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Abstract
Purpose Vorolanib is a multi-target tyrosine kinase inhibitor with anti-angiogenic properties. This study aimed to evaluate 
the tolerability, safety and efficacy of vorolanib when added to checkpoint inhibitors (CPIs) in patients with advanced solid 
tumors.
Methods We conducted a phase 1b study of vorolanib (300 or 400 mg orally once daily) plus pembrolizumab or nivolumab 
using a standard 3 + 3 design to determine the dose-limiting toxicity (DLT), maximum tolerated dose (MTD) and recom-
mended phase 2 dose (RP2D). The endpoints included safety, toxicity and objective response rate, according to Response 
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1).
Results Sixteen patients (9 in pembrolizumab arm, 7 in nivolumab arm) with gastrointestinal or lung cancers were enrolled. 
All patients had at least 1 treatment-related adverse event (TRAE). The most common TRAEs across all cohorts were lym-
phopenia (n = 7), leukopenia (n = 5), fatigue (n = 5), and alanine aminotransferase elevation (n = 5); most toxicities were grade 
(G) 1–2. DLTs were reported in 3 patients at vorolanib 400 mg dose level, with G3 aspartate aminotransferase elevation, G3 
rectal hemorrhage, and G3 rash. Of 13 total response-evaluable patients, 2 patients had confirmed partial responses (1 rectal 
squamous cell cancer and 1 small cell lung cancer). Two patients achieved prolonged stable disease. Vorolanib 300 mg daily 
was determined to be the RP2D for either pembrolizumab or nivolumab.
Conclusion Combination vorolanib 300 mg orally once daily plus CPI appears to be a feasible regimen with manageable 
toxicity and promising efficacy in select tumor types. NCT03511222. Date of Registration: April 18, 2018.
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Introduction

Immune checkpoint inhibitors (CPIs) have emerged as 
a standard treatment option for a multitude of advanced 
solid malignancies, including gastrointestinal (GI) and 

pulmonary cancers, either in the front-line or refractory 
settings. Multi-modality immunotherapy with programmed 
cell death-1/programmed cell death ligand-1 (PD-1/
PD-L1) inhibition plus tyrosine kinase inhibitors (TKIs) 
or cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
inhibitors have become part of the established therapeutic 
landscape for multiple tumor types. Pembrolizumab has 
received FDA approval for the treatment of several solid 
tumors. Recently approved indications for pembrolizumab 
include treatment in combination with platinum- and fluo-
ropyrimidine-based chemotherapy for patients with meta-
static or locally advanced esophageal or gastroesophageal 
junction (GEJ) carcinoma, regardless of PD-L1 status [1, 
2]. Nivolumab received accelerated approval for the treat-
ment of patients with advanced gastric, esophageal, or 
GEJ adenocarcinoma in combination with platinum- and 
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fluoropyrimidine-based chemotherapy [3]. In addition, 
anti-PD-1/PD-L1 inhibitors are now standard therapies 
in the first-line setting for metastatic non-small cell lung 
cancers (NSCLC) [4–9], in combination with cytotoxic 
therapies or CTLA-4 inhibitors, as well as in small cell 
lung cancer (SCLC). Until recently, both pembrolizumab 
and nivolumab were approved for the treatment of SCLC 
[10–12]; FDA approval for nivolumab was subsequently 
withdrawn [13]. Despite these therapeutic advancements, 
resistance to combination immune CPIs is inevitable, and 
patients ultimately succumb to these conditions. There-
fore, significant research efforts are focusing on strate-
gies to overcome immunotherapy resistance and further 
enhance anti-tumor immune response.

Regulation of angiogenesis is a potential mechanism to 
overcome resistance to CPIs by tumor-mediated immune 
regulation as well as enhance tumor exposure to other cyto-
toxic agents. The presence of elevated levels of pro-angio-
genic molecules, such as angiopoietin-2, has been associated 
with immunotherapy resistance and poor prognosis [14]. 
Vascular endothelial growth factor (VEGF) can inhibit den-
dritic cell maturation [15] and intra-tumoral T cell trafficking 
[16], while anti-VEGF therapy can improve T cell infiltra-
tion, potentially enhancing response to CPIs [17]. These 
properties of anti-VEGF therapy may thus improve clini-
cal efficacy and resistance to immune CPIs. In the phase 3 
global IMbrave150 trial, bevacizumab, an anti-VEGF mono-
clonal antibody, in combination with atezolizumab, resulted 
in improved overall survival (OS) as compared to sorafenib 
for the first-line treatment of unresectable or metastatic 
hepatocellular carcinoma (HCC) [18], leading to recent FDA 
approval for this combination. The IMpower150 trial showed 
significant improvement in progression-free survival (PFS) 
and OS with atezolizumab plus bevacizumab combined with 
carboplatin and paclitaxel compared with standard of care 
bevacizumab plus carboplatin and paclitaxel in patients with 
chemotherapy-naïve NSCLC [19]. The randomized phase 
2 Lung-MAP S1800A study investigating the role of pem-
brolizumab plus ramucirumab, an anti-VEGF receptor 2 
(VEGFR2) monoclonal antibody, versus chemotherapy in 
patients with advanced NSCLC post immunotherapy-pro-
gression has recently completed enrollment (NCT03971474) 
[20]. In addition, a phase 1b trial of lenvatinib plus pem-
brolizumab in unresectable HCC reported promising early 
efficacy results with an objective response rate (ORR) of 
46% and no dose-limiting toxicities (DLT) [21]. A confirma-
tory phase 3 trial of lenvatinib and pembrolizumab in HCC 
is ongoing (NCT03713593) [22]. Moreover, although in the 
phase 3 CLEAR trial, lenvatinib combined with everolimus 
or pembrolizumab improved PFS in patients with advanced 
renal cell carcinoma (RCC) as compared to sunitinib, only 
lenvatinib plus pembrolizumab led to significantly longer 
OS than sunitinib [23].

