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Abstract

Objectives: The surface receptor MET is highly expressed on primary uveal melanoma (UM); 

MET inhibitors demonstrated early clinical signals of efficacy in slowing UM growth. The 

primary objective of our study was to compare the progression-free survival rate at 4 months 

(PFS4) of patients with UM treated with cabozantinib or chemotherapy.

Methods: Patients with metastatic UM and RECIST measurable disease were randomized 2:1 to 

receive either cabozantinib (arm 1) versus temozolomide or dacarbazine (arm 2) with restaging 
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imaging every two cycles. Cross-over from arm 2 to cabozantinib after progression was allowed 

(arm 2X). Available tumor specimens were analyzed by whole exome sequencing and results were 

correlated with outcome.

Results: Forty-six eligible patients were accrued with 31, 15 and 9 in arms 1, 2 and 2X, 

respectively. Median lines of prior therapy, including hepatic embolization, was two. Rates of 

PFS4 in arm 1 and arm 2 were 32.3% and 26.7% (p=0.35), respectively, with median PFS time of 

60 and 59 days (p=0.964; HR=0.99). Median overall survival was 6.4 months and 7.3 months 

(p=0.580; HR=1.21), respectively. Grade 3–4 CTCAE adverse events were present in 61.3%, 

46.7%, and 37.5% in arms 1, 2 and 2X, respectively. Whole exome sequencing demonstrated a 

mean tumor mutational burden of 1.53 mutations/Mb and did not separate OS ≤ or > 1 year 

(p=0.14). Known mutations were identified by whole exome sequencing and novel mutations were 

nominated.

Conclusions: MET/VEGFR blockade with cabozantinib demonstrated no improvement in PFS 

but an increase in toxicity relative to temozolomide/dacarbazine in metastatic UM.
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Introduction

Melanoma arising in the uveal tract (iris, ciliary body, and choroid) is the most common 

intraocular malignancy though an uncommon type of all melanomas(1). Following 

management of primary uveal melanoma (UM), patients retain an approximately 50% risk 

of metastasis. Metastasis has preferential hepatic tropism with median survival of 6–12 

months following distant disease(1). To date there are no systemic therapies that have 

demonstrated a consistent benefit for metastatic UM including immune checkpoint 

inhibitors(2,3) and targeted therapies(4), and therefore hepatic tumor embolization or 

alkylating chemotherapy (temozolomide or dacarbazine) remain default approaches(1).

As opposed to cutaneous melanoma(5), UMs lack mutations of B-RAF, N-RAS, and c-KIT; 

however, the majority carry a mutation in either the G-protein α-subunit q (GNAQ) or 11 

(GNA11)(6). GNAQ/GNA11 signaling is thought to drive phospholipase C and other 

downstream targets to stimulate mitogen-activated protein kinase (MAPK)(7). Beyond the 

G-α pathway, several other genes have also been identified as recurrently dysregulated or 

overexpressed. These include the tumor suppressor BAP1, RNA splicing factor SF3B1, the 

transcription initiation factor EIF1AX, and the phospholipase C regulator PCLB4 in the rare 

non-GNAQ/GNA11 mutated UM(7).

In addition to recurrently mutated genes, overexpression of the receptor tyrosine kinase 

MET is described in primary UM in up to 83% of assayed samples(8). MET expression has 

been associated with a significantly higher risk of death from metastatic disease(9) and MET 

expression influences melanoma-specific mortality(10). MET being an influencing factor in 

liver metastasis in UM is logical given that the MET ligand hepatocyte growth factor (HGF) 

is produced in significant quantities in the liver. The migratory ability of UM cells is 
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promoted by HGF and enhances motility and invasion in UM murine models(11). MET 

blockade by short hairpin RNA or selective inhibitors demonstrated significant inhibition of 

tumor cell proliferation, inhibition of cell migration and reduction in metastases(8,12,13).

