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Abstract 

Objective APPEASE is a phase I study to assess the safety, dosing, and efficacy of rivoceranib (a selective, small-mole-
cule inhibitor of VEGFR2) in combination with pembrolizumab. We aimed to treat patients with metastatic malignan-
cies who have progressed through at least first-line therapy, with pembrolizumab 200 mg every 3 weeks, as well as 
escalating doses of rivoceranib until disease progression or unacceptable toxicity.

Results Five patients were enrolled on the starting dose of rivoceranib 300 mg once daily. There were no dose-
limiting toxicities observed in combination with pembrolizumab. The dose of rivoceranib was not escalated due to 
study closure. We note a treatment related grade 3 adverse event (AE) rate of 40%, predominantly in urothelial cancer 
patients, with no deaths related to treatment related AEs. The disease control rate was 75% (3 of 4) and the median 
progression free survival (PFS) was 3.6 months. Tumor shrinkage was noted in patients who were previously progress-
ing on pembrolizumab alone. Apatinib 300 mg is safe and demonstrates anti-tumor activity in advanced solid tumors 
in combination with pembrolizumab. Further dose escalation and efficacy need to be investigated in larger disease-
specific patient populations.
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Introduction
Monoclonal antibodies targeting the programmed cell 
death protein-1 (PD-1)/programmed death-ligand 1 
(PD-L1) have received Food and Drug Administra-
tion (FDA) approval for several malignancies and have 
established the important role for T-cell mediated host 
defense against malignancy [1]. While some patients with 
advanced metastatic upper gastrointestinal (GI) [2–4] 
or urothelial [5–7] malignancies achieve disease con-
trol with immune checkpoint blockade (ICB), the lack of 
durable response by most patients has prompted a search 
for adjunctive therapies to boost the effectiveness of ICB.

Rapid tumor growth results in a hypoxic tumor micro-
environment. Tumors secrete vascular endothelial 
growth factor (VEGF), which binds its primary signaling 
receptor VEGF Receptor 2 (VEGFR2), promoting angio-
genesis [8]. Neovascularization inhibits antitumor immu-
nity through Fas ligand-mediated inhibition of effector 
CD8 cells and by sparing regulatory T cells (Tregs) [9]. 
VEGF directly inhibits the immune response by inhibit-
ing the maturation of antigen-presenting cells (APCs), 
increased Treg recruitment, promoting macrophage 
repolarization to an M2 phenotype, and promoting 
T-cell exhaustion [10–12]. Inhibiting VEGF signaling 
may reverse this immunosuppressive phenotype. Indeed, 
several clinical trials have recently shown both improved 
median overall survival, as well as increased frequency of 
durable responses, amongst patients treated with anti-
VEGF therapy in combination with ICB [13, 14].

Rivoceranib (apatinib) is a small-molecule selective 
inhibitor of VEGFR2 [15], and approved for use in China 
for metastatic / advanced gastric cancer. We report a 
phase I dose-escalation trial to evaluate the combination 
of pembrolizumab, an FDA-approved anti-PD-1 anti-
body, in combination with rivoceranib, in patients with 
previously treated metastatic malignancies adhering to 
the CONSORT guidelines.

Main text
Materials and methods
Study design and intervention
APPEASE was designed as a Phase I, single-site trial uti-
lizing a standard 3 + 3 design, with the primary objective 
to assess the safety and maximum tolerated dose (MTD) 
of rivoceranib in combination with pembrolizumab in 
subjects with select advanced malignancies. The Phase I 
primary endpoints included adverse events (AEs), serious 
adverse events (SAEs), and the rate of dose-limiting tox-
icities (DLTs).