Colony-stimulating factor 1 (CSF1)/CSF1 receptor 
(CSF1R)-mediated signaling is a critical regulator of mono-
cyte/macrophage differentiation, playing a potential role in 
resistance to CPIs in the preclinical setting. CSF1 promotes 
tumor-associated macrophages (TAMs) that may undermine 
anti-tumor immune responses [24]. In fact, the presence of 
CSF1R + TAMs have been shown to correlate with disease 
progression and poor prognosis [25]. CSF1R blockade re-
programs TAMs and may improve response to or overcome 
immunotherapy resistance. Consequently, multiple CSF1R 
inhibitors are under active development, and are being inves-
tigated in combination with immunotherapy [26, 27].

Vorolanib (X-82, CM082) is a potent oral TKI against 
multiple targets including VEGFR, platelet-derived growth 
factor (PDGFR) and CSF1R, and inhibits angiogenesis. 
Vorolanib is structurally similar to sunitinib, but designed 
to improve upon the toxicity profile of this class of thera-
peutics. Its short half-life of approximately 4–8 h by clini-
cal pharmacokinetic data and limited tissue accumulation 
allows for continuous dosing [28, 29]. Vorolanib has been 
investigated in other phase 1/2 trials as monotherapy or in 
combination with other agents, including chemotherapy 
with other pathway inhibitors, at doses of 50–800 mg [30]. 
In these studies, the maximum tolerated dose (MTD) was 
not reached at 800 mg, but absorption plateaued at 400 to 
800 mg daily dosing. Vorolanib was generally well toler-
ated, with the most common side effects including fatigue, 
nausea and rash. Vorolanib 300 mg plus everolimus also 
demonstrated an encouraging efficacy signal in patients 
with advanced RCC and neuroendocrine tumors [31]. Sub-
sequently, the phase 3 CONCEPT trial of everolimus with 
or without vorolanib in advanced previously treated RCC 
showed PFS advantage of vorolanib plus everolimus combi-
nation over everolimus alone with median PFS 10.0 versus 
6.4 months (HR = 0.70, [95% CI, 0.52–0.94]; p = 0.0171), 
respectively [32].

In light of its favorable toxicity profile as combination 
therapy, and potential pro-immunogenic and anti-angiogenic 
properties, we hypothesized that the addition of vorolanib to 
standard CPIs may augment immunotherapy response and 
improve clinical efficacy. Therefore, this phase 1b study was 
designed to determine the safety and MTD of vorolanib in 
combination with CPIs, pembrolizumab or nivolumab, in 
patients with advanced solid tumors who were otherwise 
eligible to receive CPIs per standard of care.

Methods

Study design and participants

This study was a single-center, open-label, phase 1b 
study with a conventional 3 + 3 dose escalation design 
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(NCT03511222) to assess the tolerability, safety and pre-
liminary anti-tumor activity of vorolanib plus CPIs in 
patients with advanced solid tumors treated at Siteman Can-
cer Center at Washington University School of Medicine, 
St Louis, Missouri. Enrollment to both cohorts (vorolanib 
plus either pembrolizumab or nivolumab) occurred simul-
taneously; 3 to 6 patients of each cohort were enrolled to 
receive vorolanib plus a CPI. Vorolanib was administered 
orally (PO) once daily with food on an outpatient basis at the 
assigned dose level. The vorolanib dose escalation schedule 
was set at either 300 mg PO once daily (starting dose, dose 
level 1) or 400 mg PO daily (dose level 2). Dose level − 1 
was to be permitted at vorolanib 200 mg PO once daily if 
DLT occurred with vorolanib starting dose of 300 mg PO 
once daily. Vorolanib was given in combination with either 
standard fixed dose of nivolumab 480 mg intravenously (IV) 
on an every 28-day cycle or pembrolizumab 200 mg intrave-
nously (IV) on an every 21-day cycle. Dose level advance-
ment did not occur until all patients had completed cycle 1 
of each assessed dose level, and the decision to proceed to 
the next dose level was based on events in the first cycle. 
Pembrolizumab and nivolumab cohorts were assessed sepa-
rately. The MTD was defined as the dose level immediately 
below the dose level at which 2 patients within a cohort 
dose level (or 2 of 6 patients) experience DLT during the 
first cycle. Dose escalations continued for both nivolumab 
and pembrolizumab until the MTD or the highest vorolanib 
dose level (dose level 2) was achieved.

Eligible patients were at least 18 years or older, with East-
ern Cooperative Oncology Group performance status of 0 
or 1, and diagnosis of an advanced solid tumor that can be 
treated with FDA-approved indication for pembrolizumab 
or nivolumab at the time of study enrollment. Addition-
ally, patients were required to have adequate hematologic, 
renal and hepatic function, lack of proteinuria, and measur-
able disease as assessed by Response Evaluation Criteria 
in Solid Tumor (RECIST) version 1.1 [33]. Patients with 
uncontrolled intercurrent illness, poorly controlled hyper-
tension, symptomatic arterial peripheral vascular disease 
or significant cardiovascular disease or condition, prior 
receipt of CPI, history of clinically significant bleeding, 
active autoimmune disease or any condition requiring sys-
temic corticosteroid use were excluded. Additional exclu-
sion criteria were the presence of deep vein thrombosis or 
pulmonary embolism within 4 weeks, clinically evident CNS 
hemorrhage, and concurrent use of any medications or sub-
stances known to be a strong inhibitor or strong inducer of 
CYP3A4. Patients with treated/stable brain metastases were 
also eligible.

The trial was approved by the Washington University 
School of Medicine Institutional Review Board before 
study initiation, and was performed in accordance with 
the Declaration of Helsinki, the International Council for 

Harmonisation guidelines for Good Clinical Practice, the 
FDA Code of Federal Regulations, the requirements of 
national drug and data protection laws and other applicable 
regulatory requirements [34]. All patients were provided 
written informed consent prior to enrollment. The study 
was funded by the sponsor, Xcovery Holdings, Inc., which 
was involved in all aspects of study design, and provided 
study drug and approved the final version of the manu-
script for publication in conjunction with the authors. All 
authors had full access to all data in the study and provided 
final approval to submit the manuscript for publication.

Safety evaluations

Patients must have received at least one dose of vorolanib 
and one dose of either pembrolizumab or nivolumab to 
be considered evaluable for safety. Safety evaluations 
included assessments of adverse events (AEs) and seri-
ous adverse events (SAEs). Descriptions and grading 
scales were defined and reported according to the revised 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI CTCAE) version 5.0 [35]. For 
events with varying severity, the maximum reported grade 
was utilized in summaries.