Cabozantinib is small molecule inhibitor of multiple receptor tyrosine kinases, notably 

including MET and vascular endothelial growth factor receptor 2 (VEGFR2) as well as 

additional targets including RET, AXL, KIT, and TIE-2(14). Cabozantinib has been 

approved for or demonstrated significant activity in medullary thyroid, renal cell as well as 

hepatocellular carcinoma and has demonstrated bone-centric activity in diseases such as 

castration-resistant prostate cancer and osteosarcoma(14–16). Cabozantinib was investigated 

in melanoma via a randomized discontinuation study including 23 patients with UM(17). 

These patients were described to have substantial tumor burden with median sum of the 

longest diameter of target lesions of 11.9 cm and hepatic metastases were present in 70%. 

While no responses were observed in these patients, 61% of patients had stable disease at 

week 12 with a median progression-free survival (PFS) of 4.8 months. The rate of PFS at 6 

months was 41%, six patients stayed on treatment for >10 months and overall survival was 

12.6 months. Two patients with bone metastases, who had a baseline bone scan, experienced 

partial resolution of their bone lesions during treatment with cabozantinib. Here we describe 

Alliance for Clinical Trials in Oncology A091201, a randomized phase II trial of the 

multiple TKI cabozantinib that also inhibits MET and VEGFR2 compared with 

temozolomide (TMZ) or dacarbazine (DTIC) in patients with metastatic UM.

Materials and Methods

Patient Eligibility:

The trial was reviewed and approved by the NCI Central Institutional Review Board (CIRB) 

or the IRB of each participating site (ClinicalTrials.gov Identifier: NCT01835145). All 

patients had to meet eligibility criteria including, but not limited to: histologically confirmed 

metastatic UM, Eastern Cooperative Oncology Group (ECOG) performance status (0–1), 

response evaluation criteria in solid tumors (RECIST) version 1.0 measurable disease, any 

number of prior therapies except MET/VEGFR2 inhibitors or alkylating chemotherapy and 

no increased risk of thrombosis, hemorrhage or pancreatitis as well as standard biochemical 

parameters including hepatic liver enzymes up to 5 times the upper limit of normal. Each 

participant signed an IRB-approved, protocol-specific, informed written consent document. 

This trial was conducted in accordance with Declaration of Helsinki and institutional 

guidelines.

Trial Design:

A091201 was a randomized phase II trial evaluating cabozantinib (arm 1) versus TMZ or 

DTIC (arm 2) in patients with metastatic UM. Patients were randomized 2:1 towards arm 1 

with stratification factors including prior exposure to MEK inhibitor and site of metastasis 

(liver versus other). Patients in arm 2 had the potential to cross-over to treatment with 

cabozantinib (arm 2X) after progression on chemotherapy by RECIST criteria, or resolution 

of dose-limiting toxicity; these patients were required to meet all eligibility criteria at the 

time of cross over, as pre-specified in the study protocol. The primary objective was to 

Luke et al. Page 3

Clin Cancer Res. Author manuscript; available in PMC 2020 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://ClinicalTrials.gov
https://NCT01835145


evaluate whether cabozantinib could improve the 4-month progression-free survival (PFS4) 

in UM patients from 15%, as previously described for temozolomide(18), to 40% with 

cabozantinib. A one-sided, two-group, chi-squared test of equal proportions with a 10% type 

I error was pursued. A total sample size of 66 evaluable patients was proposed with 81% 

power to detect a difference in PFS4 rates of 0.25 (0.40 versus 0.15). A futility stopping rule 

was included so that accrual would stop in the event that fewer than 6 of the first 22 patients 

were progression free at 4 months. Accrual did not stop while assessing the futility stopping 

rule. The proportion of progression-free patients at the 4-month restaging is presented with a 

90% exact binomial confidence interval. Progression-free survival was defined as the time 

from the start of treatment until disease progression or death from any cause; overall survival 

(OS) was defined as the time from the start of treatment until death from any cause. The 

distributions of OS and PFS are presented using the method of Kaplan-Meier with 90% 

confidence intervals estimated using log(-log(endpoint)) methods. Descriptive statistics 

(means, standard deviations, medians, ranges, and percentages) are reported for baseline 

clinical and demographic data.

