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Cabozantinib is an oral tyrosine kinase inhibitor that targets VEGFR, MET and the TAM (TYRO3,
AXL, MER) family of kinase receptors. In addition to their role in tumor growth and angiogen-
esis, cabozantinib targets promote an immune-suppressive microenvironment. Cabozantinib is ap-
proved as single-agent therapy for patients with advanced hepatocellular carcinoma who received
prior sorafenib. Owing to its antitumor and immunomodulatory properties, cabozantinib is be-
ing developed in combination with immune checkpoint inhibitors. Early studies of these com-
binations have shown promising antitumor activity and tolerability in patients with solid tu-
mors. Here, we describe the rationale and design of COSMIC-312, a Phase III study evaluating
the safety and efficacy of cabozantinib in combination with atezolizumab (anti–PD-L1 monoclonal
antibody) versus sorafenib for treatment-naive patients with advanced hepatocellular carcinoma.
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The development of immune checkpoint inhibitors (ICIs) in hepatocellular carcinoma (HCC) and other solid
tumors has prompted a growing interest in combination regimens to enhance efficacy with ICIs. HCC is char-
acterized by immune tolerance, with a complex array of immune cells populating the tumor microenvironment
that are inactivated by local immune-suppressive signals [1]. While single-agent ICIs have demonstrated improved
overall survival (OS) across a number of tumor types in clinical trials, the benefit may be limited to a subset of
patients who achieve durable immune responses. In HCC, ICI monotherapy has demonstrated clinically mean-
ingful durable tumor responses in a subset of patients, with the objective response rate (ORR) ranging from 15
to 18% across studies, but has not shown a statistically significant OS benefit in either the first- or second-line
setting [2,3]. Efforts have intensified to develop strategies to enhance the immune response and overall efficacy of
ICIs, including combination regimens with agents that target pathways involved in tumor progression and possess
immunomodulatory properties [4].

Single-agent treatment with tyrosine kinase inhibitors (TKIs) has been an effective strategy for the management
of advanced HCC since 2007 with the approval of sorafenib [5], and the recent approvals of the newer TKIs,
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lenvatinib [6], regorafenib [7] and cabozantinib [8], as well as the VEGFR2 monoclonal antibody ramucirumab [9]

have further expanded treatment options. Sorafenib and lenvatinib are approved for first-line treatment, while rego-
rafenib, cabozantinib and ramucirumab are second-line options. There is a growing body of preclinical and clinical
evidence in support of TKIs as well as bevacizumab, a monoclonal antibody-targeting VEGF, as suitable partners
for ICIs in combination treatment strategies for solid tumors [4,10–13]. All of these agents inhibit angiogenesis and
have immunomodulatory potential, but their other immunomodulatory targets likely differentiate the antitumor
response of these TKIs in combination with ICIs.

Cabozantinib targets multiple receptor kinases involved in angiogenesis, tumor growth and metastasis, including
VEGF receptors, MET and the TAM family of receptor kinases (TYRO3, AXL, MER) [14]. In early 2019, cabozan-
tinib was approved for patients with advanced HCC who have received prior treatment with sorafenib based on
outcomes from the Phase III CELESTIAL study [8]. In the CELESTIAL study, cabozantinib significantly improved
OS, progression-free survival (PFS) and ORR compared with placebo in a population of patients with previously
treated advanced HCC. In addition to its antitumor activity, cabozantinib has a unique immunomodulatory profile
that has supported clinical studies of combination therapy with ICIs in solid tumors [15–17], including with ate-
zolizumab, an anti-PD-L1 monoclonal antibody [18]. Early analysis of Phase I clinical data have shown promising
safety and efficacy with eight of ten patients with RCC and a clear cell histology attaining a response [19]. These and
other clinical data have supported the development of a Phase III trial program of cabozantinib in combination
with atezolizumab in HCC.

Here we present the rationale and study design of COSMIC-312 (ClinicalTrials.gov: NCT03755791), a Phase III
trial of cabozantinib in combination with atezolizumab as a first-line treatment for patients with advanced HCC. We
discuss relevant data that informed the design of COSMIC-312 (NCT03755791), including results from pivotal
studies of cabozantinib and atezolizumab in HCC as well as preclinical data describing the immunomodulatory
activity of cabozantinib.

