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Abstract

Purpose: The phase III CELESTIAL study demonstrated improved overall survival (OS) and 

progression-free survival (PFS) with cabozantinib versus placebo in patients with previously 

treated, advanced hepatocellular carcinoma (HCC). We analyzed outcomes by baseline alpha-

fetoprotein (AFP) and on-treatment AFP changes.

Patients and Methods: Serum AFP was measured every 8 weeks by blinded, centralized 

testing. Outcomes were analyzed by baseline AFP bifurcated at 400 ng/mL and by on-treatment 

AFP response (≥20% decrease from baseline at Week 8). The optimal cutoff for change in AFP at 

Week 8 was evaluated using maximally selected rank statistics.

Results: Median OS for cabozantinib versus placebo was 13.9 versus 10.3 months [HR, 0.81; 

95% confidence interval (CI), 0.62–1.04] for patients with baseline AFP <400 ng/mL, and 8.5 

versus 5.2 months (HR, 0.71; 95% CI, 0.54–0.94) for patients with baseline AFP ≥400 ng/mL. 

Week 8 AFP response rate was 50% for cabozantinib versus 13% for placebo. In the cabozantinib 

arm, median OS for patients with and without AFP response was 16.1 versus 9.1 months (HR, 

0.61; 95% CI, 0.45–0.84). AFP response was independently associated with longer OS. The 

optimal cutoff for association with OS in the cabozantinib arm was ≤0% change in AFP at Week 8 

[AFP control; HR 0.50 (95% CI, 0.35–0.71)].HRs for PFS were consistent with those for OS.

Conclusions: Cabozantinib improved outcomes versus placebo across a range of baseline AFP 

levels. On-treatment AFP response and control rates were higher with cabozantinib than placebo, 

and were associated with longer OS and PFS with cabozantinib.

Introduction

High serum levels of alpha-fetoprotein (AFP) are associated with poor prognosis in patients 

with hepatocellular carcinoma (HCC) across stages of disease. Studies have shown an 

association of pre-treatment AFP level with tumor size, pathologic grade, tumor stage, and 

survival (1, 2). Elevated preoperative AFP has been associated with recurrence in patients 

undergoing surgical resection or transplant (3, 4). In patients treated with transarterial 

chemoembolization or surgery, postintervention AFP decreases are associated with improved 

outcomes, including longer time to progression or recurrence, while increases indicate 
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disease progression (5–7). Retrospective studies of patients with HCC receiving systemic 

therapy also suggest an association between AFP decline on treatment and improved 

survival (8–15). There is no consensus definition of AFP-based response or progression; 

criteria vary across studies, with thresholds of 20% and 50% change from baseline AFP 

frequently used (5, 10–12, 16, 17). Furthermore, studies of AFP response and progression in 

advanced HCC have primarily included patients treated with chemotherapy or sorafenib, 

with limited data for new and emerging targeted systemic agents (18).

Tumors with high AFP expression may represent a distinct biological subtype of HCC, 

providing a basis for the observed prognostic effects of serum AFP. Gene expression 

profiling has identified three major molecular subtypes of HCC; one of these (the “S2” 

subtype) is characterized by elevated AFP and aggressive clinical features such as large 

tumor size, increased proliferation, and poor differentiation (19, 20). Preclinical and clinical 

studies also suggest a correlation between elevated AFP levels and high VEGF expression, 

suggesting that VEGF pathway inhibitors may be particularly effective for these tumors (21–

25). Consistent with this mechanism, the monoclonal antibody ramucirumab which targets 

the VEGF receptor 2 (VEGFR2) isoform demonstrated improved survival in patients with 

baseline AFP ≥400 ng/mL (26), although it did not demonstrate a survival benefit in a study 

population without baseline AFP selection (27).