Secondary endpoints included PFS, OS, RECIST response rate (RR) and safety assessment 

of each arm. Adverse events were scored based on the National Cancer Institute’s Common 

Terminology Criteria for Adverse Events (CTCAE v4.0). The trial accrual proceeded from 

September 18, 2013 to April 21, 2016.

Data collection and statistical analyses were conducted by the Alliance Statistics and Data 

Center. Data quality was ensured by review of data by the Alliance Statistics and Data 

Center and by the study chairperson following Alliance policies.

This randomized phase II therapeutic trial was monitored at least twice annually by the 

Alliance Data and Safety Monitoring Board, a standing committee composed of individuals 

from within and outside of the Alliance.

Whole exome sequencing and analysis:

To inform drug development in mUM, baseline metastatic tumor samples (n=19; 1 lung, 18 

liver) were studied by whole exome sequencing (WES) in exploratory fashion following trial 

completion. Formalin-fixed paraffin-embedded (FFPE) tumor biopsies were collected and 

reviewed first for diagnostic confirmation and grade tumor percentage by pathologists at the 

University of Chicago. Tumor DNA were isolated from tumor samples using the QIAGEN 

AllPrep DNA/RNA FFPE kit (Qiagen, Hilden, Germany), and the integrity and 

quantification were evaluated on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa 

Clara, USA) and qubit (Thermo Fisher, Waltham, USA), respectively. 200 ng of DNA was 

used for whole exome + UTR capture using the Agilent SureSelect Human All Exon V6 

plus UTR kit (Agilent Technologies, Santa Clara, USA). 100bp paired-end sequencing reads 

were generated on an Illumina HiSeq 4000 instrument (Illumina, San Diego, USA) at the 

University of Chicago Functional Genomics Facility.

The raw sequencing data were analyzed following previously described protocols (19). In 

brief, the quality of raw reads was assessed by FastQC (v0.11.5), and preprocessed to trim 

adaptors and merge 3’ overlapping mates using FLASh (v1.2.11). Clean reads were aligned 
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to human reference genome (GRCh38) by BWA-MEM (v0.7.17), followed by duplicate read 

removal, low mapping quality alignment (<30) removal, and base quality score recalibration 

by GATK4 (v4.0.10.1). Putative somatic mutations (single nucleotide variants (SNVs) and 

small insertions/deletions (indels)) were detected by somatic variant caller GATK4-

MuTect2. Stringent filters were applied to the variant calls that passed the default setting of 

MuTect2 to further remove potential germline variants identified as those present at allele 

frequency (AF) ≥ 0.0001 in 1000 Genomes Project (G1000), the NHLBI Grand Opportunity 

Exome Sequencing Project (ESP), or the Exome Aggregation Consortium (ExAC) on non-

TCGA samples. Variants that passed all filters were carried on for annotation using 

ANNOVAR (April 2018 release). The tumor mutational mutation burden was calculated by 

the number of mutations that were predicted to cause protein sequencing change, including 

non-synonymous/stopgain/stoploss SNVs, frameshift/non-frameshift indels, and variants 

that modify splicing sites.

Results

Baseline Patient Characteristics

A total of 46 eligible patients were enrolled in this trial, including 31 in arm 1 and 15 in arm 

2. One patient in arm one was deemed ineligible after being enrolled because their initial 

aspartate aminotransferase value was outside the range required by the protocol; this patient 

was not included in the trial outcome analyses. Nine patients proceeded from arm 2 into arm 

2X to receive cabozantinib.

Patient baseline characteristics for each cohort are described in Table 1. The median age for 

entire cohort was 62.5 years (range: 30 to 86) with 56.5% male and median performance 

status 0. The median disease-free interval (i.e. time between primary diagnosis and 

metastatic date) for arm 1 was 41.0 months (range 0 to 355.8 months) and arm 2 was 47.8 

months (range of 0.2–263.3 months) with overall median of 42.7 months. Liver metastases 

were present in 44 patients (95.7%); 21 patients (45.7%) had liver only disease. Baseline 

lactate dehydrogenase (LDH) was above the upper limit of normal in 29 patients (63%). 