A DLT was categorized based on the presence of hema-
tologic and non-hematologic toxicity occurring during the 
first cycle of study therapy. Hematologic DLT was defined 
as any of the following that occur during the first cycle that 
are attributed as possibly, probably, or definitely related 
to vorolanib: (a) Grade 4 neutropenia of > 7 day duration; 
(b) Febrile neutropenia of any duration with tempera-
ture > 38.5 °C; (c) Grade 4 anemia which requires trans-
fusion therapy on more than two occasions in 7 days; (d) 
Grade 4 thrombocytopenia which requires transfusion 
therapy on more than two occasions in 7 days. Non-hema-
tologic DLT was defined as any grade ≥ 3 toxicity that is 
possibly, probably or definitely related to vorolanib and 
occurred during the first cycle of therapy, with the fol-
lowing specific exceptions: (a) Grade ≥ 3 nausea which 
returns to Grade 1 prior to the start of cycle 2; (b) Grade 3 
hypertension (BP ≥ 160/100 mmHg) was only considered a 
DLT if lasting more than 3 days despite optimal interven-
tion. Any vorolanib-related AE that resulted in interruption 
of pembrolizumab or nivolumab was considered a DLT 
at the investigator’s discretion, and vorolanib interruption 
for > 50% of planned dose due to toxicity during the DLT 
period could have been considered as a DLT. All SAEs were 
also recorded. Patients removed from study for unaccepta-
ble AEs were followed until resolution or stabilization of 
the event. Following study completion, patients were fol-
lowed every 2–3 months for 1 year or until death, whichever 
occurred first.
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Tumor response evaluations

Response assessment by RECIST 1.1 and iRECIST was 
performed by staging CT or MRI and occurred at base-
line and at every 9-week intervals (or 3 cycles) in patients 
treated with pembrolizumab, or every 8-week intervals (or 
2 cycles) in those treated with nivolumab. Patients who had 
any on-treatment imaging studies were evaluable for tumor 
response. Treatment beyond progression was permitted per 
discretion of the treating study investigator. Patients could 
continue study therapy unless excessive toxicity or clinical 
or radiographic disease progression confirmed by a subse-
quent scan per RECIST.

Statistical considerations

The primary study objective was to determine the recom-
mended phase 2 dose (RP2D) of vorolanib in combination 
with CPIs. Secondary objective was to assess the safety and 
toxicity of both combination regimens. The data analyses 
were descriptive in nature and summary statistics were uti-
lized for demographic and important baseline characteristics. 
ORR was defined per RECIST as the proportion of patients 
with either complete or partial response to study therapy. 
Disease control rate (DCR) was defined as the proportion 
of patients who achieved either complete or partial response 
or stable disease to study therapy. Response duration was 
defined from the time of the first evidence of response until 
progression. PFS and OS were defined from time of the first 
dose of vorolanib and pembrolizumab or nivolumab to pro-
gression or death (PFS) or death alone (OS). Duration of 
response and change of tumor were described utilizing a spi-
der plot. The distribution of PFS and OS were estimated by 
the Kaplan–Meier product limit method. All data analyses 
were performed using SAS 9.4 [SAS Institutes. Cary, NC].

Results

Patient population

A total of 20 patients were screened for eligibility, 16 
patients were enrolled from September 24, 2018 to March 
6, 2020 (Fig. 1). Enrolled patients received at least one dose 
of study therapy. The baseline patient and tumor charac-
teristics are summarized in Table 1. The median age was 
65.6 years (range, 45.8–76.4 years), and 43.7% of patients 
were women (n = 7). The majority of patients had advanced 
GI cancers (n = 6, 37.5%); followed by extensive stage SCLC 
(n = 4, 25.0%). Most patients had ECOG performance status 
of 1 (n = 9, 56.2%) and were non-Hispanic Whites (n = 14, 
87.5%). The median number of prior lines of systemic ther-
apy for all enrolled patients was 1 (range, 0–4). At the time 

of data cut off (June 1, 2020), the median duration of follow 
up was 9.6 months (range, 2.0 to 19.4 months). All patients 
had discontinued study treatment; 5 patients (31.2%) were 
alive and in follow-up. Eight patients (50.0%) discontin-
ued study treatment due to disease progression; 7 patients 
(43.7%) discontinued treatment due to toxicity, 1 of whom 
withdrew enrollment. 

Safety and tolerability

The 16 enrolled patients received a mean of 4 cycles (range, 
1–16) of study therapy across all cohorts and dose levels. 
Vorolanib plus CPI was well tolerated by most patients, as 
outlined in Table 2. The most common treatment-related 
adverse events (TRAE) were lymphopenia (n = 7), leuko-
penia (n = 5), fatigue (n = 5), neutropenia (n = 4), myalgias 
(n = 4) and liver function abnormalities (alanine aminotrans-
ferase (ALT) elevation n = 5; aspartate aminotransferase 
(AST) elevation n = 4). Most TRAE were grade 1–2 in sever-
ity. The most common grade 3 or higher TRAE occurring 
in more than 1 patient during the course of study therapy 
included neutropenia (n = 4), leukopenia (n = 2) and AST 
elevation (n = 2). A total of 3 DLTs were experienced across 
all dose levels. SAEs were reported in a total of 10 patients 
(62.5%), 4 patients experienced treatment-related SAEs 
including grade 3 acute pancreatitis requiring hospitalization 
following 15 cycles of study therapy (n = 1), grade 3 maculo-
papular rash (n = 1, DLT), grade 3 rectal hemorrhage (n = 1, 
DLT) and a patient who developed grade 3 AST and grade 
4 ALT elevation following 3 cycles of study therapy. The 6 
additional reported SAEs were attributed to other causes not 
related to study drug.