Cabozantinib is an oral tyrosine kinase inhibitor whose targets include VEGF receptors, 

MET, and the TAM family of kinases (TYRO3, AXL, MER; ref. 28). Cabozantinib is 

approved for patients with advanced HCC who have previously been treated with sorafenib, 

based on outcomes from the pivotal phase III CELESTIAL study (29). In CELESTIAL, 

cabozantinib significantly prolonged overall survival [OS; HR, 0.76; 95% confidence 

interval (CI), 0.63–0.92] and progression-free survival (PFS; HR, 0.44; 95% CI, 0.36–0.52) 

relative to placebo. Subgroup analyses of OS and PFS favored cabozantinib across 

subgroups based on patient demographics, clinical characteristics, and biomarker levels, 

including baseline AFP levels ≥400 ng/mL and <400 ng/mL (29–31). Here, we describe 

exploratory analyses of outcomes in the phase III CELESTIAL study based on AFP levels at 

baseline and AFP changes during treatment.

Patients and Methods

The study design and methods for CELESTIAL have been described previously (29). 

Briefly, 707 patients were randomized between September 2013 through June 2017 in a 2:1 

ratio to receive either cabozantinib (60 mg once daily) or placebo. Patients must have 

received prior sorafenib and could have received up to two prior systemic regimens for 

HCC. Other key inclusion criteria were Child-Pugh class A liver function and Eastern 

Cooperative Oncology Group performance status (ECOG PS) of 0 or 1. The primary 

endpoint was OS; secondary endpoints were PFS and objective response rate (ORR). Tumor 

response and progression were assessed every 8 weeks by the investigator according to 

Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1. Serum AFP levels 

were measured centrally (Covance Inc.) at baseline, and every 8 weeks thereafter using an 

FDA-approved chemiluminescence assay (Access AFP Immunoassay kit, Beckman Coulter) 

using a Beckman Coulter DXI 800 Access immunoassay analyzer (normal reference range, 
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0.4–300,000 ng/mL). Investigators and patients were blinded to treatment arm and to central 

AFP results.

The protocol was approved by the ethics committee or institutional review board at each 

center, and the trial was conducted in accordance with the International Conference on 

Harmonisation Good Clinical Practice guidelines and the principles of the Declaration of 

Helsinki. Written informed consent was obtained from every patient.

Baseline AFP

Baseline characteristics and outcomes were analyzed for patients according to the baseline 

serum AFP level, using a cutoff of 400 ng/mL. This cutoff was based on prior studies 

demonstrating the prognostic value of this threshold (13, 27, 32). Outcomes included OS, 

PFS, tumor response, and safety. Additional analyses of OS and PFS were carried out using 

cutoffs of 20 ng/mL and 200 ng/mL, based on alternative cutoffs used in the literature (16, 

33).

AFP response

On-treatment AFP response was evaluated at Week 8 (Week 9 Day 1), which was also the 

timepoint for the first tumor assessment. AFP response was defined as ≥20% decrease from 

baseline in serum AFP at Week 8, in patients with baseline AFP ≥20 ng/mL and less than the 

upper limit of quantitation (300,000 ng/mL). This definition is consistent with previous 

studies (11, 12, 16). Outcomes including OS, PFS, tumor response, and safety were assessed 

according to AFP response. Additional analyses of OS and PFS were carried out in the same 

group of patients using alternative cutoffs based on review of the literature, including AFP 

response defined as a ≥50% decrease from baseline, and varying thresholds of AFP 

progression such as ≥20% or ≥50% increase (5, 11–13, 16).

Statistical analysis

Baseline characteristics in baseline AFP subgroups were compared using χ2 tests in the case 

of two categorical factors, or ANOVA in the case of a categorical and a continuous factor.

Efficacy analyses included all randomized patients, and safety analyses included all patients 

who received at least one dose of study drug. OS and PFS were assessed using the Kaplan-

Meier method. No adjustments for multiplicity were made for subgroup analyses. CIs are 

considered descriptive, and all HRs are unstratified. Survival analyses were adjusted for 

guarantee-time bias using the landmark method (34), which excluded patients with an event 

prior to Week 8.