Other common sites of disease included lung (41.3%) and bone (21.7%). All patients had 

undergone prior surgery or radiation to the primary lesion and median lines of therapy in the 

metastatic setting was 2. Prior treatment included ipilimumab in 26% of patients, anti-PD1 

antibodies in 17% (no patients received ipilimumab plus nivolumab) and hepatic arterial 

embolization in 13%.

Treatment Outcome

Outcomes for response, median PFS, PFS2, PFS4 and OS are described in Table 2. One 

patient in arms 1 had an unconfirmed RECIST response and best overall response for all 

patients who underwent a restaging imaging scan after treatment initiation are shown in 

Supplementary Figure 1.

Of the 31 patients randomized to arm 1, 10 met the primary endpoint of PFS4 (32.3%) 

compared to 4 of 15 randomized to arm 2 (26.7%; p=0.350). Of the first 22 patients treated 

in arm 1, 5 were progression free at 4 months and the futility stopping rule was triggered 
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though accrual continued during analysis. Progression-free survival for arm 1 and arm 2 are 

shown in Figure 1. No difference in median PFS was observed between arm 1 at 60 days 

(95% CI: 56–162 days) compared with arm 2 at 59 days [95% CI: 56–152 days; p=0.964, 

hazard ratio (HR) 0.99 (95% CI: 0.51–1.86)]. The trial was terminated by the Alliance Data 

and Safety Monitoring Board for futility after the interim analysis.

There remained 6 patients alive at analysis with a median follow-up time of 2.1 years (range 

1.9–2.3 years). Four of these patients were randomized to the cabozantinib arm and the other 

2 were randomized to the TMZ/DTIC arm. The median OS in arm 1 was 191 days (6.4 

months; 95% CI: 168–314) versus 218 days (7.3 months; 95% CI: 170-NA days) in arm 2 

with logrank test indicating no difference [p=0.580, HR=1.21 (95% CI: 0.62–2.34)]. Kaplan-

Meier analysis of OS is shown in Figure 2.

Of the 9 patients who proceeded from arm 2 to arm 2X, the median PFS, as measured from 

the time of cross over to progression, was 63.5 days and rate of PFS4 was 33.3%.

Treatment-Related Adverse Events

Adverse event reporting is summarized by high-grade adverse events in Table 3 and all 

events appear, by arm, in Supplementary Table 1. All patients described adverse events 

irrespective of attribution; grade 3–4 adverse events were 71.0% and 66.7% in arms 1 and 2, 

respectively. Common attributable grade 3–4 events included fatigue, increased aspartate 

aminotransferase (AST) or alanine aminotransferase (ALT) and thromboembolic events. 

Grade 3 or higher adverse events were present in 51.6% and 20.0% in arms 1 and 2, 

respectively. Of the 9 patients who proceeded from arm 2 to arm 2X to receive cabozantinib, 

grade 3 or higher adverse events were present in 33.3% of patients. The median percentage 

of predicted dose delivered by arm was 87%, 100% and 100% for arm 1, 2 and 2X, 

respectively. For patients in each arm who experienced Grade 3–4 toxicity the median 

percentage of dose was 67%, 100% and 65%.

Whole Exome Sequencing Results

Baseline metastatic tumor samples (n=19; 1 lung, 18 liver) were studied by whole exome 

sequencing (WES) to determine the number and frequency of genetic alterations, as 

summarized in Figure 3A. Within the G protein–coupled receptor (GPCR) signaling 

pathway, mutations in GNA11/Q were enriched (20). Other previously described mutations 

found in UM populations include SF3B1 (37%, n=7) and BAP1 (26%, n=5). Mutations not 

well described previously were also identified, though without matched normal DNA; these 

are pending validation and are presented for exploratory purposes (Supplementary Figure 2). 