DLTs were defined as an AE causally related to rivocer-
anib and / or pembrolizumab during the 6 weeks of treat-
ment (between the first day of the first cycle and the first 
day of the third cycle). Additionally, one of the following 

criteria had to be fulfilled: any grade 4 toxicity; grade 3 
febrile neutropenia; grade 3 hematologic toxicity last-
ing > 7 days; uncontrollable hypertension defined as Stage 
2 hypertension requiring a dose reduction; other grade 
3 toxicities including nausea, vomiting, and diarrhea, 
continuing for more than 72 h despite optimal medical 
management; grade 2 toxicity warranting a preemptive 
dose reduction of rivoceranib in the opinion of the 
investigator; any toxicity of any grade warranting a dose 
reduction of rivoceranib; any toxicity of any grade war-
ranting withholding or delaying a pembrolizumab infu-
sion; immune-related toxicities which do not resolve to 
grade ≤ 1 within 14 days, including grade ≥ 2 pneumoni-
tis, grade ≥ 2 enterocolitis, grade ≥ 2 nephritis, grade ≥ 2 
hepatitis, grade ≥ 3 rash, grade ≥ 3 hypothyroidism, and 
any immune- related toxicity requiring systemic steroid 
treatment; Hy’s Law (3 × ULN elevation of transami-
nases and concomitant 2 × ULN elevation of bilirubin 
without alternative etiology); failure to receive at least 
80% of the expected doses of rivoceranib due to toxicity.

The secondary objectives of the trial were to assess the 
efficacy of the combination. Objective response rate and 
progression-free survival were evaluated per Response 
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 
1.1) criteria.

Eligible patients were treated with 300 mg rivocer-
anib (LSK BioPartners) orally once daily, with a mini-
mum of 16 h between doses, and 200 mg pembrolizumab 
IV infusion on the first day of each 21-day cycle. It was 
planned to increase the dose of rivoceranib by 100 mg, up 
to a maximum daily dose of 700 mg was reached, every 
three to six patients providing that at most one out of six 
patients treated experienced DLTs.

Inclusion criteria
Eligible patients aged 18 or over who qualified for pem-
brolizumab therapy based on FDA-approved indi-
cations were included: urothelial carcinoma having 
progressed during or following platinum-based chemo-
therapy; MSI-H or dMMR solid tumors; gastric or gas-
troesophageal junctio3n adenocarcinomas expressing 
PD-L1 (CPS ≥ 1) who had progressed on at least two 
prior lines of systemic chemotherapy, and, if appropriate, 
HER2 / neu-targeted therapy.

Study assessments
Primary objectives to assess the safety and tolerability of 
rivoceranib in combination with pembrolizumab were 
based on the rate of AEs, SAEs, and DLTs. All AEs and 
SAEs were graded with the National Cancer Institute 
Common Terminology Criteria for Adverse Events (v5.0).

Peripheral blood samples for correlative studies 
were collected before the beginning of the study drug 
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treatment, after the completion of 2 cycles (21-day 
cycles), and at the time of progression or treatment 
discontinuation.

Disease assessments were performed every 9 weeks 
(± 1 week) with computed tomography scans of the 
chest, abdomen, and pelvis and treatment response 
was determined utilizing RECIST 1.1.

Flow cytometry
Peripheral blood mononuclear cells (PBMCs) were fro-
zen at −80 °C and thawed immediately prior to analy-
sis. Cells were washed and stained with Zombie UV 
fixable viability dye prior to surface marker staining 
(see Additional file  1: Table  S1 for list of clones and 
manufacturers). Cells were analyzed using a 5 laser 
Cytek Aurora with SpectroFlow Software. Data ana-
lyzed with FlowJo V10.

Cytokine analysis
Serum samples were analyzed via ProcartaPlex Multi-
plex Immunoassay platinum panel 42-plex for humans 
according to the manufacturer’s instructions.

Statistical analysis
All statistical analyses were performed using the statisti-
cal software Prism (GraphPad Software, San Diego, CA), 
R version 4.0.2 (The Foundation for Statistical Comput-
ing, Vienna, Austria). or Stata release 13.1 (StataCorp, 
College Station, TX). Paired t-tests were used to com-
pare changes in leukocyte populations over time. In all 
cases of multiple t-tests the two-stage step-up method of 
Benjamini, Krieger, and Yekutieli was used to correct for 
multiple comparisons.

Results
Patient characteristics
Five patients enrolled from 8 /4 /2018 to 7/8/2019 to 
dose Level 1 and the last follow-up was performed on 
7 /2/2020. The baseline characteristics are described in 
Table 1. The study closed to accrual on 09 /11/2019 ben-
efactor’s decision not to proceed with the study.