To determine whether AFP response was independently associated with survival in the 

cabozantinib group, multivariable analyses were carried out using the Cox proportional 

hazard regression model to complement univariate analyses. The model also included the 

following baseline variables: baseline AFP level (<400 or ≥400 ng/mL), ECOG PS (0 or ≥1), 

macrovascular invasion (MVI; no or yes), extrahepatic spread (no or yes), age (<65 or ≥65 

years), gender, and etiology (hepatitis B virus, hepatitis C virus, or other).
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For analysis of the optimal AFP response cutoff, maximally selected rank statistics were 

used to determine the percent change in AFP from baseline to Week 8 that had the most 

significant association with OS. A rank statistic was calculated at each percent cutoff, and 

the statistics were then maximized using the method of Hothorn and Lausen (35).

To characterize the relationship between AFP response and radiographic response, a 

nonexact Spearman correlation test was performed between AFP percent change from 

baseline at Week 8, and percent change from baseline in the sum of diameters of target 

lesions at Week 8.

Results

Patients

The distribution of baseline AFP levels was similar between the cabozantinib and placebo 

treatment arms (Fig. 1). Median baseline AFP was 154.7 ng/mL [interquartile range (IQR), 

14.0–2,988.9] for patients in the cabozantinib arm and 202.5 ng/mL (IQR, 10.2–5,174.9) for 

patients in the placebo arm. Baseline characteristics and demographics according to baseline 

AFP level are shown in Table 1 and were generally balanced between the cabozantinib and 

placebo arms; however, some differences were noted between subgroups with baseline AFP 

levels <400 ng/mL versus ≥400 ng/mL. The proportion of patients with hepatitis B virus 

etiology was 33% and 45% for subgroups with baseline AFP levels <400 ng/mL and ≥400 

ng/mL, respectively. A smaller proportion of patients had MVI in the subgroup with an AFP 

level <400 ng/mL relative to those with ≥400 ng/mL (24% vs. 38%).

Overall, 236 of 470 (50%) patients in the cabozantinib group and 111 of 237 (47%) patients 

in the placebo group were evaluable for AFP response at Week 8. Reasons for lack of 

evaluable AFP response at Week 8 are listed in Supplementary Table S1; the primary 

reasons for non-evaluability were baseline AFP <20 ng/mL [139 (30%) patients in the 

cabozantinib group and 77 (32%) patients in the placebo group] and discontinuation or death 

before Week 8 [59 (13%) patients in the cabozantinib group and 38 (16%) patients in the 

placebo group].

Efficacy outcomes according to baseline AFP

OS and PFS were improved with cabozantinib relative to placebo in both baseline AFP 

subgroups (Fig. 2). For patients with baseline AFP levels <400 ng/mL, median OS was 13.9 

months with cabozantinib versus 10.3 months with placebo (HR, 0.81; 95% CI, 0.62–1.04), 

and 8.5 months versus 5.2 months (HR, 0.71; 95% CI, 0.54–0.94) for patients with baseline 

AFP levels ≥400 ng/mL (Fig. 2A and B). For patients with baseline AFP levels <400 ng/mL, 

median PFS was 5.5 months with cabozantinib versus 1.9 months with placebo (HR, 0.47; 

95% CI, 0.37–0.60), and 3.9 months versus 1.9 months (HR, 0.42; 95% CI, 0.32–0.55) for 

patients with baseline AFP levels ≥400 ng/mL (Fig. 2C and D). Subsequent anticancer 

therapy according to AFP subgroups is shown in Supplementary Table S2. For patients with 

baseline AFP <400 ng/mL, 26% and 35% of patients in the cabozantinib and placebo groups 

went on to receive subsequent therapy; for AFP levels ≥400 ng/mL, this value was 23% for 

both treatment groups.
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For baseline AFP <400 ng/mL, ORR was 5% (95% CI, 2.5–7.9) with cabozantinib and 0.7% 

(95% CI, 0.0–4.0) with placebo, and for baseline AFP ≥400 ng/mL, ORR was 3% (95% CI, 

0.9–6.0) with cabozantinib versus 0% with placebo (Table 2).