This includes mutations in GOLGA6L10 (32%, n=6), PKD1L3 (26%, n=5), and FAM228B 
(16%, n=3). The total tumor mutational burden (TMB) was also calculated for each sample 

and demonstrated a TMB of 46±4 (mean±SEM); this did not separate OS ≤ or > 1 year 

(p=0.14; Figure 3B). Noting that somatic mutations per megabase (mut/Mb) has become a 

more conventional reporting method for TMB, a mean TMB of 1.53 mut/Mb was calculated 

using previously-described standardization methods(21).
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Discussion

Outcomes for patients with metastatic UM are poor and no systemic therapies are clearly 

associated with a benefit(1). Based on the observation of high expression of the MET 

receptor in UM(12), we performed a randomized phase II study investigating the clinical 

activity of the MET inhibitor cabozantinib as compared with chemotherapy. We observed no 

confirmed RECIST quality responses to either cabozantinib or chemotherapy and noted no 

difference in PFS or OS, with the clinical trial being discontinued at interim futility analysis.

These results come as somewhat of a surprise given previous early phase trial experience 

evaluating cabozantinib in patients with UM, where a median PFS of greater than 4 months 

was described(17). The results are in line with previously published PFS for chemotherapy 

in metastatic UM(18). These results also may call into question whether pursuing 

therapeutic targets based on data from the primary setting (i.e., MET) should be prioritized 

in trials of metastatic disease. Noting the randomized discontinuation design of the previous 

trial, a major point of difference may concern patient selection, with A091201 

predominately drawing from the community practice setting as opposed to referral center 

phase I programs in the prior study. The baseline patient characteristics in A091201 

suggested a poor risk group with nearly all patients having liver metastases and high levels 

of LDH. In addition, rates of adverse events with cabozantinib may have been higher in the 

community practice setting, where at the time of the trial there was less experience using 

cabozantinib. In the study, patients treated in Arm 1 experienced more toxicity (measured by 

grade 3–4 events) relative to Arm 2. It appears that patients treated in Arm 1 received lower 

drug exposure than anticipated and this could have affected the efficacy results.

Prior to and during the study accrual period, data emerged suggesting MEK inhibition as a 

useful therapeutic modality in UM(22),and it was therefore deemed necessary to stratify 

patients within the study by previous MEK inhibitor therapy. This turned out not to be 

necessary as only one patient had previous MEK inhibitor treatment and subsequent studies 

have called into question the broad applicability of MEK inhibition for metastatic UM(4). 

Additionally, we observed that rates of liver directed treatments, such as hepatic arterial 

embolization, appeared to be lower than would generally be expected. These points raise the 

peculiarities of designing clinical trials in rare patient populations where treatment at 

academic centers may follow different practice patterns relative to the community setting. 

Accrual to the study was slower than expected due to the rise of immune-checkpoint 

blockade in melanoma, though it is noted that any possible benefit of checkpoint 

immunotherapy in UM is quite modest(2,3).

Relative to future trials in UM, a general cross-study comparison to note is the similarity of 

PFS for therapies that have been deemed to be clinically ineffective. In A091201 the median 

PFS was nearly identical between experimental and control groups at approximately 2 

months (n=46 patients). In the SUMIT trial of selumetinib plus DTIC versus DTIC plus 

placebo, a median PFS was observed to be 2.8 (n=97 patients) versus 1.8 months (n=32 

patients), respectively (HR 0.78; 95% CI, 0.48–1.27; P = .32) (4). Therefore, a reasonable 

historical comparison from randomized clinical trials of metastatic UM could be considered 

to be a weighted median of 2.4 months (175 patients A091201 and SUMIT) or 1.9 months 
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(78 patients A091201 plus patients treated with DTIC plus placebo in SUMIT). As 

mentioned above, accrual to A091201 was slow as it became unclear to the field during the 

study period (and remains so) what an appropriate control arm therapy should be for 

metastatic UM. Chemotherapy is historically ineffective in UM(1) and there was reticence 

among some investigators surrounding the DTIC/TMZ treatment arm, yet checkpoint 

immunotherapy is only modestly effective. While combined checkpoint therapy has, to date, 

provided a modest benefit with response rates ranging from 10–17% in single-arm phase II 

studies, it is more toxic than single agent checkpoint blockade(23). Given the number of 

patients treated across A091201 and SUMIT with consistent PFS outcomes, perhaps single 

arm designs for future studies could be explored to limit the number of patients accrued to 

treatments that the community deems as ineffective.