Toxicity
Three patients were initially accrued to dose level 1 (riv-
oceranib 300 mg daily). These patients did not have any 
DLT. However, due to AEs of hypertension, fatigue and 
nephritis observed outside the DLT period requiring 

Table 1 Baseline demographics and characteristics

Rivoceranib + Pembrolizumab 
(n = 5)

Age, median (range), in years 65 (52–72)

Male, n (%) 4 (80%)

Diagnosis

 Urothelial carcinoma of the bladder 2 (40%)

 Gastric and gastroesophageal adenocarcinoma 3 (60%)

 MSI– High 0 (0%)

Sites of metastasis

 Lung 2 (40%)

 Lymph Node 2 (40%)

 Liver 1 (20%)

 Bone 1 (20%)

ECOG

  0 3 (60%)

  1 2 (40%)

Former smoker 2 (40%)

History of hypertension 3 (60%)

Prior cancer therapy

 Surgery 3 (60%)

  Radiation 4 (80%)

  Chemotherapy 5 (100%)

  Immunotherapy 3 (60%)

  Pembrolizumab 2 (40%)

  Targeted 3 (60%)
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dose holds and dose reductions, the dose of rivoceranib 
was not escalated above 300 mg daily and 2 more patients 
were accrued to dose level 1.

There were no DLTs noted in any of the five patient 
treated on this phase 1 study. All study participants 
experienced adverse events related to study therapy 
as assessed by the treating investigator (Table  2); one 
patient had significant nausea prior to trial enrollment, 
which remained uncontrolled while on trial leading to 
withdrawal. Table  2 provides a summary of the toxicity 
profile observed in the study population; detailed sum-
maries of adverse events attributed to study therapy are 
shown in Additional file 2: Table S2. Grade 3 AEs attrib-
uted to rivoceranib alone were hypertension, anemia, 
sepsis and increased INR, and predominated in patients 
with urothelial carcinoma.

Efficacy
Four out of the five patients on the study had measurable 
disease as defined by RECIST 1.1 at the time of enroll-
ment. The patient without measurable disease discontin-
ued study therapy early due to poor tolerance. The patient 
did not have a disease assessment while on study, and 
therefore was excluded from all efficacy analyses except 
overall survival. On average, patients completed 4 cycles 
of therapy with a range from 2 to 6 cycles. However, at 
the time of study discontinuation, one subject transferred 
over to an expanded access program and received an 

additional 4 cycles of the combination, receiving a total of 
6 cycles of study therapy.

Three of the four patients with measurable disease 
achieved stable disease with disease shrinkage on scans 
while on study therapy, two of these had previously pro-
gressed on pembrolizumab. One patient had disease pro-
gression without any appreciable response. As shown in 
Fig.  1A, B, the median progression-free survival (PFS) 
was 3.6 months, and the median overall survival (OS) 
was 11.6 months. Interestingly, prior to enrolling in 
APPEASE, one patient with metastatic gastric adenocar-
cinoma had received 4 cycles of second-line pembroli-
zumab monotherapy without any evidence of response 
(Fig.  1C–E). Following the addition of rivoceranib a 
reduction in the size of multiple metastatic lesions was 
observed (Fig. 1F).

Immunomodulatory effects
We analyzed the treatment effect on the peripheral 
blood lymphoid and myeloid compartments, as well as 
serum cytokine levels by evaluating these at screening, 
at the start of cycle 3, and at the end of treatment visit. 
Luo et  al. recently described a small increase in Treg 
frequency one month after patients started on rivocer-
anib 500 mg daily [16]. Preclinical data has not demon-
strated any difference in Treg frequency with rivoceranib 
treatment [17] Consistent with this, we did not find any 
change in Treg homeostasis after starting treatment, and 
these populations were also unchanged after discontinu-
ing therapy (Additional file 3: Fig. S1). Other major lym-
phoid and myeloid populations also did not have altered 
homeostasis while on rivoceranib (Additional file 3: Fig. 
S1).