A total of three patients were treated at the vorolanib 
300 mg PO daily plus pembrolizumab dose level with no 
observed DLTs. No grade ≥ 3 TRAEs were observed in 
vorolanib 300 mg plus pembrolizumab arm. One of three 
patients who had a diagnosis of HCC experienced a DLT at 
vorolanib 400 mg PO daily plus pembrolizumab dose level 
of grade 3 AST and alkaline phosphatase elevation that was 
treated as immune-mediated hepatitis, refractory to corti-
costeroids. Three additional patients were then enrolled to 
this dose level, of which 1 additional patient (thus 2 of 6 
patients) experienced a DLT of grade 3 rectal hemorrhage. 
The patient who experienced grade 3 rectal hemorrhage had 
a diagnosis of rectal squamous cell carcinoma, and this tox-
icity was also attributed to tumor ulceration in the setting of 
rivaroxaban use (attributed as possibly related to vorolanib 
and probably related to disease). This patient ultimately 
continued on study therapy for a total of 6 cycles due to 
ongoing clinical benefit. Therefore, vorolanib 300 mg was 
determined as the RP2D for pembrolizumab combination.

A total of 4 patients were treated at the vorolanib 300 mg 
PO daily plus nivolumab dose level. One patient withdrew 
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enrollment during cycle 1 due to grade 2 myalgias (which 
ultimately recovered) and was thereby replaced. No DLTs 
were experienced at this dose level. Grade 3 or higher 
TRAEs in the vorolanib 300 mg once daily plus nivolumab 
arms included: leukopenia (n = 1), neutropenia (n = 2), ele-
vated serum amylase (n = 1), elevated serum lipase (n = 1) 
and oral mucositis (n = 1). Three patients were then enrolled 
into vorolanib 400 mg PO daily plus nivolumab dose level, 
1 of 3 patients experienced a DLT of grade 3 rash. MTD for 
nivolumab combination could not be determined within the 
scope of this study as no additional patients were enrolled; 
therefore, vorolanib 300 mg was determined to be the RP2D 
for nivolumab combination based on tolerability.

In total, 7 out of 16 patients (43.7%) discontinued study 
therapy due to TRAEs, as outlined in Table 3. One patient 
treated with vorolanib 300 mg PO daily plus nivolumab 
required protocol-mandated  permanent therapy discon-
tinuation due to prolonged hospitalization for pancreatitis, 
presumably immune-mediated, although this ultimately 
resolved without administration of corticosteroids. Two 
patients treated with 400 mg PO vorolanib plus nivolumab 
discontinued therapy due to toxicity—one patient developed 

autoimmune colitis, and the other patient developed grade 
3 rash (a DLT). Four patients treated with 400 mg PO 
vorolanib plus pembrolizumab discontinued therapy due 
to toxicity—1 with rectal hemorrhage possibly attributed 
to vorolanib, and 3 patients who developed grade ≥ 3 liver 
function abnormality.

Anti‑tumor activity

Three of the 16 enrolled patients were excluded from tumor 
response assessment due to withdrawal prior to first on-study 
tumor assessment imaging, therefore, 13 total patients were 
evaluable for tumor response measurement. Importantly, 
no differences in tumor response assessment was observed 
between RECIST and iRECIST criteria. No complete 
responses were observed. The ORR in the overall study 
population was 15.4% (n = 2 of 13 patients achieved partial 
response), including one patient with rectal squamous cell 
carcinoma treated with vorolanib 400 mg plus pembroli-
zumab, and a second patient with extensive stage SCLC 
treated with vorolanib 300 mg plus nivolumab. The patient 
with rectal squamous cell carcinoma was treated beyond 

Assessed for eligibility (n=20)

Allocated to escalation (n=16)

Patients excluded (n=4)

• Not meeting inclusion criteria (n=2)
• Declined to participate (n=1)
• Died prior to study enrollment (n=1)

Vorolanib + Nivolumab

• Received allocated intervention (n=7)

7 included in safety analysis 
4 included in efficacy analysis

Excluded from efficacy analysis (n=3)

Vorolanib + Pembrolizumab

• Received allocated intervention (n=9)

Lost to follow up (n=0)

Discontinued intervention (n=9)
• Disease progression (n=5)

• Toxicity (n=4)

Lost to follow up (n=0)

Discontinued intervention (n=7)
• Disease progression (n=3)

• Toxicity (n=3)
• Patient Withdrawal (n=1)

9 included in safety and efficacy analysis

Enrollment

Allocation

Analysis

Follow-up

Fig. 1  Patient flow diagram
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initial radiographic progression based on clinical benefit as 
determined by the treating study investigator, and despite 
initial grade 3 rectal hemorrhage, as previously described. 
The overall DCR was 61.5% (n = 8 of 13 patients). In 
Fig. 2, a spider plot illustrates durable responses achieved. 
This includes 2 patients treated with vorolanib 300 mg plus 
nivolumab; a patient with extensive stage SCLC achieving 
durable partial response lasting 15.2 months, and a patient 
with HCC achieving stable disease lasting 14.3 months. At 
the time of data cutoff, the median PFS was 6.2 months, 
and the median OS was 9.6 months. The 95% confidence 

intervals (CI) were not reported because the upper boundary 
of the CI could not be estimated due to small sample size.

Discussion

Our phase 1 dose-finding study of vorolanib in combination 
with CPIs demonstrates that vorolanib 300 mg once daily 
plus either pembrolizumab or nivolumab is a well-tolerated 
regimen with manageable toxicity profile in patients with 
pretreated, advanced solid tumors. All enrolled patients 
experienced at least 1 TRAE, however, most toxicities were 
grade 1–2 in severity. Overall, the most frequent grade 3 or 
higher TRAEs were manageable, and included leukopenia, 
neutropenia and AST elevation. No DLTs were observed 
in the vorolanib 300 mg dose levels. Regarding vorolanib 
400  mg arms, 2 DLTs were observed in the vorolanib 
400 mg plus pembrolizumab arm, and included grade 3 liver 
toxicity and grade 3 rectal hemorrhage; one DLT of grade 3 
rash was observed in the vorolanib 400 mg plus nivolumab 
arm. Due to lack of efficacy signal, no additional patients 
were enrolled.

Although our study is limited by low sample size enroll-
ing a diverse patient population with varying cancer sub-
types, no new safety signals were observed with combination 
vorolanib plus CPIs. Our safety findings aligned with that 
seen in other studies combining anti-angiogenic agents plus 
CPIs. A total of 9 out of 16 patients experienced at least 1 
or more grade ≥ 3 TRAE, predominately occurring at the 
400 mg vorolanib dose levels. Hematologic toxicity was 
manageable. No therapy-related deaths occurred. Vorolanib 
resulted in a low number of expected anti-angiogenic therapy 
related toxicity, including low rates of grade ≥ 3 hyperten-
sion (n = 1) at vorolanib 400 mg plus pembrolizumab dose 
level. No thromboembolic events were observed in this 
study. One patient with rectal squamous cell cancer experi-
enced rectal hemorrhage, which was partially attributed to 
vorolanib, anticoagulation use, as well as tumor ulceration. 
Liver enzyme elevation was seen in a proportion of patients, 
which was attributed to either vorolanib versus CPI.