Additional PFS and OS analyses used cutoffs of 20 ng/mL and 200 ng/mL for baseline AFP. 

The survival benefit with cabozantinib relative to placebo was similar using the alternative 

cutoffs, with the exception of OS for patients with <20 ng/mL baseline AFP which showed 

an HR of 0.97 (95% CI, 0.67–1.40; Supplementary Fig. S1).

Efficacy outcomes according to AFP response (≥20% decrease from baseline)

Change from baseline in serum AFP for patients in the cabozantinib group and the placebo 

group at Week 8 are shown in Fig. 3. AFP response (defined as ≥20% decrease from 

baseline) occurred in 50% of evaluable patients in the cabozantinib group compared with 

13% in the placebo group. Owing to the low rate of AFP response in the placebo group, 

analysis of outcomes by AFP response focused primarily on the cabozantinib group. 

Baseline characteristics according to AFP response in the cabozantinib arm are shown in 

Supplementary Table S3 and were generally balanced between subgroups.

In patients evaluable for AFP response (baseline AFP ≥20 ng/mL), OS and PFS were 

improved in patients who had an AFP response (defined as ≥20% decrease from baseline to 

Week 8) relative to those with no AFP response, irrespective of treatment. In the 

cabozantinib group, median OS for patients with an AFP response (n = 117) and without an 

AFP response (n = 119) was 16.1 months and 9.1 months (HR, 0.61; 95% CI, 0.45–0.84), 

while median PFS for these subgroups was 7.3 months and 4.0 months (HR, 0.55; 95% CI, 

0.41–0.74; Fig. 4A and B). For the subgroup of 139 patients (30%) in the cabozantinib 

group who were not evaluable for response analysis due to baseline AFP <20 ng/mL, 

median OS and PFS were 14.4 months and 5.6 months, respectively, in the cabozantinib 

group (Supplementary Fig. S1).

The proportion of patients in the cabozantinib group who went on to receive at least one 

subsequent anticancer therapy was similar for patients with and without an AFP response 

(28% vs. 27%; Supplementary Table S2). In the placebo group, median OS was 11.3 months 

for patients with an AFP response (n = 14) and 7.2 months for patients without an AFP 

response (n = 97; HR, 0.79; 95% CI, 0.41–1.55), while median PFS for these subgroups was 

3.8 months and 1.9 months (HR, 0.51; 95% CI, 0.27–0.96).

Landmark analyses of OS and PFS were performed to adjust for guarantee-time bias. For 

OS, results of the landmark and unadjusted analyses were identical because only patients 

who were alive at Week 8 were included in the unadjusted analysis. Landmark analysis of 

PFS at Week 8 was similar to the unadjusted analysis; median PFS for patients with and 

without an AFP response in the cabozantinib group was 7.4 and 5.4 months from 

randomization, respectively (HR, 0.63; 95% CI, 0.46–0.87).

Additional analyses of the cabozantinib group explored the association of OS and PFS with 

AFP response (≥20% decrease from baseline to Week 8) in subgroups of patients with low 

baseline AFP (20 to <400 ng/mL) and high baseline AFP (>400 ng/mL; Supplementary Fig. 
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S2). For both subgroups, outcomes favored patients with an AFP response versus those 

without an AFP response, with an HR for OS of 0.59 in the low baseline AFP subgroup and 

0.69 in the high baseline AFP subgroup, and corresponding HRs for PFS of 0.47 and 0.69, 

respectively.

ORR for patients with and without an AFP response in the cabozantinib arm was 7% and 

3% (Table 2). The rate of progressive disease as best response per RECIST version 1.1 in the 

AFP response subgroup was approximately half that of the AFP nonresponse subgroup 

(15% vs. 29%).