Rationale for combining cabozantinib with atezolizumab in patients with HCC
The pivotal Phase III CELESTIAL study randomized patients with previously treated advanced HCC to single-
agent cabozantinib or placebo. CELESTIAL patients had received prior treatment with sorafenib, could have
received up to two prior lines of systemic therapy, had Child–Pugh class A liver function, and Eastern Cooperative
Oncology Group (ECOG) Performance Status (PS) scores of 0 or 1 [8]. Cabozantinib improved the primary end
point of OS relative to placebo, with a median of 10.2 versus 8.0 months (hazard ratio [HR] 0.76; 95% CI
0.63–0.92; p = 0.005), and the secondary end point of PFS, with a median of 5.2 versus 1.9 months (HR: 0.44;
95% CI: 0.36–0.52; p < 0.001). The ORR per Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1 was 4% versus <1% (p = 0.009), all partial responses. Corresponding to the improved PFS, 64% of patients
in the cabozantinib arm achieved disease control (best response of stable disease or better) compared with 33% in
the placebo arm. The treatment refractory rate (i.e., progressive disease as best response) was 21 versus 55%. Safety
results were consistent with previous studies of cabozantinib. The rate of grade 3 or 4 adverse events (AEs) was
68% in the cabozantinib arm and 36% in the placebo arm.

A number of ICI monotherapies have been developed in HCC, with mixed results. The anti–PD-1 monoclonal
antibodies nivolumab and pembrolizumab both received accelerated approvals by the US FDA as second-line
monotherapies for patients with advanced HCC based on clinically meaningful activity in single-arm Phase
II trials [20,21]. However, in a confirmatory Phase III trial (KEYNOTE-240) in advanced HCC, second-line
pembrolizumab versus placebo failed to improve OS (median 13.9 vs 10.6 months; p = 0.024 [did not reach
prespecified level for significance]) or PFS (median 3.0 vs 2.8 months) despite an ORR of 18.3% for pembrolizumab
versus 4.4% for placebo [3]. Similarly, first-line nivolumab in patients with advanced HCC failed to improve OS
versus sorafenib (median 16.4 vs 14.7 months; p = 0.08) or PFS (3.7 vs 3.8 months) in the Phase III CheckMate
459 trial, despite an ORR of 15% for nivolumab versus 7% for sorafenib, and complete responses of 4% versus
1% [2]. Notably, the rate of progressive disease as best response with the ICI monotherapies was relatively high in
these studies – 32.4% for pembrolizumab versus 42.4% for placebo in KEYNOTE-240 and 37% for nivolumab
versus 28% for sorafenib in CheckMate 459, suggesting high rates of primary treatment-refractory disease to ICI
monotherapy in advanced HCC.

Atezolizumab selectively inhibits the interaction between PD-L1 on tumor cells and PD-1 on cytotoxic T cells
in the tumor microenvironment [22], allowing activation of the antitumor immune response that leads to tumor
cell destruction [23]. The clinical development of atezolizumab in solid tumors has included combination therapy
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with the anti-VEGF monoclonal antibody bevacizumab as well as with cabozantinib [18,24,25]. Recently, the Phase
III IMbrave150 study demonstrated improved OS, PFS and ORR with first-line atezolizumab in combination
with bevacizumab compared with single-agent sorafenib in patients with advanced HCC [4]. This study enrolled
patients with Child–Pugh class A liver function and an ECOG PS score of 0 or 1. Atezolizumab plus bevacizumab
improved the coprimary end points of PFS and OS versus sorafenib, with a median PFS of 6.8 versus 4.3 months
(HR: 0.59; 95% CI: 0.47–0.76; p < 0.0001) and a median OS of not reached versus 13.2 months (HR 0.58; 95%
CI 0.42–0.79; p = 0.0006). The investigator-assessed, confirmed ORR per RECIST 1.1 was 27 versus 12%, with
6 versus 0% achieving complete response. The treatment-refractory rate was relatively low in both treatment arms
(20 vs 25%).

There are a number of proposed mechanisms for primary resistance to ICI monotherapy that highlight the
complex interplay between immune tolerance and response within the tumor microenvironment [26]. Overexpression
of immunosuppressive factors by tumor and non-tumor cells may maintain immune tolerance via ‘alternative’
pathways outside of current ICI targets. Immunosuppressive cytokines have been shown to be involved in the
activation, migration and/or recruitment of T regulatory cells, tumor-associated macrophages and myeloid-derived
suppressor cells (MDSCs) [27]. Therefore, inhibition of these alternative immunosuppressive pathways to promote
an immune-permissive tumor microenvironment may enhance response to ICI treatment, leading to ongoing
studies of ICI in combination with agents targeting these pathways [28].