During the course of this study, new toxicity data became 
available from a concurrent study of vorolanib plus CPI 
combination in patients with refractory thoracic tumors 
conducted at Vanderbilt University (NCT03583086) [36]. 
Based on this data, it was determined that further enrollment 
to the vorolanib 400 mg PO daily plus nivolumab combina-
tion arm would be discontinued, and the expansion cohort 
was to enroll 6 additional patients with advanced SCLC at 
vorolanib 300 mg PO daily plus nivolumab dose level. This 
supports the RP2D of vorolanib 300 mg as determined by 
our study. Nevertheless, at the time of the planned study pro-
tocol amendment, FDA approvals led to a shift in the first-
line treatment paradigm  for SCLC to include combination 

Table 1  Baseline characteristics of enrolled patients

GEJ gastroesophageal junction, NET neuroendocrine tumor, Mut/Mb 
mutations per megabase
a PDL-1 positivity was determined by local testing and defined as 
either Combined positive score (CPS) ≥ 1, Tumor proportion score 
(TPS) ≥ 1, or positive by immunohistochemistry (IHC+)

Characteristics No. (%)

Age (median, years) 65.6
Sex
 Men 9 (56%)
 Women 7 (44%)

Race
 White 14 (88%)
 Black 1 (6%)
 Asian 1 (6%)

ECOG performance status
 0 7 (44%)
 1 9 (56%)

Diagnoses
 Esophageal/GEJ/Gastric 6 (38%)
 Small cell lung cancer 4 (25%)
 Hepatocellular carcinoma 2 (13%)
 Non-small cell lung cancer 1 (6%)
 High grade pancreatic NET 1 (6%)
 Carcinoid of the lung 1 (6%)
 Rectal squamous cell carcinoma 1 (6%)

Prior lines of systemic therapy (median, range) 1, 0–4
 0–1 line 11
 2–4 lines 5

PD-L1  Statusa

 PD-L1 positive 5
 PD-L1 negative 4
 Unknown 7

Mismatch-Repair Status
 Mismatch repair-proficient 10
 Unknown 6

Tumor mutational burden status
 Low (< 10 Mut/Mb) 5
 Unknown 11
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chemo-immunotherapy as standard practice, thus restrict-
ing study enrollment capabilities due to limited number of 
immunotherapy-naïve patients. Therefore, this study was 
ultimately closed to accrual. More recently, in consulting 
with the FDA, the manufacturer decided to withdraw the 
indication for nivolumab for the treatment of SCLC in the 
U.S. based on results of the confirmatory CheckMate-451 
and CheckMate-331 studies, which have since failed to meet 
primary OS endpoints in this population as either mainte-
nance post first-line chemotherapy or in the second-line set-
ting [11–13].

The overall ORR in the entire study cohort was 15.4% 
(n = 2 of 13 patients). A total of six patients (46.1%) 
achieved stable disease: 5 patients of whom were treated 
at vorolanib 400 mg dose level, and 1 treated at vorolanib 

300 mg dose level. Notable durable responses were seen in 
2 patients; one with HCC achieving stable disease lasting 
over 12 months, and another with extensive stage SCLC 
achieving late-onset partial response after 12 months of 
combination study therapy. Neither of these patients had 
available molecular tumor tissue testing for mismatch repair 
status, tumor mutational burden or PD-L1 testing. Thus, it is 
unclear if these patients could have otherwise achieved such 
clinical benefit with immunotherapy alone.

Immunotherapy has rapidly transformed the landscape 
of anti-cancer therapeutics development; however, the 
majority of patients with advanced cancer do not benefit 
from single agent immunotherapy [37]. Thus, strategies 
attempting to expand the success of immunotherapy relies 
on identifying and targeting key regulators of immune 

Table 3  Summary of reason for treatment cessation

Summary of reasons that subjects discontinued study participation. Dose-liming toxicity (*grade 3 AST elevation (n  =  1)  and agrade 3 
rash (n = 1))

Reason for treatment cessation Vorolanib + Pembro Vorolanib + Nivo All 
patients 
(n = 16)Vorolanib 

300 mg + pembro 
(n = 3)

Vorolanib 
400 mg + pembro 
(n = 6)

Vorolanib 
300 mg + nivo (n = 4)

Vorolanib 
400 mg + nivo (n = 3)

Disease progression 3 2 2 1 8
Patient discretion 0 0 1 0 1
Adverse event 0 4* 1 2a 7

Fig. 2  Radiographic tumor 
response and duration of 
therapy. Spider plot of best 
overall response. Radiographic 
response evaluated on the basis 
of Response Evaluation in Solid 
Tumors version 1.1 (RECIST 
v1.1). Each line represents 
one patient. The dotted lines 
at + 20% represent cutoffs 
for progressive disease and at 
− 30% represent cutoffs for 
partial response. X82 300 mg: 
Vorolanib 300 mg. X82 
400 mg: Vorolanib 400 mg. 
Pembro: Pembrolizumab. Nivo: 
Nivolumab. HCC: Hepatocel-
lular cancer. SCLC: Small cell 
lung cancer
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suppression within the tumor microenvironment that 
could drive primary or acquired resistance to immuno-
therapy. Proangiogenic factors, including VEGF and angi-
opoietin-2, are known to promote recruitment of tumor 
promoting macrophages, and preclinical models illustrate 
modulation of the tumor vasculature by anti-angiogenic 
agents may reduce these macrophages and induce immune 
response by increasing immune effector cell infiltration 
when combined with immunotherapy [38, 39]. Our study 
finds that vorolanib is an orally bioavailable multi-kinase 
inhibitor with favorable toxicity profile when used in com-
bination with CPIs. Nevertheless, identifying these key 
immunogenic and angiogenic biomarkers to select patients 
who will in fact derive clinical benefit to guide optimal use 
of combination anti-angiogenic drugs and immunotherapy 
remain to be elucidated [40, 41].