Alternative cutoffs for AFP response and AFP control

Using an alternative cutoff of ≥50% decrease from baseline to define AFP response, HRs for 

OS and PFS were consistent with those for the ≥20% decrease cutoff (Supplementary Fig. 

S2). In the cabozantinib group, 21 patients experienced an AFP response accompanied by a 

decrease in AFP level to <20 ng/mL at Week 8, compared with three patients in the placebo 

group. Median OS with cabozantinib was 20.4 months for patients with AFP reduction to 

<20 ng/mL versus 10.6 months for patients who did not achieve this threshold (HR, 0.51; 

95% CI, 0.29–0.90), and median PFS was 14.6 months versus 5.4 months (HR, 0.36; 95% 

CI, 0.21–0.6).

Next, we conducted an exploratory analysis using maximally selected rank statistics to 

determine the optimal cutoff for percent change in AFP from baseline to Week 8 that 

provided the strongest association with OS. For patients with baseline AFP ≥20 ng/mL, the 

optimal cutoff was estimated as 0% change from baseline in AFP (Supplementary Fig. S3); 

this cutoff grouped patients by those who had AFP control at Week 8 (a reduction or no 

change from baseline) and patients without AFP control (any increase from baseline). Using 

this cutoff, 61% (144/236) of evaluable patients in the cabozantinib group and 23% (26/111) 

of patients in the placebo group had AFP control at Week 8. Median OS with cabozantinib 

was 17.0 months for patients with AFP control (n = 144) and 8.1 months for patients without 

AFP control (n = 92; HR, 0.50; 95% CI, 0.35–0.71; P < 0.0001); median PFS was 7.3 and 

3.7 months, respectively (HR, 0.48; 95% CI, 0.34–0.67; Fig. 4C and D).

We also explored the impact of AFP progression on OS and PFS, with progression defined 

as an increase of ≥20% or ≥50% from baseline AFP level to Week 8. AFP progression was 

associated with shorter OS and PFS at both cutoffs, and HRs were similar for both cutoffs 

(Supplementary Fig. S2).

The association of AFP change from baseline with OS and PFS was also evaluated using 

continuous analysis. Among patients evaluable for AFP response at Week 8 in the 

cabozantinib group, the percent increase in AFP from baseline was significantly associated 

with OS (HR, 1.18; 95% CI, 1.03–1.36; P = 0.016) and PFS (HR, 1.39; 95% CI, 1.22–1.58; 

P < 0.0001).

Multivariable analyses

In multivariable analyses, an AFP response defined as a ≥20% decrease from baseline (HR, 

0.60; P = 0.0002) was independently associated with longer OS in the cabozantinib group, as 
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were baseline AFP level <400 ng/mL (HR, 0.74; P = 0.02), ECOG PS 0 (HR, 0.66; P = 

0.002), and the absence of MVI (HR, 0.68; P = 0.007). AFP response (HR, 0.56; P = 0.0002) 

and baseline AFP <400 ng/mL (HR, 0.63; P = 0.004) were also associated with improved 

PFS in the cabozantinib group (Supplementary Table S4).

AFP response and radiographic response

The relationship between AFP kinetics and radiographic tumor response at Week 8 was 

investigated. The percent change in target lesion sum of diameters was positively correlated 

with percent change in AFP as assessed using a non-exact Spearman correlation test (ρ = 

0.509, P < 0.0001 in the pooled treatment groups; Supplementary Fig. S4). Among 376 

patients in the cabozantinib group evaluable for tumor response at Week 8, 22 patients (6%) 

had a radiographic response, defined as ≥30% reduction in target lesion sum of diameters 

from baseline. Using this definition and noting the small number of patients meeting the 

response criteria, radiographic response at Week 8 was not significantly associated with OS 

in the cabozantinib group; median OS from randomization was 16.0 months for patients 

with a radiographic response (n = 22) and 11.5 months for patients without a response (n = 

354; HR, 0.64; 95% CI, 0.37–1.12; P = 0.12).