Circulating VEGF and VEGF within the tumor microenvironment also have immunosuppressive effects [26,29].
Tumor cells release VEGF, which can increase the number and function of immunosuppressive cells, including
T regulatory cells, MDSCs and tumor-associated macrophages. Inhibition of the VEGF pathway decreases the
activity of T regulatory cells and MDSCs and promotes maturation of dendritic cells into antigen-promoting cells
(APCs) and lymphocyte infiltration [30,31].

In addition to the VEGF pathway, preclinical studies have described the immunomodulatory activity of other
cabozantinib targets, including MET and the TAM family of receptor kinases (Figure 1) [26,32,33]. Inhibition of
these targets has been shown to promote an immune-permissive tumor microenvironment in preclinical models.
Cancer-associated fibroblasts release HGF, which binds to MET receptors on tumor cells driving PD-L1 expres-
sion, and HGF in the tumor microenvironment promotes mobilization of immunosuppressive neutrophils [34–36].
Inhibition of MET downregulates expression of PD-L1 on tumor cells [34] and blocks the recruitment of im-
munosuppressive neutrophils following checkpoint blockade [35]. The TAM receptors and the ligand GAS6 have
multiple immunosuppressive mechanisms. Tumor-associated macrophages release GAS6, which binds to AXL and
TYRO3 receptors on APCs, suppressing APC maturation and thereby decreasing recruitment of tumor-infiltrating
cytotoxic T cells [37–39]. Binding of GAS6 to MER receptors on macrophages promotes phenotype transition from
M1 (immune-stimulating) to M2 (immune suppression) [40], and AXL activation on tumor cells can suppress
MHC class I expression [37]. Targeting the TAM family of kinases can increase the number of circulating and
tumor-infiltrating cytotoxic T cells and reprogram the phenotype of tumor-associated macrophages from M2 to
M1 [32,39].

Preclinical studies have demonstrated the ability of cabozantinib to modulate both adaptive and innate immune
cells and to exhibit synergistic activity when used in combination with ICIs. Cabozantinib has been shown to increase
infiltration of cytotoxic T cells and decrease the number of MDSCs and tumor-associated macrophages [33]. In a
chimeric murine model of metastatic castrate-resistant prostate cancer, an ICI regimen of anti-CTLA4 and anti-
PD-1 could not generate an effective immune response. The addition of cabozantinib to the regimen elicited a
robust synergistic antitumor response [41]. Cabozantinib was shown to decrease the number and activity of MDSCs
and their suppression of cytotoxic T cells, and cabozantinib in combination with the ICI regimen reduced key
cytokines involved in the recruitment and activity of MDSCs, including CCL5, CCL12, CD40 and HGF.

In clinical studies, single-agent cabozantinib leads to an increase in the number of circulating cytotoxic T cells
and induces activation of the immune system in patients with triple-negative breast cancer [42]. In a study of patients
with metastatic renal cell carcinoma (RCC), cabozantinib increased the number of activated cytotoxic T cells and
produced a shift from an immunosuppressive to an antitumor phenotype in myeloid cells, with a priming of
circulating cytotoxic natural killer and T cells [43]. Furthermore, cabozantinib decreased the number of regulatory
T cells and increased the expression of PD-1 in patients with bladder cancer [16].

Clinical studies have evaluated cabozantinib in combination with ICIs in a number of solid tumors [12,17,18]. A
Phase I trial investigated the combination of cabozantinib and nivolumab with or without ipilimumab in metastatic
urothelial carcinoma and other genitourinary malignancies [12]. This trial demonstrated promising antitumor activity

future science group www.futuremedicine.com 1527



Clinical Trial Protocol Kelley, Oliver, Hazra et al.

• Increases numbers of circulating and tumor-infiltrating cytotoxic T cells
• Promotes macrophage phenotype transition from M2 (immune
  suppressive) to M1 (immune stimulating)
• Increases tumor MHC class I expression
• Promotes maturation of APCs

TAM kinase (TYRO3, AXL, MER) inhibitionVEGFR inhibition

• Decreases number and function of regulatory
  T cells and MDSCs
• Promotes maturation of dendritic cells into APCs

• Normalizes vasculature that promotes
  cytotoxic T-cell infiltration

MET inhibition

• Blocks expression of PD-L1 on tumor cells
• Interferes with mobilization of
  immunosuppressive neutrophils

Cytotoxic T cell

TCR

MHC-I PD-1
PD-L1

MHC-I

Immunosuppressive factors
(eg, TGF-β, IL-10, VEGF, CCL2)

