin.%> Patients with
functioning NETs that required treatment with
long-acting SSAs, progression on therapies that
act on the VEGF system, or unstable brain metas-
tases were excluded from the study. At the pre-
planned interim analysis, a total of 129 patients
were randomized to the surufatinib group, and 69
patients were randomized to the placebo group.

In the SANET-ep study, patients were given
300 mg oral surufatinib or placebo QD. The pri-
mary endpoint for this study was investigator-
assessed PFS. The secondary outcomes for the
SANET-ep study were the same as those estab-
lished for the SANET-p study. This study, like the
SANET-p study, met its early stopping success
criteria at the preplanned interim analysis and was
terminated based on the recommendation of the
IDMC. According to investigator assessment at
the interim analysis, the median PFS in patients

treated with surufatinib was 9.2months versus
3.8 months for placebo (hazard ratio, 0.33; 95%
CI, 0.22-0.50), demonstrating that surufatinib
was superior to placebo in the SANET-ep study
(Figure 4).5¢ PFS also benefited surufatinib across
major subgroups including tumor origin in the
SANET-p study (Figure 5).5¢

US phase | study of surufatinib. In an ongoing
study in US patients with pNETs and epNETSs
previously treated with everolimus and/or suni-
tinib, surufatinib has also demonstrated promis-
ing efficacy.’® In addition, the PK and safety
profile in US patients is similar to data collected
in studies done in China.*%%> As of January 2020,
the ORR was 9.4% in a heavily pretreated patient
population.>>

Combination therapy with surufatinib

Given the efficacy and safety profile of surufatinib
alone and its characterized molecular activities,
several studies are planned to evaluate the co-
administration of surufatinib with drugs that
inhibit PD-1 to evaluate the safety and efficacy of
this combination.

A phase I study [ClinicalTrials.gov identifier:
NCTO03879057] being conducted in China is
evaluating the safety, tolerability, PK, and effi-
cacy of surufatinib in combination with JS001
(toripalimab), a humanized anti-PD-1 monoclo-
nal antibody, in patients with advanced solid
tumors including NETs. Preliminary results indi-
cate that the individual PK profiles of the drugs in
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Figure 5. Progression-free survival benefit favored surufatinib across major subgroups in the SANET-ep study

(investigator-assessed).

Tumor origin: A: jejunum, ileum, duodenum, thymus, cecum; B: lung, stomach, liver, appendix, colon, rectum; C: others or

unknown origin.

CgA, chromogranin A; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; NET,
neuroendocrine tumor; PFS, progression-free survival; SANET-ep, surufatinib in advanced extrapancreatic neuroendocrine

tumors; SSA, somatostatin analog; ULN, upper limit of normal.

combination were comparable with those of suru-
fatinib or toripalimab alone from previous clinical
studies. The combination of drugs was well toler-
ated with no unexpected safety concerns. For the
21 NET patients, including those with G1 and
G2 tumors (4 patients), G3 tumors (4 patients),
and neuroendocrine carcinoma (13 patients), the
ORR was 23.8% and the DCR was 81.0%.5¢

Another study is planned to evaluate the safety
and efficacy of Innovent’s TYVYT® (sintilimab
injection), a fully humanized anti-PD-1 monoclo-
nal antibody, in combination with surufatinib, in
China, in patients with advanced solid tumors.
TYVYT® is an immunoglobulin G4 monoclonal
antibody, which binds to PD-1 molecules on the
surface of T cells, blocks the PD-1/PD-L1 path-
way, and reactivates T cells to kill cancer cells.
The primary objective of the study is to evaluate
the safety, tolerability, and initial antitumor effi-
cacy of surufatinib in combination with TYVYT®.
The first patient was dosed in July 2020.

An open-label phase Ib/II study of surufatinib in
combination with BeiGene’s tislelizumab is
scheduled to begin in March 2021 in the US.
Tislelizumab is a humanized IgG4 anti-PD-1
monoclonal antibody designed to minimize bind-
ing to the Fc gamma receptor (FcyR). Binding to
the FcyR is believed to impair the antitumor
properties of anti-PD-1 antibodies based on pre-
clinical studies.’” The study [ClinicalTrials.gov
identifier: NCTO04579757] will evaluate the
safety, tolerability, PK, and efficacy in patients

with advanced solid tumors and consist of dose
finding (part 1) and dose expansion (part 2). Part
1 will be conducted to determine the RP2D and/
or the MTD of surufatinib in combination with
tislelizumab in patients with advanced or meta-
static solid tumors who have progressed on, or
tolerated, standard therapies. Part 2 will be an
open-label, multicohort design to evaluate the
antitumor activity of surufatinib in combination
with tislelizumab in patients with specific types of
advanced or metastatic solid tumors. Patients will
receive the RP2D determined in part 1 of the
study.

Conclusions

Current systemic therapies approved to treat
NETs include SSAs, sunitinib (a tyrosine kinase
inhibitor), mTOR inhibitors, PRRT, and cyto-
toxic chemotherapy. Both high tumor vasculari-
zation and immune evasion contribute to tumor
progression. Combination therapies are being
investigated in patients with NETs to improve
efficacy and extend PFS as well as decrease tumor
resistance, but few have progressed to phase III
studies.

Surufatinib is a new, oral, small-molecule tyros-
ine kinase inhibitor that potently inhibits
VEGFR1, VEGFR2, VEGFR3, FGFRI1, and
CSF-1R. Its unique mechanism of action, simul-
taneously inhibiting angiogenesis (VEGFR and
FGFR1) and tumor-immune evasion (CSF-1R),
has the potential to enhance antitumor activity.
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The initial clinical profile of surufatinib in NET's
was demonstrated in phase I and phase Ib/II stud-
ies. Biomarker data in the phase Ib/II study sug-
gest that changes in circulating proteins (increases
in VEGF-A, FGF23, and M-CSF, and decreases
in VEGFR-2) have the potential to be pharmaco-
dynamic biomarkers for these drug targets. Basic
FGF levels did not increase with surufatinib treat-
ment, suggesting that increased FGFR signaling
might not be the dominant mechanism for resist-
ance to surufatinib.

Two double-blind, placebo-controlled phase III
studies were conducted in patients with well-dif-
ferentiated G1/G2 pNETs (SANET-p) and
epNETs (SANET-ep). Both studies demon-
strated the statistically significant, clinically
meaningful, antitumor activity of surufatinib
compared with placebo, with a tolerable safety
profile. While differences in the patient character-
istics of the SANET trials compared with patients
from the Western hemisphere are acknowledged,
such as enrollment of a relatively low proportion
of patients with NETs of small-bowel origin
(8-9% in SANET-ep), subgroup analyses dem-
onstrated superiority of surufatinib, suggesting
overall results were not driven by a subset of
patients. Therefore, the results of the SANET tri-
als are generalizable to Western patients. This
conclusion is further supported by an ongoing US
study with surufatinib that has demonstrated
promising efficacy and a similar PK and safety
profile to studies done in China. Ongoing studies
are evaluating the efficacy and safety of suru-
fatinib in combination with other NET treat-
ments. These positive results support the efficacy
of surufatinib in patients with advanced, progres-
sive, well-differentiated NETSs, regardless of
tumor origin. Surufatinib introduces a new treat-
ment option with a novel mechanism of action for
this growing patient population with unmet medi-
cal needs.
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