Safety

For the subgroup of patients with AFP levels <400 ng/mL, median duration of exposure was 

3.9 months (range, 0.1–37.3) for cabozantinib and 2.1 months (range, 0.1–27.2) for placebo; 

median average daily dose was 35.5 mg for cabozantinib and 59.0 mg for placebo. For those 

with AFP levels ≥400 ng/mL, median duration of exposure for cabozantinib and placebo 

was 3.7 months (range, 0.1–26.5) and 1.9 months (range, 0.0–13.5), respectively; median 

average daily dose was 36.3 mg and 57.4 mg. The rate of all-cause grade 3/4 adverse events 

in the cabozantinib and placebo groups was 70% and 38% for patients with baseline AFP 

levels <400 ng/mL, and 64% and 35% for patients with AFP levels ≥400 ng/mL. The rate of 

discontinuation due to treatment-related adverse events (TRAE) in the cabozantinib and 

placebo groups was similar for patients with AFP levels <400 ng/mL (15% vs. 3%) and 

≥400 ng/mL (18% vs. 3%).

Within the cabozantinib treatment arm, patients with an AFP response (≥20% decrease) had 

a higher median duration of exposure to the drug (5.7 months; range, 1.9–37.3) compared 

with those without an AFP response (3.7 months; range, 1.4–22.6); the median average daily 

dose of cabozantinib for these subgroups was 39.2 mg and 33.9 mg, respectively. All-cause 

grade 3/4 adverse events occurred in 75% of patients with an AFP response and 69% of 

patients without an AFP response, and the rate of discontinuation due to TRAEs was 13% 

for both groups. Supplementary Table S5 lists grade 3/4 AEs occurring at ≥5.0% frequency 

in either treatment arm in the overall safety population, according to AFP subgroup.

Discussion

The phase III CELESTIAL study showed an improvement in OS and PFS with cabozantinib 

relative to placebo in patients with previously treated, advanced HCC (29). Results of the 

current analysis are consistent with those of the overall population; cabozantinib improved 
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OS and PFS compared with placebo across a range of baseline AFP levels. On-treatment 

AFP response (≥20% decrease from baseline in serum AFP) or AFP control (reduction or no 

change from baseline) at Week 8 was more frequent in the cabozantinib arm versus placebo. 

In the cabozantinib arm, patients who achieved AFP response, or control, had improved OS 

and PFS relative to those who did not, while those with AFP progression had worse 

outcomes. The safety profile of cabozantinib according to the various AFP subgroups was 

consistent with that of the primary analysis.

High baseline AFP levels were associated with shorter median OS in both treatment arms, 

consistent with other phase III studies and with high baseline AFP levels as a negative 

prognostic indicator (33, 36). Our results are similar to those reported in phase III studies of 

the multikinase inhibitors regorafenib and sorafenib, which showed a survival benefit 

relative to placebo across baseline AFP subgroups defined by cutoffs of 400 ng/mL and 200 

ng/mL, respectively (32, 33). In contrast, the phase III REACH study of the VEGFR2-

targeted antibody ramucirumab did not show an OS benefit relative to placebo in the overall 

patient population, but subgroup analyses showed that patients with high AFP (≥400 ng/mL) 

had an OS benefit with ramucirumab, while those with low AFP (<400 ng/mL) did not (27). 

The ensuing REACH-2 study exclusively enrolled patients with baseline AFP levels ≥400 

ng/mL and confirmed the OS benefit of ramucirumab relative to placebo in this patient 

population (26), suggesting increased dependence on VEGF pathway signaling in tumors 

with high AFP expression. Unlike ramucirumab, however, multikinase inhibitors 

demonstrate efficacy across a range of baseline AFP values suggesting that the inhibition of 

additional targets may contribute to antitumor activity across a broader range of tumor 

biology.