Cabozantinib is an inhibitor of a broad spectrum of tyrosine kinases, including but not 

limited to MET, VEGFR2, RET, AXL, KIT, and TIE-2(14) and this kinome spectrum may 

provide insight on UM tumor dependencies and combination strategies to prioritize. Clinical 

trials have reported promising outcomes of patients treated on single arm phase II studies of 

angiogenesis-targeting approaches such as sunitinib(24). However, a randomized phase II 

study of sunitinib versus chemotherapy did not demonstrate significant clinical activity(25). 

As cabozantinib is a more potent inhibitor of VEGFR2, the results of A091201 would 

suggest de-prioritization of VEGF(R) blockade in UM as monotherapy. Recent studies of 

cabozantinib in combination with anti-PD1 immunotherapy in genitourinary malignancies 

have suggested a benefit, even in non-T cell-inflamed tumor types such as penile 

cancer(26,27). The proposed immunologic mechanisms of this additive benefit could include 

impact on T cell trafficking via inhibition of VEGF(28), innate immunity via TAM (Tyro3, 

Axl, Mer) kinases(29) and others. The majority of UM have been described as non-T cell-

inflamed(7,30) and based on these arguments the combination of cabozantinib with 

immunotherapy might be considered in metastatic UM as well. Particularly it is of interest to 

consider combination strategies beyond checkpoint blockade with novel 

immunotherapeutics such as engineered T cell receptor anti-CD3 anti-gp100 bispecific 

molecules(31) or tumor-infiltrating lymphocytes(32).

This study represents one of few cohorts of metastatic UM samples to be characterized by 

WES. The mutational patterns are in part consistent with prior descriptions of primary UM 

tumor samples. For example, mutations in the GPCR signaling pathway were most common: 

GNA11 occurred more frequently than GNAQ, and in a mutually exclusive pattern(20). 

Mutations in SF3B1 and BAP1 were also common; BAP1 mutations occurred exclusively in 

the presence of SF3B1 wild-type tumors as has previously been reported in the analyses of 

primary UM samples(33). Other mutations that have not been well described in UM were 

also observed in exploratory fashion and will be of interest as larger data sets of metastatic 

UM are characterized.

Whereas cutaneous melanoma is known to have a high rate of somatic mutations with a total 

TMB > 400, the TMB for this study cohort was low at 46±4 (mean±SEM)(27). As a 

biomarker, TMB has also been explored in cutaneous melanoma where, when combined 

with interferon-gamma gene expression signatures, a high mutational burden increased the 

prognostic power to predict a prolonged relapse-free survival in stage III melanoma. 
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However, on its own TMB failed to distinguish responders and non-responders to 

BRAF/MEK targeted therapies(34,35). Similarly, in this study cohort, TMB failed to 

differentiate OS > 1 year to OS ≤1, suggesting that TMB as a singular biomarker may not 

accurately predict survival in UM.

In summary, this randomized phase II study demonstrated no improvement of PFS or OS for 

cabozantinib as compared with chemotherapy in patients with metastatic UM. Toxicities 

were substantial, although they might be less now that cabozantinib has obtained broad 

usage in thyroid, kidney and liver malignancies. Clinical outcomes were similar to other 

recent randomized studies in UM, potentially suggesting a historical reference point for 

patients treated outside of major referral centers. Though little future seems likely as 

monotherapy, exploratory studies in genitourinary cancers (36) suggest a possible utility for 

cabozantinib in combination with immunotherapy even in non-T cell-inflamed tumors 

potentially including UM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Uveal melanoma is a rare subset of all melanomas with particularly poor outcomes in the 

metastatic setting. There is no clear standard of care therapy for metastatic disease as 