Tumor cells

M2 macrophage
AXL

AXL

MET

MET

MER

VEGFR

VEGFR

VEGFR

MDSC NK cell

Immunosuppressive
factors

Regulatory T cell
Cytotoxic
T cell

PD-1
TYRO3

Neutrophil
APC

Figure 1. Cabozantinib targets pathways associated with tumor immune suppression.
APC: Antigen-presenting cell; MDSC: Myeloid-derived suppressor cells; NK cell: Natural killer cell; TCR: T-cell receptor.

with an ORR of 36% and a median duration of response of 24.1 months in 64 patients who had disease progression
on at least one standard therapy. The Phase I/II CheckMate 040 study evaluated the combination of nivolumab
and cabozantinib with or without ipilimumab in a small cohort of patients with advanced HCC [17]. The triplet
combination (nivolumab, cabozantinib and ipilimumab) compared with the doublet combination (nivolumab and
cabozantinib) resulted in higher ORR by investigator assessment (29 vs 19%), and longer PFS by investigator
assessment (6.8 vs 5.4 months) and OS (not reached vs 21.5 months). Grade 3–4 AEs were more frequent in the
triplet combination (71 vs 47%).

The ongoing Phase I COSMIC-021 study is assessing cabozantinib in combination with atezolizumab in multiple
solid tumor types, including HCC, RCC, urothelial carcinoma and castration-resistant prostate cancer [18,19]. The
dose-escalation stage of COSMIC-021 established the recommended dose of the combination (cabozantinib 40 mg
daily plus atezolizumab 1200 mg every 3 weeks) and reported encouraging activity in patients with RCC, with
eight of ten patients with clear cell histology achieving a response (one complete and seven partial responses). Most
AEs were grade 1/2, including immune-related AEs, with no grade 4/5 AEs at the time of the analysis [19].

Taken together, preclinical and clinical data provide a strong rationale for cabozantinib in combination with
ICI, including atezolizumab, and support the development of a definitive Phase III study to assess the efficacy and
safety of the combination as a first-line treatment in patients with advanced HCC.
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Figure 2. COSMIC-312 study design.
†Every 6 weeks for the first 48 weeks, then every 12 weeks thereafter.
‡Patients may be treated beyond progression if there is a clinical benefit in the opinion of the investigator.
Clinical TrialRegistration: NCT03755791 (ClinicalTrials.gov).
BCLC: Barcelona Clinic Liver Cancer; BID: Twice daily; BIRC: Blinded independent radiology committee; CT: Computed tomography; ECOG:
Eastern Cooperative Oncology Group; EHD: Extrahepatic disease; HCC: Hepatocellular carcinoma; IV: Intravenous; MRI: Magnetic
resonance imaging; MVI: Macrovascular invasion; OS: Overall survival; PFS: Progression-free survival; PO: Oral; PS: Performance Status;
Q3W: Once every 3 weeks; QD: Once daily; RECIST: Response Evaluation Criteria in Solid Tumors.

COSMIC-312 study design
COSMIC-312 (NCT03755791) is a global, randomized, open-label Phase III trial evaluating the efficacy and
safety of first-line therapy with cabozantinib in combination with atezolizumab versus sorafenib in patients with
advanced HCC. COSMIC-312 (NCT03755791) includes a single-agent cabozantinib arm for comparison with
single-agent sorafenib. The single-agent cabozantinib arm was included to better characterize the contribution
of cabozantinib to the combination arm, given the lack of clinical data for single-agent cabozantinib as first-line
therapy in HCC.

Approximately 740 eligible patients with advanced HCC are randomized in a 2:1:1 ratio to receive cabozan-
tinib plus atezolizumab (∼370 patients), sorafenib (∼185 patients) or single-agent cabozantinib (∼185 patients)
(Figure 2). Randomization is stratified by disease etiology (hepatitis B virus [HBV] with or without hepatitis
C virus [HCV], HCV [without HBV], other), region (Asia, other) and presence of extrahepatic disease and/or
macrovascular invasion (yes, no).