The association of on-treatment AFP response, or control, with improved survival in 

CELESTIAL is consistent with retrospective analyses of patients treated with targeted 

therapies including sorafenib, ramucirumab, and regorafenib (9–13, 15, 37, 38). Conversely, 

shorter survival in patients whose AFP levels increased during treatment has also been 

reported (39). High AFP levels are associated with advanced stages of HCC, and less 

differentiated, larger tumors (1, 40); it is likely, therefore, that AFP levels may increase as 

the disease progresses (41). On the whole, these data suggest a potential role for on-

treatment serum AFP kinetics as a surrogate endpoint. In HCC, radiographic assessment 

methods such as RECIST version 1.1, and modified RECIST are challenged by the 

nodularity and heterogeneity of background cirrhotic liver, scarring or devascularization 

from prior treatment, or heterogeneity in the timing of injection of contrast dye and 

subsequent acquisition time (42). The addition of serum biomarkers to radiographic 

assessment of tumor response may help to address limitations of imaging in HCC; moreover, 

serum biomarkers have the potential to provide an early indication of treatment efficacy 

prior to radiographic assessment, and may be particularly useful for therapies such as TKIs, 

which have a low radiographic response rate. Indeed, the low radiographic response rate at 

Week 8 in CELESTIAL likely accounted for the lack of a significant association with OS in 

the cabozantinib group, though median survival was longer for those with a radiographic 

response (n = 22, median OS 16.0 months) versus those without (n = 354, median OS 11.5 

months).
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It is important to note the lack of standardized cutoff values for AFP response, which have 

varied across studies (5, 10–13, 16). Cutoffs of at least 20% and 50% decrease from baseline 

are commonly used, though these have not been validated and the optimal biologic cutoff 

has not been established. In this analysis, HRs for PFS and OS were almost identical with 

cutoffs of 20% and 50%, prompting further analysis to identify an optimal cut-off value. By 

using maximally ranked statistics, we estimated the optimal cutoff for change in AFP from 

baseline to Week 8 was 0% for OS; this essentially categorized on-treatment change in AFP 

into AFP control (reduction or no change) and no AFP control (any increase from baseline). 

Patients receiving cabozantinib who achieved AFP control by Week 8 had longer OS and 

PFS compared with those who did not achieve AFP control, suggesting that AFP control 

could help to inform treatment decisions.

There are multiple limitations inherent to this study, owing to the exploratory, retrospective 

nature of the analysis. Approximately 50% of patients in both treatment arms were 

unevaluable for AFP response; reasons included baseline AFP <20 ng/mL in 30% of 

patients, consistent with other cohort analyses (11, 13), or lack of AFP assessment at Week 8 

in an additional 20%. Several studies, including ours, have included only patients with ≥20 

ng/mL baseline AFP in their response analyses, given that underlying viral hepatitis or other 

causes of hepatic inflammation may contribute to AFP elevation, particularly at lower levels 

(5, 9, 12, 16). Therefore, it is important to note that the utility of AFP kinetics in this setting 

is presumably limited to patients with baseline AFP levels above the chosen threshold of 20 

ng/mL for response analysis, which accounted for 70% of the CELESTIAL study population 

and represents the majority of patients with advanced HCC. Another important consideration 

is that AFP kinetics may be dependent upon therapeutic mechanism of action. AFP 

response, control, and progression kinetics warrant examination for association with clinical 

outcomes in patients treated with other systemic therapies, including immune checkpoint 

inhibition and combinations thereof.

A strength of this study is the independent, centralized testing of AFP using a standardized 

assay, without reporting back to investigators who were blinded to treatment arm as well as 

AFP results. Treatment decisions and response assessments therefore were performed 

independently of central AFP values, further strengthening the observed associations with 

clinical response.

Prospective studies evaluating changes in AFP on treatment as a surrogate endpoint for 

efficacy outcomes are lacking, and rigorous validation studies are needed. Future studies 

should seek to prospectively analyze AFP kinetics in large, randomized studies according to 

type of treatment, as has been done with biomarkers in other tumor types such as prostate 

cancer where the kinetics of prostate-specific antigen have an integral role in response 

assessment and treatment decisions (43). Such studies should be adequately powered for 

evaluation of appropriate AFP cutoffs for response and progression, as well as baseline 

threshold for evaluability.