In conclusion, our study demonstrates vorolanib at 
300 mg plus CPI combination to be a tolerable regimen 
with potential durable activity in advanced refractory solid 
tumors, warranting further investigation in a larger patient 
population. Further biomarker-driven investigation will be 
required to identify those patients who will achieve opti-
mal response and benefit from combination therapy strate-
gies. ClinicalTrials.gov identifier: NCT03511222.

Acknowledgements The authors would like to express their gratitude 
to the patients participating in this study and to Alvin J Siteman Cancer 
Center.

Funding This research was funded by Xcovery Holdings, Inc.

Availability of data and materials The data that support the findings 
of this study may be available from the corresponding author upon 
request.

Code availability Not applicable.

Declarations 

Conflicts of interest The following represents disclosure informa-
tion provided by authors of this manuscript. Saiama N. Waqar reports 
funding from SWOG-Clinical Trials Partnership for oversight of the 
Lung-MAP master protocol and sub-study activities as co-Principal 
Investigator, and serves as Chair of Data Safety Monitoring Board for a 
Hoosier Cancer Research Network study. On behalf of all authors, the 
corresponding author states that there is no conflict of interest.

Ethics approval The study protocol was approved by the Washington 
University School of Medicine institutional review board and was con-
ducted in accordance with the Declaration of Helsinki.

Consent to participate All patients provided written informed consent 
before study-related procedures were performed.

Consent for publication Consent for submission of this paper was 
obtained from all authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kato K, Shah MA, Enzinger P (2019) KEYNOTE-590: Phase III 
study of first-line chemotherapy with or without pembrolizumab 
for advanced esophageal cancer. Future Oncol 15(10):1057–1066. 
https:// doi. org/ 10. 2217/ fon- 2018- 0609

 2. Sun JM, Shen L, Shah MA et al (2021) Pembrolizumab plus 
chemotherapy versus chemotherapy alone for first-line treatment 
of advanced oesophageal cancer (KEYNOTE-590): a randomized, 
placebo-controlled, phase 3 study. Lancet 398(10302):759–771. 
https:// doi. org/ 10. 1016/ S0140- 6736(21) 01234-4

 3. Janjigian YY, Shitara K, Moehler M et  al (2021) First-line 
nivolumab plus chemotherapy versus chemotherapy alone for 
advanced gastric, gastro-oesophageal junction and oesophageal 
adenocarcinoma (CheckMate 649): a randomized, open-label, 
phase 3 trial. Lancet 398(10294):27–40. https:// doi. org/ 10. 1016/ 
S0140- 6736(21) 00797-2

 4. Langer CJ, Gadgeel SM, Borghaei H et al (2016) Carboplatin 
and pemetrexed with or without pembrolizumab for advanced, 
non-squamous non-small-cell lung cancer: a randomized, phase 
2 cohort of the open-label KEYNOTE-021 study. Lancet Oncol 
17(11):1497–1508. https:// doi. org/ 10. 1016/ S1470- 2045(16) 
30498-3

 5. Gandhi L, Rodriguez-Abreu D, Gadgeel S et al (2018) Pem-
brolizumab plus chemotherapy in metastatic non-small-cell lung 
cancer. N Engl J Med 378:2078–2092. https:// doi. org/ 10. 1056/ 
NEJMo a1801 005

 6. Borghaei H, Langer CJ, Gadgeel S et al (2019) 24-month over-
all survival from KEYNOTE-021 cohort G: pemetrexed and 
carboplatin with or without pembrolizumab as first-line therapy 
for advanced nonsquamous non-small cell lung cancer. J Thorac 
Oncol 14(1):124–129. https:// doi. org/ 10. 1016/j. jtho. 2018. 08. 004

 7. Reck M, Rodriguez-Abreu D, Robinson AG et al (2016) Pembroli-
zumab versus chemotherapy for PD-L1 positive non-small-cell 
lung cancer. N Engl J Med 375:1823–1833. https:// doi. org/ 10. 
1056/ NEJMo a1606 774

 8. Mok TSK, Wu YL, Kudaba I et al (2019) Pembrolizumab ver-
sus chemotherapy for previously untreated, PD-L1-expressing, 
locally advanced or metastatic non-small-cell lung cancer (KEY-
NOTE-042): a randomized, open-label, controlled, phase 3 trial. 
Lancet 393(10183):1819–1830. https:// doi. org/ 10. 1016/ S0140- 
6736(18) 32409-7

 9. Paz-Ares L, Ciuleanu TE, Cobo M et  al (2021) First-line 
nivolumab plus ipilimumab combined with two cycles of chemo-
therapy in patients with non-small-cell lung cancer (CheckMate 
9LA): an international, randomized, open-label, phase 3 trial. 
Lancet Oncol 22(2):198–211. https:// doi. org/ 10. 1016/ S1470- 
2045(20) 30641-0

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2217/fon-2018-0609
https://doi.org/10.1016/S0140-6736(21)01234-4
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S1470-2045(16)30498-3
https://doi.org/10.1016/S1470-2045(16)30498-3
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1016/j.jtho.2018.08.004
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S1470-2045(20)30641-0
https://doi.org/10.1016/S1470-2045(20)30641-0


496 Cancer Chemotherapy and Pharmacology (2022) 89:487–497

1 3

 10. Chung HC, Piha-Paul SA, Lopez-Martin J et al (2020) Pembroli-
zumab after two or more lines of previous therapy in patients with 
recurrent or metastatic SCLC: results from the KEYNOTE-028 
and KEYNOTE-158 studies. J Thorac Oncol 15(4):618–627. 
https:// doi. org/ 10. 1016/j. jtho. 2019. 12. 109

 11. Spigel DR, Vicente D, Ciuleanu TE et al (2021) Second-line 
nivolumab in relapsed small-cell lung cancer: CheckMate 331. 
Ann Oncol 32(5):631–641. https:// doi. org/ 10. 1016/j. annonc. 2021. 
01. 071

 12. Owonikoko TK, Park K, Govindan R et al (2021) Nivolumab and 
ipilimumab as maintenance therapy in extensive-disease small-
cell lung cancer: CheckMate 451. J Clin Oncol 39(12):1349–1359. 
https:// doi. org/ 10. 1200/ JCO. 20. 02212

 13. Nivolumab indication in small cell lung cancer withdrawn in U.S. 
market. 2021. https:// ascop ost. com/ issues/ janua ry- 25- 2021/ nivol 
umab- indic ation- in- small- cell- cancer- withd rawn- in- us- market. 
Accessed 28 May 2021.