For the combination, cabozantinib is administered orally at a dose of 40 mg once daily, and atezolizumab
is administered intravenously at a dose of 1200 mg every 3 weeks. Single-agent sorafenib and cabozantinib are
administered orally at their approved monotherapy doses – sorafenib 400 mg twice daily, and cabozantinib 60 mg
once daily. Patients receive study treatment as long as they continue to experience clinical benefit or until there is
unacceptable toxicity or the need for subsequent systemic anticancer treatment. Radiographic assessment by the
investigator is used for treatment decisions. In the combination arm, dose reductions of cabozantinib are allowed
to 20 mg daily and 20 mg every other day; dose reductions of atezolizumab are not allowed, but dose delays are
permitted. Reescalation to the previous dose of cabozantinib is allowed provided that the AE has resolved to grade
1 (or baseline) and is deemed tolerable and easily managed. For patients who tolerate cabozantinib at 40 mg/day
for 4 weeks, the dose may be increased to 60 mg/day upon sponsor approval. Patients on the combination arm are
allowed to discontinue one component of the study treatment if clinically indicated. In the single-agent cabozantinib
arm, dose reductions are allowed to 40 and 20 mg daily. Patients on the sorafenib arm are allowed dose interruptions
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Table 1. COSMIC-312 study end points.

Primary efficacy end points
Cabozantinib + atezolizumab vs sorafenib
PFS per RECIST version 1.1 by BIRC
OS
Secondary efficacy end point
Cabozantinib vs sorafenib
PFS per RECIST version 1.1 by BIRC

Key additional end points
ORR, TTP and DOR per RECIST version 1.1 by BIRC and by the investigator
Response per modified RECIST
Safety, including evaluation of AEs and immune-related AEs
Pharmacokinetics of cabozantinib
Immunogenicity of atezolizumab
Biomarker analyses (e.g., AFP) and correlations with clinical outcomes
Health-related quality of life and healthcare resource utilization

Clinical TrialRegistration: NCT03755791 (ClinicalTrials.gov).
AE: Adverse event; BIRC: Blinded independent radiology committee; DOR: Duration of response; ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival; RECIST:
Response Evaluation Criteria in Solid Tumors; TTP: Time to progression.

Table 2. Key inclusion/exclusion criteria.

Key inclusion criteria
Histological or cytological diagnosis of HCC or clinical diagnosis of HCC in cirrhotic patients by CT or MRI per AASLD or EASL guidelines†

Measurable disease per RECIST version 1.1 per the investigator
Disease that is not amenable to curative treatment or locoregional therapy
Child–Pugh class A liver function
BCLC Stage B (unsuitable for locoregional therapy) or C
Antiviral therapy if active HBV infection (HB surface antigen positive); HBV DNA �500 IU/ml
ECOG performance status of 0 or 1
Adequate organ and marrow function

Key exclusion criteria
Known fibrolamellar carcinoma, sarcomatoid HCC, or mixed hepatocellular cholangiocarcinoma
Prior systemic anticancer therapy for advanced HCC
Documented hepatic encephalopathy within 6 months before randomization
Clinically meaningful ascites within 6 months before randomization
Any local anticancer therapy including surgery, RFA or TACE within 28 days prior to randomization
Known brain metastases unless adequately treated and stable for at least 8 weeks prior to randomization
Uncontrolled, significant illnesses including active or history of autoimmune disease or immune deficiency
Patients with active, uncontrolled HCV are eligible if managed per local institutional practice; antiviral treatment allowed with sponsor approval
Previous solid organ transplant including liver or allogeneic stem cell transplant

†Sites must be accredited for imaging-based diagnosis of HCC. Patients who do not meet the AASLD or EASL guidelines for imaging diagnosis of HCC or who do not have cirrhosis must
have histological or cytological diagnosis of HCC.
AASLD: American Association for the Study of Liver Diseases; BCLC: Barcelona Clinic Liver Cancer; CT: Computed tomography; EASL: European Association for the Study of the Liver;
ECOG: Eastern Cooperative Oncology Group; HB: Hepatitis B; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; MRI: Magnetic resonance imaging; RECIST:
Response Evaluation Criteria in Solid Tumors; RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization.

and reductions as per local prescribing information. The study may transition to a crossover phase if the analysis of
OS shows statistically significant and clinically meaningful evidence of improvement.

End points
The primary efficacy end points are PFS per RECIST version 1.1 [44] by blinded independent radiology committee
(BIRC) and OS for cabozantinib plus atezolizumab versus sorafenib (Table 1). PFS is defined as time from
randomization to the earlier of either progressive disease or death from any cause, and OS is the time from
randomization to death due to any cause. The secondary efficacy end point is PFS per RECIST version 1.1 by
BIRC for single-agent cabozantinib versus sorafenib.