We analyzed peripheral blood lymphocyte expression 
of a panel of immune checkpoints, as well as costimu-
latory receptors and markers of activation (Additional 
file  4:  Fig. S2). Given the small number of patients and 
the large panel of surface markers, most changes were 
not statistically significant after correcting for multiple 
observations. Interestingly, we found that the patient 
with metastatic gastric adenocarcinoma (scans shown 
in Fig.  1C–F) had a large decrease in frequency  CD4+ 
T-cell,  CD8+ T-cell, and NK cell with expression of mul-
tiple immune checkpoints including LAG3 and TIM3 

Table 2 Toxicity profile and safety summary

Feature Frequency

Number of cycles received, mean (range) 4 (2–6)

All–grade AEs, any cause, n (%) 5 (100%)

Treatment–related AE 5 (100%)

Immune–related AE 3 (60%)

Grade 3 AEs, any cause, n (%) 2 (40%)

Treatment–related grade 3 AEs 2 (40%)

Treatment–related AEs leading to withdrawal from treat-
ment

1 (20%)

AEs leading to dose modification or interruption, n (%) 3 (60%)

AEs leading to death, n (%) 0 (0%)

(See figure on next page.)
Fig. 1 Response to treatment with pembrolizumab + rivoceranib. Kaplan-Meier Curves demonstrating A Progression Free Survival as well as B 
Overall survival. The shaded area represents the pointwise 95% confidence interval. Representative CT images from a patient with metastatic 
Her2-overexpressed gastric adenocarcinoma C 12 / 27 / 2018 CT abdomen demonstrated initial progression following mFOLFOX6 while on 
Herceptin maintenance prior to starting second line Pembrolizumab. D Restaging imaging 4 / 9 / 2019 following cycle 4 Pembrolizumab 
demonstrating continued progression. E Restaging CT abdomen 7/ 1 /2019, one week prior to cycle one Pembrolizumab + Rivoceranib. F Restaging 
CT abdomen 9/6 /2019 demonstrating reduction in size of multiple sites of metastatic disease while on trial
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Fig. 1 (See legend on previous page.)
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(Additional file  3: Fig. S1D, F), as well as decreased 
CD95 expression amongst both  CD4+ and  CD8+ T-cell 
subsets after starting on trial therapy ((Additional 
file  4:  Fig.  2SH). After discontinuing therapy, there was 
a significant increase in the frequency of  CD8+GITR+ 
peripheral blood T-cells (Additional file 4: Fig. S2).

We did not find significant changes in serum cytokine 
levels while on rivoceranib and pembrolizumab (Addi-
tional file 5: Fig. S3).

Discussion
We designed this single-arm Phase I trial to understand 
the safety and tolerability of treatment with rivoceranib 
in combination with the FDA-approved anti-PD1 anti-
body pembrolizumab. Rivoceranib increases antitumor 
immunity when combined with the non-FDA approved 
anti-PD1 antibody camrelizumab in several contexts 
[18–23].

We did not observe any DLTs in the five patients 
treated with rivoceranib 300 mg once a day and pem-
brolizumab 200 mg every 3 weeks, although several 
patients did experience treatment-related AEs. Hence, 
we expanded the enrollment of patients at dose level 1 
(300 mg). Despite doses of up to 850 mg rivoceranib daily, 
as a single agent, in several previous trials focused on 
gastric cancer, patients with metastatic urothelial carci-
noma, had difficulty tolerating 300 mg rivoceranib daily 
in combination with pembrolizumab beyond the initial 
DLT period in this trial. All toxicities were manageable 
with no treatment-related deaths.

In this heavily-pretreated population of patients, 3 
of 4 patients (those with measurable disease burden) 
received clinical benefit and had stable disease with 
disease shrinkage while on trial, including two patients 
who had previously progressed on pembrolizumab, one 
of which had a significant reduction in metastatic bur-
den as shown in Fig. 1. Interestingly, this patient had a 
very large reduction in NK cell populations that express 
multiple immune checkpoints, as well as a large reduc-
tion in expression of multiple immune checkpoints 
amongst his CD8 + effector T-cells. To our knowledge, 
this is also the broadest analysis of the effect on the 
peripheral blood lymphocyte and myeloid compart-
ments in response to inhibiting these two signaling 
receptors to date.