these melanomas lack BRAF mutations and only rarely respond to immune checkpoint 

blockade. Primary uveal melanoma overexpresses MET kinase, with preclinical studies 

suggesting inhibition of proliferation with MET blockade. Cabozantinib is a MET/

VEGFR2 kinase inhibitor and a randomized discontinuation phase I study of 

cabozantinib suggested a preliminary benefit in metastatic uveal melanoma. We 

performed a national, rare tumor, randomized phase II study comparing cabozantinib 

with chemotherapy, observing no confirmed objective responses or differences in 

progression-free or overall survival between treatment arms. Whole-exome sequencing of 

available tumor tissue demonstrated known mutations such as GNAQ/11, SF3B1, BAP1 
similar to what has been observed in primary disease

Luke et al. Page 12

Clin Cancer Res. Author manuscript; available in PMC 2020 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Progression-free survival of Cabozantinib vs TMZ/Dacarbazine)
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Figure 2. 
Overall survival of Cabozantinib vs TMZ/Dacarbazine
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Figure 3. Somatic mutations in UM cases by whole exome sequencing.
(A) Profiles of recurrent non-synonymous somatic mutations (NSSMs) in UM tumor 

including previously literature identified genes. Each column represents a separate case. 

Above each column is the mutational burden of each case as assessed by the total number of 

NSSMs per tumor. (B) Tumor mutational burden (TMB) in patients with OS ≤ or > one year. 

Mann-Whitney U test was used in B.
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Table 1.

Patient characteristics

A091201 Patient Characteristics

1 (N=31) 2 (N=15) Total (N=46) p value

Age 0.2409

 Median 60.0 67.0 62.5

Gender 0.7406

 M 17(54.8%) 9 (60.0%) 26 (56.5%)

Race

 White 31 (100.0%) 15 (100.0%) 46 (100.0%)

ECOG Performance Status 0.1571

 0 23 (74.2%) 8 (53.3%) 31 (67.4%)

 1 8 (25.8%) 7 (46.7%) 15 (32.6%)

Prior treatment with a MEK Inhibitor 0.4819

 No 30 (96.8%) 15 (100.0%) 45 (97.8%)

Site of meta static disease 0.5924

 Liver (only) 15 (48.4%) 6 (40.0%) 21 (45.7%)

 Other site 16 (51.6%) 9 (60.0%) 25 (54.3%)

Elevated LDH 0.1094

 Yes 22 (71.0%) 7 (46.7%) 29 (63.0%)

Liver 0.3145

 Yes 29 (93.5%) 15 (100.0%) 44 (95.7%)

Bone 0.8423

 No 24 (77.4%) 12 (80.0%) 36 (78.3%)

Prior systemic therapy* 0.7661

 Yes 11 (35.5%) 6 (40.0%) 17 (37.0%)

Prior hepatic arterial embolization (HAE) 0.9676

 Yes 4 (12.9%) 2 (13.3%) 6 (13.0%)

*
Includes three treatments of hepatic immunoembolization not captured in HAE (all three in Arm 1)
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Table 2.

Clinical outcomes by response, PFS, PFS4, OS

Arm Response Progression-Free Survival 
(median)

Progression Free at 2 
Months

Progression Free at 4 
Months

Overall Survival

1 0/31* 60 days 41.9% 32.3% 6.4 months

2 0/15 59 days 46.7% 26.7% 7.3 months

*
One unconfirmed response was observed in arm 1 with cabozantinib
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Table 3.

High-grade adverse events

N %

Patients with at least one: Arm

16 51.6Grade 3+ Adverse Event 1

2 3 20.0

2X 3 33.3

Grade 4+ Adverse Event 1 1 3.2

2 2 13.3

Grade 3+ Hem Adverse Event 2 2 13.3

Grade 4+ Hem Adverse Event 2 2 13.3

Grade 3+ Non-Hem Adverse Event 1 16 51.6

2 1 6.7

2X 3 33.3

Grade 4+ Non-Hem Adverse Event 1 1 3.2
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