Additional efficacy end points include the ORR, time to progression and duration of response per RECIST
version 1.1 by BIRC and the investigator, and evaluation of radiographic response per modified RECIST [45].
Safety end points include AEs, immune-related AEs and other AEs of special interest. Other end points include
the pharmacokinetics (PK) of cabozantinib, the immunogenicity of atezolizumab, biomarker analyses (e.g., α-
fetoprotein) and correlations with clinical outcome, health-related quality of life (HRQoL) and healthcare resource
utilization.

Eligibility criteria
Key inclusion/exclusion criteria are highlighted in Table 2. Patients with locally advanced or metastatic HCC
are eligible for enrollment provided they are aged ≥18 years, have measurable disease (per RECIST v1.1 as
determined by the investigator) that is Barcelona Clinic Liver Cancer Stage B (unsuitable for locoregional therapy)
or C, have Child–Pugh class A liver function, and an ECOG PS of 0 or 1. Key exclusion criteria include
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prior systemic anticancer therapy for advanced HCC, certain histopathological subtypes (fibrolamellar carcinoma,
sarcomatoid HCC or mixed hepatocellular cholangiocarcinoma), active or a history of autoimmune disease or
immune deficiency, and previous solid organ or allogeneic stem cell transplant. Patients with active HBV infection are
required to receive antiviral therapy per local standard of care, and the patient must have HBV DNA <500 IU/ml.
Patients with active, uncontrolled HCV are eligible provided liver function meets eligibility criteria and the disease
is managed per local institutional practice.

Assessments
Patients are monitored for radiographic response and progression per RECIST version 1.1. Computed tomography
(CT) of the chest/abdomen/pelvis or CT of the chest and magnetic resonance imaging (MRI) of the abdomen/pelvis
are performed in all patients at screening, every 6 weeks through Week 49 and every 12 weeks thereafter. Any
other known or suspected sites of disease, including in the brain or bone, are followed by CT or MRI at the same
schedule.

Patients are followed for survival until death, withdrawal of consent for noninterventional study assessments, or
sponsor decision to no longer collect survival data.

Safety is assessed every 3 weeks during study treatment and then at 30 and 100 days after treatment discontinua-
tion. Routine safety evaluations include physical examination, vital signs, PS, electrocardiogram, hematology, serum
chemistries, coagulation tests, urine tests and thyroid function tests. AE seriousness, severity grade, relationship to
study treatment and relationship to immune effects are assessed by the investigator. Severity grade is defined by the
National Cancer Institute Common Toxicity Criteria for Adverse Events version 5.

Blood samples for PK and plasma, serum and cellular biomarkers are collected at screening, before first dose of
study treatment, every 3 weeks for the first 12 weeks, and at the post-treatment follow-up visits. Blood samples
for immunogenicity are collected before the first dose, after 12 and 24 weeks, and at post-treatment follow-up
visits. Blood samples from all patients in the combination and the single-agent cabozantinib arms are used for
cabozantinib PK assessment; samples from the combination arm are used for immunogenicity assessment and
atezolizumab PK assessment. If available, tumor tissue (archival or recently biopsied) is collected at screening. An
optional tumor biopsy may be collected approximately 6 weeks after the first dose of study treatment. Exploratory
analyses may include: expression of PD-L1, MET, and other relevant biomarkers in tumor samples; immune cell
infiltration; mutational load assessment; circulating immune cells; blood biomarkers (cytokines/chemokines); and
cell or plasma pharmacogenomics (circulating tumor DNA).

HRQoL assessments are performed using the EuroQol Health questionnaire instrument EuroQol-5-Dimension,
5-Level [46] at baseline and every 6 weeks until the date of the last tumor assessment. Healthcare resource utilization
parameters will be collected from randomization through the follow-up visits.

Statistical design
Analysis populations include the intention-to-treat (ITT) population that consists of all patients randomized to
any of the three study treatment arms, the PFS ITT (PITT) population that consists of approximately the first 372
patients randomized to the combination and sorafenib arms evaluated for the PFS primary analysis, and the safety
population that consists of all patients who receive any amount of study treatment.

The study is designed to provide adequate power for both primary end points and the secondary end point with
a study population of approximately 740 patients. Two interim analyses of OS are planned at approximately 33 and
66% information fractions and will include all patients in the ITT population available at the time of each analysis.
PFS and OS will be summarized by the Kaplan–Meier method. Inferential comparisons between treatment arms
will use the stratified log–rank test. The HR will be estimated using a stratified Cox proportional hazards model,
using the randomization stratification factors.