 14. Wu X, Giobbie-Hurder A, Liao X et al (2017) Angiopoietin-2 as 
a biomarker and target for immune checkpoint therapy. Cancer 
Immunol Res 5(1):17–28. https:// doi. org/ 10. 1158/ 2326- 6066. 
CIR- 16- 0206

 15. Ohm JE, Carbone DP (2001) VEGF as a mediator of tumor-asso-
ciated immunodeficiency. Immunol Res 23(2–3):263–272. https:// 
doi. org/ 10. 1385/ IR: 23:2- 3: 263

 16. Huang H, Langenkamp E, Georganaki M et al (2015) VEGF sup-
presses T-lymphocyte infiltration in the tumor microenvironment 
through inhibition of NF-kappaB-induced endothelial activation. 
Faseb J 29(1):227–238. https:// doi. org/ 10. 1096/ fj. 14- 250985

 17. Shrimali RK, Yu Z, Theoret MR et al (2010) Antiangiogenic 
agents can increase lymphocyte infiltration into tumor and 
enhance the effectiveness of adoptive immunotherapy of cancer. 
Cancer Res 70(15):6171–6180. https:// doi. org/ 10. 1158/ 0008- 
5472. CAN- 10- 0153

 18. Finn RS, Qin S, Ikeda M et al (2020) Atezolizumab plus bevaci-
zumab in unresectable hepatocellular carcinoma. N Engl J Med 
382(20):1894–1905. https:// doi. org/ 10. 1056/ NEJMo a1915 745

 19. Reck M, Mok TSK, Nishio M et al (2019) Atezolizumab plus 
bevacizumab and chemotherapy in non-small-cell lung cancer 
(IMpower 150): key subgroup analyses of patients with EGFR 
mutations or baseline liver metastases in a randomized, open-label 
phase 3 trial. Lancet Respir Med 7(5):387–401. https:// doi. org/ 10. 
1016/ S2213- 2600(19) 30084-0

 20. Ramucirumab and pembrolizumab versus standard of care in 
treating patients with stage IV or recurrent non-small cell lung 
cancer (a Lung-MAP non-match treatment trial), NCT03971474. 
https:// clini caltr ials. gov/ ct2/ show/ NCT03 971474. Accessed 24 
July 2021.

 21. Finn RS, Ikeda M, Zhu A et al (2020) Phase 1b study of lenvatinib 
plus pembrolizumab in patients with unresectable hepatocellular 
carcinoma. J Clin Oncol 38(26):2960–2970. https:// doi. org/ 10. 
1200/ JCO. 20. 00808

 22. Safety and efficacy of lenvatinib (E7080/MK-7902) in combina-
tion with pembrolizumab (MK-3475) versus lenvatinib as first-line 
therapy in participants with advanced hepatocellular carcinoma 
(MK-7902-002/E7080-G000-311/LEAP-002), NCT03713593. 
https:// clini caltr ials. gov/ ct2/ show/ NCT03 713593. Accessed 2 
June 2021.

 23. Motzer R, Alekseev B, Rha SY et al (2021) Lenvatinib plus pem-
brolizumab or everolimus for advanced renal cell carcinoma. N 
Engl J Med 384(14):1289–1300. https:// doi. org/ 10. 1056/ NEJMo 
a2035 716

 24. Neubert NJ, Schmittnaegel M, Bordry N et al (2018) T cell-
induced CSF1 promotes melanoma resistance to PD1 blockade. 

Sci Transl Med 10(436):e3311. https:// doi. org/ 10. 1126/ scitr anslm 
ed. aan33 11

 25. Cannarile MA, Weisser M, Jacob W et al (2017) Colony-stim-
ulating factor 1 receptor (CSF1R) inhibitors in cancer ther-
apy. J Immunother Cancer 5(1):53. https:// doi. org/ 10. 1186/ 
s40425- 017- 0257-y

 26. Razak A, Cleary JM, Moreno V et al (2020) Safety and efficacy of 
AMG 820, an anti-colony-stimulating factor 1 receptor antibody, 
in combination with pembrolizumab in adults with advanced solid 
tumors. J Immunother Cancer 8(2):e001006. https:// doi. org/ 10. 
1136/ jitc- 2020- 001006

 27. Xun Q, Wang Z, Hu X et al (2020) Small-molecule CSF1R inhibi-
tors as anticancer agents. Curr Med Chem 27(23):3944–3966. 
https:// doi. org/ 10. 2174/ 15733 94715 66619 06181 21649

 28. Bendell C, Patel MR, Moore KN et al (2019) Phase I, first-in-
human, dose-escalation study to evaluate the safety, tolerability, 
and pharmacokinetics of vorolanib in patients with advanced solid 
tumors. Oncologist 24(4):455. https:// doi. org/ 10. 1634/ theon colog 
ist. 2018- 0740

 29. Song Y, Wang J, Ren X et  al (2021) Vorolanib, an oral 
VEGFR/PDGFR dual tyrosine kinase inhibitor for treatment 
of patients with advanced solid tumors: an open-label, phase 
I dose escalation and dose expansion trial. Chin J Cancer Res 
33(1):103–114. https:// doi. org/ 10. 21147/j. issn. 1000- 9604. 
2021. 01. 11

 30. Sheng X, Yan X, Chi Z et al (2020) Phase 1 trial of vorolanib 
(CM082) in combination with everolimus in patients with 
advanced clear-cell renal cell carcinoma. EBioMedicine 
55:102755. https:// doi. org/ 10. 1016/j. ebiom. 2020. 102755

 31. Pedersen KS, Grierson PM, Picus J et al (2021) Vorolanib (X-82), 
an oral anti-VEGFR/PDGFR/CSF1R tyrosine kinase inhibitor, 
with everolimus in solid tumors: results of phase I study. Invest 
New Drugs. https:// doi. org/ 10. 1007/ s10637- 021- 01093-7

 32. Sheng X, Ye D, Zhou AP et al (2021) Vorolanib, everolimus, and 
the combination in patients with pretreated metastatic renal cell 
carcinoma (CONCEPT study): a randomized, phase 3, double-
blind, multicenter trial. J of Clin Oncol 29(15):4512. https:// doi. 
org/ 10. 1200/ JCO. 2021. 39. 15_ suppl. 4512

 33. Eisenhauer EA, Therasse P, Bogaerts J et al (2009) New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer 45(2):228–247. https:// doi. org/ 10. 
1016/j. ejca. 2008. 10. 026

 34. https:// www. fda. gov/ files/ drugs/ publi shed/ E6% 28R2% 29- Good- 
Clini cal- Pract ice-- Integ rated- Adden dum- to- ICH- E6% 28R1% 29. 
pdf. Accessed 24 July 2021.