In conclusion, amongst a heavily pretreated popula-
tion of patients with metastatic urothelial, gastric and 
gastroesophageal adenocarcinoma, rivoceranib 300 mg 
daily combined with pembrolizumab can be used safely. 
Moreover, the majority of patients received clinical ben-
efit from treatment, and none experienced any DLTs.

Limitations
In the heterogeneous population of advanced /meta-
static gastroesophageal, gastric and urothelial cancers 
differential tolerance to study medications was noted. In 
this small study with five patients, we did not escalate to 
higher doses due to early study closure. This treatment 
strategy deserves further dosing and efficacy investiga-
tion in larger disease-specific patient populations.

Abbreviations
GI  Gastrointestinal
PD-1  Programmed cell death protein-1
PD-L1  Programmed death-ligand 1
TMB  Tumor mutational burden
ICB  Immune checkpoint blockade
VEGF  Vascular endothelial growth factor
VEGFR2  Vascular endothelial growth factor receptor 2
Treg  Regulatory T cells
APCs  Antigen-presenting cells
FDA  Food and drug administration
MTD  Maximum tolerated dose
AEs  Adverse events
SAEs  Serious adverse events
DLTs  Dose-limiting toxicities
ULN  Upper limit of normal
RECIST 1.1  Response Evaluation Criteria in Solid Tumors version 1.1
MSI-H  Microsatellite instability-high
dMMR  Deficient DNA mismatch repair
HER2  Human Epidermal growth factor Receptor 2
PBMCs  Peripheral blood mononuclear cells

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13104- 023- 06283-5.

Additional file 1: Table S1. Antibodies used for flow cytometry analysis. 

Additional file 2: Table S2. Study therapy related adverse events. 

Additional file 3: Fig S1.  Peripheral blood lymphoid and myeloid 
homeostasis was stable after starting rivoceranib + pembrolizumab.  

Additional file 4: Fig S2. Immune checkpoint expression, costimula-
tory molecule expression, and activation marker expression was largely 
unchanged while on apatinib and pembrolizumab. 

Additional file 5: Fig S3. Peripherial blood cytokine levels were 
unchanged while on apatinib and pembrolizumab. 

Acknowledgements
We would like to thank our patients and their families for participating in this 
study.

Author contributions
Conception and design: SG. Financial support: LSK Biopharma / Elevar Thera-
peutics, University of Utah. Administrative support: HC. Provision of patients: 
SG, JW, GG. Data assembly and analysis: JH, KB, MG, JM, SG, WB, MVB. Manu-
script writing: MG, SA, HC, SG. Final approval of manuscript: SG. All authors 
read and approved the final manuscript.

Funding
This work was supported by NCI award number 5P30CA042014-24, University 
of Utah intramural funds, LSK Biopharma / Elevar Therapeutics, the University 
of Utah Flow Cytometry Facility.

https://doi.org/10.1186/s13104-023-06283-5
https://doi.org/10.1186/s13104-023-06283-5


Page 7 of 7Gumbleton et al. BMC Research Notes           (2023) 16:16  

Availability of data and materials
All data are available upon request.

Declarations

Ethics approval and consent to participate
This trial was approved by the University of Utah / Huntsman Cancer Institute 
institutional review board. All patients provided written informed consent. This 
trial was registered with ClinicalTrials.gov under the identifier NCT03407976.

Consent for publication
We hereby affirm that all authors that all authors have reviewed the 
manuscript, concur with the submission and that none of the data herein 
have been previously reported or are under consideration for publication 
elsewhere.

Competing interests
LSK Biopharma / Elevar Therapeutics provided funding support for the current 
study directly to Huntsman Cancer Institute. University of Utah provided fund-
ing for some correlative studies included in the present manuscript. SG has 
received honoraria from SITC advances in Cancer Immunotherapy as the Salt 
Lake City Program Organizer and presenter, travel support from QED Biophar-
maceutical, as well as funding for other clinical trials from Bristol Myers Squibb, 
Rexahn, Incyte, Novartis, LSK, Five Prime, Mirati, QED, Debiopharm, Merck, 
Pfizer, Astra Zeneca, Medimmune, Clovis, Immunocore, and Seattle Genetics. 
All other authors have no relevant competing interests.