Study sites
Enrollment is planned at approximately 250 sites in 34 countries located in North and South America, Europe and
the Asia-Pacific region. The first patient was enrolled in December 2018, and accrual is ongoing.

Summary & conclusions
Despite a number of advances in recent years, treatment of advanced HCC remains a clinical challenge. Cabozantinib
is a standard-of-care treatment option for patients with advanced HCC previously treated with sorafenib. In addition
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to its antitumor activity, cabozantinib has a unique immunomodulatory profile that supported its development in
combination with ICIs. In patients with advanced HCC, ICI monotherapy has demonstrated clinically meaningful
activity, but the recent negative results from Phase III studies of ICI monotherapy and the positive results of
atezolizumab in combination with bevacizumab in IMbrave150 support a strategy of combination regimens to
enhance the immune response. In addition to cabozantinib with atezolizumab discussed here, a variety of first-
line ICI combination regimens are being assessed in Phase III trials for patients with advanced HCC, including
durvalumab and tremelimumab in the HIMALAYA trial [47], and lenvatinib plus pembrolizumab in LEAP-002 [48].
As these studies mature, patients and clinicians await a potential shift in the therapeutic landscape of HCC.

Preclinical and clinical evidence provides a strong scientific rationale for the combination of cabozantinib with
atezolizumab and suggests potential for a synergistic effect on tumor response. The Phase III COSMIC-312
(NCT03755791) study will assess the efficacy and safety of cabozantinib plus atezolizumab versus sorafenib for
first-line treatment of patients with advanced HCC. Assessment of biomarkers and HRQoL outcomes will provide
additional insights into the effects of the combination of cabozantinib and atezolizumab.
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Executive summary

Background
• Cabozantinib, a tyrosine kinase inhibitor whose targets include VEGFR, MET and the TAM (TYRO3, AXL, MER)

family of kinase receptors, is approved as a second-line treatment for patients with advanced hepatocellular
carcinoma (HCC).

• Cabozantinib has a unique immunomodulatory profile that has supported its development in combination with
immune checkpoint inhibitors (ICIs).

• COSMIC-312 is a Phase III study of cabozantinib in combination with atezolizumab, an anti–PD-L1 antibody, as a
first-line treatment for patients with advanced HCC.

Rationale for combining cabozantinib & atezolizumab in patients with HCC
• ICI monotherapies have had limited success in advanced HCC; however, the combination of the ICI atezolizumab

with a VEGF inhibitor recently demonstrated positive results for the first-line treatment of advanced HCC in a
pivotal Phase III trial.

• Cabozantinib targets pathways that have been shown to promote an immune-permissive environment through a
number of mechanisms, including inhibition of the recruitment of neutrophils, decreased PD-L1 expression,
promotion of an immune-stimulating macrophage phenotype, and increasing the number of cytotoxic T cells.

• Results from early clinical studies of cabozantinib in combination with atezolizumab for patients with solid
tumors have demonstrated encouraging clinical activity with a manageable safety profile.

COSMIC-312 trial
• The Phase III COSMIC-312 trial (NCT03755791) will investigate the efficacy and safety of cabozantinib in

combination with atezolizumab versus sorafenib in patients with advanced HCC who have not received previous
systemic anticancer therapy. In addition, the trial will evaluate the activity of single-agent cabozantinib compared
with sorafenib to characterize the contribution of cabozantinib to combination therapy.

• Patients will be randomized in a 2:1:1 ratio to receive the combination of cabozantinib and atezolizumab,
sorafenib, or single-agent cabozantinib.

End points
• The primary efficacy end points of the study are progression-free survival (PFS) and overall survival (OS) for the

combination of cabozantinib plus atezolizumab versus sorafenib.
• The secondary efficacy end point is PFS for single-agent cabozantinib versus sorafenib.
• Other efficacy end points include objective response rate (ORR), time to progression, duration of response, and

radiographic response. Safety end points include adverse events (AEs) and immune-related AEs. Other end points
include pharmacokinetics, immunogenicity, biomarker analyses and health-related quality of life.