 35. National Cancer Institute Cancer Therapy Evaluation Pro-
gram (NCI CTEP) Common Terminology Criteria for Adverse 
Events (CTCAE) version 5 (cancer.gov). https:// ctep. cancer. gov/ 
proto colde velop ment/ elect ronic_ appli catio ns/ ctc. htm# ctc_ 50. 
Accessed 24 July 2021.

 36. Phase I/II study to evaluate the safety and preliminary activity of 
nivolumab in combination with vorolanib in patients with refrac-
tory thoracic tumors, NCT03583086. https:// clini caltr ials. gov/ ct2/ 
show/ NCT03 583086. Accessed 10 Apr 2021.

 37. Ventola CL (2017) Cancer immunotherapy, Part 3: challenges and 
future trends. P T 42(8):514–521

 38. Fukumura D, Kloepper J, Amoozgar Z (2018) Enhancing cancer 
immunotherapy using antiangiogenics: opportunities and chal-
lenges. Nat Rev Clin Oncol 15(5):325–340. https:// doi. org/ 10. 
1038/ nrcli nonc. 2018. 29

 39. Kato Y, Tabata K, Kimura T et al (2019) Lenvatinib plus anti-
PD-1 antibody combination treatment activates CD8+ T cells 
through reduction of tumor-associated macrophage and activation 

https://doi.org/10.1016/j.jtho.2019.12.109
https://doi.org/10.1016/j.annonc.2021.01.071
https://doi.org/10.1016/j.annonc.2021.01.071
https://doi.org/10.1200/JCO.20.02212
https://ascopost.com/issues/january-25-2021/nivolumab-indication-in-small-cell-cancer-withdrawn-in-us-market
https://ascopost.com/issues/january-25-2021/nivolumab-indication-in-small-cell-cancer-withdrawn-in-us-market
https://doi.org/10.1158/2326-6066.CIR-16-0206
https://doi.org/10.1158/2326-6066.CIR-16-0206
https://doi.org/10.1385/IR:23:2-3:263
https://doi.org/10.1385/IR:23:2-3:263
https://doi.org/10.1096/fj.14-250985
https://doi.org/10.1158/0008-5472.CAN-10-0153
https://doi.org/10.1158/0008-5472.CAN-10-0153
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1016/S2213-2600(19)30084-0
https://doi.org/10.1016/S2213-2600(19)30084-0
https://clinicaltrials.gov/ct2/show/NCT03971474
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.1200/JCO.20.00808
https://clinicaltrials.gov/ct2/show/NCT03713593
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1126/scitranslmed.aan3311
https://doi.org/10.1126/scitranslmed.aan3311
https://doi.org/10.1186/s40425-017-0257-y
https://doi.org/10.1186/s40425-017-0257-y
https://doi.org/10.1136/jitc-2020-001006
https://doi.org/10.1136/jitc-2020-001006
https://doi.org/10.2174/1573394715666190618121649
https://doi.org/10.1634/theoncologist.2018-0740
https://doi.org/10.1634/theoncologist.2018-0740
https://doi.org/10.21147/j.issn.1000-9604.2021.01.11
https://doi.org/10.21147/j.issn.1000-9604.2021.01.11
https://doi.org/10.1016/j.ebiom.2020.102755
https://doi.org/10.1007/s10637-021-01093-7
https://doi.org/10.1200/JCO.2021.39.15_suppl.4512
https://doi.org/10.1200/JCO.2021.39.15_suppl.4512
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.fda.gov/files/drugs/published/E6%28R2%29-Good-Clinical-Practice--Integrated-Addendum-to-ICH-E6%28R1%29.pdf
https://www.fda.gov/files/drugs/published/E6%28R2%29-Good-Clinical-Practice--Integrated-Addendum-to-ICH-E6%28R1%29.pdf
https://www.fda.gov/files/drugs/published/E6%28R2%29-Good-Clinical-Practice--Integrated-Addendum-to-ICH-E6%28R1%29.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50
https://clinicaltrials.gov/ct2/show/NCT03583086
https://clinicaltrials.gov/ct2/show/NCT03583086
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1038/nrclinonc.2018.29


497Cancer Chemotherapy and Pharmacology (2022) 89:487–497 

1 3

of the interferon pathway. PLoS ONE 14(2):e0212513. https:// doi. 
org/ 10. 1371/ journ al. pone. 02125 13

 40. Lee EY, Kulkarni RP (2019) Circulating biomarkers predictive 
of tumor response to cancer immunotherapy. Expert Rev Mol 
Diagn 19(10):895–904. https:// doi. org/ 10. 1080/ 14737 159. 2019. 
16597 28

 41. Zhang M, Yang J, Hua W et al (2019) Monitoring checkpoint 
inhibitors: predictive biomarkers in immunotherapy. Front Med 
13(1):32–44. https:// doi. org/ 10. 1007/ s11684- 018- 0678-0

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.1080/14737159.2019.1659728
https://doi.org/10.1080/14737159.2019.1659728
https://doi.org/10.1007/s11684-018-0678-0

	Phase 1b trial of anti-VEGFPDGFR vorolanib combined with immune checkpoint inhibitors in patients with advanced solid tumors
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and participants
	Safety evaluations
	Tumor response evaluations
	Statistical considerations

	Results
	Patient population
	Safety and tolerability
	Anti-tumor activity

	Discussion
	Acknowledgements 
	References