Author details
1 Huntsman Cancer Institute, University of Utah, 2000 Circle of Hope Drive, Salt 
Lake City, UT, USA. 2 Division of Oncology, Department of Internal Medicine, 
University of Utah School of Medicine, Salt Lake City, UT, USA. 3 Division of Epi-
demiology and Huntsman Cancer Institute, Department of Internal Medicine, 
University of Utah School of Medicine, Salt Lake City, UT, USA. 4 Flow Cytometry 
Core Facility, Health Science Center, University of Utah, Salt Lake City, UT, USA. 
5 Department of Oncological Sciences, University of Utah School of Medi-
cine, Salt Lake City, UT, USA. 6 Division of Oncology, Department of Surgery, 
University of Utah School of Medicine, Salt Lake City, UT, USA. 7 Department 
of Veterans Affairs Medical Center, Salt Lake City, UT, USA. 

Received: 12 July 2022   Accepted: 30 January 2023

References
 1. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement 

of PD-L1 on tumor cells in the escape from host immune system and 
tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci U S A. 
2002;99(19):12293–7.

 2. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in 
patients with advanced gastric or gastro-oesophageal junction cancer 
refractory to, or intolerant of, at least two previous chemotherapy 
regimens (ONO-4538-12, ATT RAC TION-2): a randomised, double-blind, 
placebo-controlled, phase 3 trial. Lancet. 2017;390(10111):2461–71.

 3. Shitara K, Van Cutsem E, Bang YJ, Fuchs C, Wyrwicz L, Lee KW, et al. Effi-
cacy and safety of pembrolizumab or pembrolizumab plus chemother-
apy vs chemotherapy alone for patients with first-line, advanced gastric 
cancer: the KEYNOTE-062 phase 3 randomized clinical trial. JAMA Oncol. 
2020;6(10):1571–80.

 4. Shitara K, Ozguroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu 
MH, et al. Pembrolizumab versus paclitaxel for previously treated, 
advanced gastric or gastro-oesophageal junction cancer (KEY-
NOTE-061): a randomised, open-label, controlled, phase 3 trial. Lancet. 
2018;392(10142):123–33.

 5. Powles T, Duran I, van der Heijden MS, Loriot Y, Vogelzang NJ, De Giorgi 
U, et al. Atezolizumab versus chemotherapy in patients with platinum-
treated locally advanced or metastatic urothelial carcinoma (IMvigor211): 
a multicentre, open-label, phase 3 randomised controlled trial. Lancet. 
2018;391(10122):748–57.

 6. Powles T, van der Heijden MS, Castellano D, Galsky MD, Loriot Y, Petrylak 
DP, et al. Durvalumab alone and durvalumab plus tremelimumab versus 
chemotherapy in previously untreated patients with unresectable, locally 
advanced or metastatic urothelial carcinoma (DANUBE): a randomised, 
open-label, multicentre, phase 3 trial. Lancet Oncol. 2020;21(12):1574–88.

 7. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al. Pembroli-
zumab as second-line therapy for advanced urothelial carcinoma. N Engl 
J Med. 2017;376(11):1015–26.

 8. Apte RS, Chen DS, Ferrara N. VEGF in Signaling and Disease: Beyond 
Discovery and Development. Cell. 2019;176(6):1248–64.

 9. Motz GT, Santoro SP, Wang LP, Garrabrant T, Lastra RR, Hagemann IS, et al. 
Tumor endothelium FasL establishes a selective immune barrier promot-
ing tolerance in tumors. Nat Med. 2014;20(6):607–15.

 10. Gabrilovich DI, Chen HL, Girgis KR, Cunningham HT, Meny GM, Nadaf 
S, et al. Production of vascular endothelial growth factor by human 
tumors inhibits the functional maturation of dendritic cells. Nat Med. 
1996;2(10):1096–103.

 11. Khan O, Giles JR, McDonald S, Manne S, Ngiow SF, Patel KP, et al. TOX 
transcriptionally and epigenetically programs CD8(+) T cell exhaustion. 
Nature. 2019;571(7764):211–8.

 12. Kim CG, Jang M, Kim Y, Leem G, Kim KH, Lee H, et al. VEGF-A drives TOX-
dependent T cell exhaustion in anti-PD - 1-resistant microsatellite stable 
colorectal cancers. Sci Immunol. 2019. https:// doi. org/ 10. 1126/ sciim 
munol. aay05 55.