Eligibility criteria
• Eligible patients have treatment-naive Barcelona Clinic Liver Cancer Stage B or C HCC, have Child–Pugh class A

liver function, and an Eastern Cooperative Oncology Group Performance Status of 0 or 1.
• Exclusion criteria include certain histopathological subtypes, known brain metastasis, and previous solid organ

transplant.
Assessments
• Patients will be monitored for radiographic response and progression per Response Evaluation Criteria in Solid

Tumors version 1.1 at baseline and every 6 weeks.
• Safety will be evaluated every 3 weeks. AE seriousness, severity grade, relationship to study treatment and

relationship to immune effects will be assessed by the investigator.
• Blood samples for pharmacokinetics, immunogenicity and plasma, serum and cellular biomarkers will be collected

at screening, before the first dose of study treatment and every 3 weeks.
Statistics
• Approximately 740 patients are expected to enroll. The study is designed to provide adequate power for both

primary end points and the secondary end point.
• The intention-to-treat population will include all randomized patients and will be used for analysis of the primary

OS end point to compare the combination arm with the sorafenib arm.
• The PFS intention-to-treat population will consist of the first 372 patients randomized to the combination and

sorafenib arms. The PFS intention-to-treat population will be used for analysis of the primary PFS end point.
Conclusion
• COSMIC-312 will provide efficacy and safety data on the combination of cabozantinib plus atezolizumab versus

sorafenib, as well as PFS results for single-agent cabozantinib versus sorafenib.
• Results of this trial will define the role of cabozantinib as a partner with atezolizumab as a first-line treatment of

patients with advanced HCC.
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36 Hübel J, Hieronymus T. HGF/Met-signaling contributes to immune regulation by modulating tolerogenic and motogenic properties of
dendritic cells. Biomedicines 3(1), 138–148 (2015).

37 Aguilera TA, Rafat M, Castellini L et al. Reprogramming the immunological microenvironment through radiation and targeting Axl.
Nat. Commun. 7, 13898 (2016).

38 Guo Z, Li Y, Zhang D, Ma J. Axl inhibition induces the antitumor immune response, which can be further potentiated by PD-1
blockade in the mouse cancer models. Oncotarget 8(52), 89761–89774 (2017).

39 Paolino M, Penninger JM. The role of TAM family receptors in immune cell function: implications for cancer therapy. Cancers
(Basel) 8(10), 97 (2016).

40 Graham DK, Deryckere D, Davies KD, Earp HS. The TAM family: phosphatidylserine sensing receptor tyrosine kinases gone awry in
cancer. Nat. Rev. Cancer 14(12), 769–785 (2014).

41 Lu X, Horner JW, Paul E et al. Effective combinatorial immunotherapy for castration-resistant prostate cancer. Nature 543(7647),
728–732 (2017).

• Provides preclinical findings in a murine model of castration-resistant prostate cancer supporting the combination of
cabozantinib and immune checkpoint blockade.

42 Duda DG, Ziehr DR, Guo H et al. Effect of cabozantinib treatment on circulating immune cell populations in patients with metastatic
triple-negative breast cancer (TNBC). J. Clin. Oncol. 34(Suppl. 15), 1093–1093 (2016).

43 Verzoni E, Ferro S, Procopio G et al. Potent natural killer (NK) and myeloid blood cell remodeling by cabozantinib (Cabo) in pretreated
metastatic renal cell carcinoma (mRCC) patients. Ann. Oncol. 29(Suppl. 8), viii303–viii331 (2018).

44 Eisenhauer EA, Therasse P, Bogaerts J et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1).
Eur. J. Cancer 45(2), 228–247 (2009).

45 Hodi FS, Ballinger M, Lyons B et al. Immune-modified Response Evaluation Criteria in Solid Tumors (imRECIST): refining guidelines
to assess the clinical benefit of cancer immunotherapy. J. Clin. Oncol. 36(9), 850–858 (2018).

46 Herdman M, Gudex C, Lloyd A et al. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual.
Life Res. 20(10), 1727–1736 (2011).

future science group www.futuremedicine.com 1535



Clinical Trial Protocol Kelley, Oliver, Hazra et al.

47 Abou-Alfa GK, Chan SL, Furuse J et al. A randomized, multicenter Phase III study of durvalumab (D) and tremelimumab (T) as
first-line treatment in patients with unresectable hepatocellular carcinoma (HCC): HIMALAYA study. J. Clin. Oncol. 36(Suppl. 15),
TPS4144–TPS4144 (2018).

48 Llovet JM, Kudo M, Cheng A-L et al. Lenvatinib (len) plus pembrolizumab (pembro) for the first-line treatment of patients (pts) with
advanced hepatocellular carcinoma (HCC): Phase III LEAP-002 study. J. Clin. Oncol. 37(Suppl. 15), TPS4152–TPS4152 (2019).

1536 Future Oncol. (2020) 16(21) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