 13. Hack SP, Zhu AX, Wang Y. Augmenting anticancer immunity through 
combined targeting of angiogenic and PD-1 / PD-L1 pathways: chal-
lenges and Opportunities. Front Immunol. 2020;11:598877.

 14. Lee MS, Ryoo BY, Hsu CH, Numata K, Stein S, Verret W, et al. Atezolizumab 
with or without bevacizumab in unresectable hepatocellular carcinoma 
(GO30140): an open-label, multicentre, phase 1b study. Lancet Oncol. 
2020;21(6):808–20.

 15. Li J, Zhao X, Chen L, Guo H, Lv F, Jia K, et al. Safety and pharmacokinet-
ics of novel selective vascular endothelial growth factor receptor-2 
inhibitor YN968D1 in patients with advanced malignancies. BMC Cancer. 
2010;10:529.

 16. Luo HQ, He YF, Chen WJ, Yan Y, Wu SS, Hu XX, et al. Effect of apatinib on 
serum CD4 + CD25 + T cells, NK cells, and T cells subgroup in malignant 
tumor. Technol Cancer Res Treat. 2019;18:1533033819893667.

 17. Zhao S, Ren S, Jiang T, Zhu B, Li X, Zhao C, et al. Low-dose apatinib 
optimizes tumor microenvironment and potentiates antitumor 
effect of PD-1 / PD-L1 blockade in lung cancer. Cancer Immunol Res. 
2019;7(4):630–43.

 18. 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(2):299–309.

 19. Liu J, Liu Q, Li Y, Li Q, Su F, Yao H, et al. Efficacy and safety of camrelizumab 
combined with apatinib in advanced triple-negative breast cancer: an 
open-label phase II trial. J Immunother Cancer. 2020. https:// doi. org/ 10. 
1136/ jitc- 2020- 000696.

 20. Wang D, Yang X, Long J, Lin J, Mao J, Xie F, et al. The efficacy and safety 
of Apatinib Plus Camrelizumab in patients with previously treated 
advanced biliary Tract Cancer: a prospective clinical study. Front Oncol. 
2021;11:646979.

 21. Xie L, Xu J, Sun X, Guo W, Gu J, Liu K, et al. Apatinib plus camrelizumab 
(anti-PD1 therapy, SHR-1210) for advanced osteosarcoma (APFAO) 
progressing after chemotherapy: a single-arm, open-label, phase 2 trial. J 
Immunother Cancer. 2020. https:// doi. org/ 10. 1136/ jitc- 2020- 000798.

 22. Xu J, Zhang Y, Jia R, Yue C, Chang L, Liu R, et al. Anti-PD-1 antibody SHR-
1210 combined with apatinib for advanced hepatocellular carcinoma, 
gastric, or esophagogastric junction cancer: an open-label, dose escala-
tion and expansion study. Clin Cancer Res. 2019;25(2):515–23.

 23. Yuan G, Cheng X, Li Q, Zang M, Huang W, Fan W, et al. Safety and efficacy 
of camrelizumab combined with apatinib for advanced hepatocellular 
carcinoma with portal vein tumor thrombus: a multicenter retrospective 
study. Onco Targets Ther. 2020;13:12683–93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1126/sciimmunol.aay0555
https://doi.org/10.1126/sciimmunol.aay0555
https://doi.org/10.1136/jitc-2020-000696
https://doi.org/10.1136/jitc-2020-000696
https://doi.org/10.1136/jitc-2020-000798

	A phase I open-label study of the safety and efficacy of apatinib (rivoceranib) administered to patients with advanced malignancies to improve sensitivity to pembrolizumab in the second- or later-line setting (APPEASE)
	Abstract 
	Objective 
	Results 

	Introduction
	Main text
	Materials and methods
	Study design and intervention
	Inclusion criteria
	Study assessments
	Flow cytometry
	Cytokine analysis
	Statistical analysis


	Results
	Patient characteristics
	Toxicity
	Efficacy
	Immunomodulatory effects

	Discussion
	Limitations
	Acknowledgements
	References