In conclusion, our analysis shows improved outcomes with cabozantinib relative to placebo 

in patients with previously treated, advanced HCC across a range of baseline AFP levels. 

The on-treatment AFP response and control rates were greater with cabozantinib than with 
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placebo, while the rate of AFP progression was higher for placebo-treated patients. In the 

cabozantinib group, AFP response and control rates were associated with longer OS and 

PFS. Given the rapidly expanding treatment landscape in HCC, further investigation of AFP 

kinetics in patients treated with newly available therapies is warranted.

Supplementary Material

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

Cabozantinib is approved for patients with advanced hepatocellular carcinoma (HCC) 

who have received prior sorafenib, based on the randomized phase III CELESTIAL 

study. With the recent expansion of treatment options in the second-line setting for HCC, 

there is an urgent need for biomarkers of response to help guide treatment decisions. 

High serum levels of alpha-fetoprotein (AFP) are associated with poor prognosis in 

patients with HCC, and studies suggest a correlation between on-treatment decrease in 

AFP and improved outcomes. In this exploratory analysis of the CELESTIAL study, we 

show that cabozantinib prolonged OS and PFS relative to placebo across a range of 

baseline AFP levels. On-treatment AFP response, defined as a decrease of ≥20% from 

baseline in serum AFP, was more common with cabozantinib than placebo and was 

associated with improved OS and PFS in the cabozantinib arm. Further analysis of AFP 

kinetics in large, prospective, randomized studies is warranted.

Kelley et al. Page 15

Clin Cancer Res. Author manuscript; available in PMC 2021 January 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Logarithmic density plot of baseline AFP distribution in cabozantinib (A) and placebo 

groups (B). Density refers to the probability distribution of AFP such that the area under the 

curve equals 1.
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Figure 2. 
Outcomes according to baseline AFP. Overall survival (A and B) and progression-free 

survival (C and D) by baseline AFP.
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Figure 3. 
Change in serum AFP from baseline at Week 8 for patients in the cabozantinib arm (A) and 

the placebo arm (B). aIncludes patients with baseline AFP levels ≥20 ng/mL, who were 

evaluable for an AFP response at Week 8.
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Figure 4. 
Overall survival and progression-free survival in the cabozantinib group by AFP response 

(defined as ≥20% decrease in AFP level from baseline at Week 8; A and B) and AFP control 

(defined as reduction or no change from baseline at Week 8; C and D). Evaluable patients 

were those who had baseline AFP levels ≥20 ng/mL.

Kelley et al. Page 19

Clin Cancer Res. Author manuscript; available in PMC 2021 January 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kelley et al. Page 20

Ta
b

le
 1

.

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
ac

co
rd

in
g 

to
 b

as
el

in
e 

A
FP

.

A
F

P
 <

40
0 

ng
/m

L
A

F
P

 ≥
40

0 
ng

/m
L

C
ab

oz
an

ti
ni

b 
(n

 =
 2

78
)

P
la

ce
bo

 (
n 

= 
13

6)
C

ab
oz

an
ti

ni
b 

(n
 =

 1
92

)
P

la
ce

bo
 (

n 
= 

10
1)

A
ge

,a  m
ed

ia
n 

(r
an

ge
),

 y
ea

rs
64

.0
 (

35
–8

6)
65

.5
 (

24
–8

6)
64

.0
 (

22
–8

6)
62

.0
 (

34
–8

3)

M
al

e,
 n

 (
%

)
23

5 
(8

5)
11

7 
(8

6)
14

4 
(7

5)
85

 (
84

)

G
eo

gr
ap

hi
c 

re
gi

on
,b  n

 (
%

)

 
A

si
a

62
 (

22
)

31
 (

23
)

54
 (

28
)

28
 (

28
)

 
E

ur
op

e
14

0 
(5

0)
65

 (
48

)
91

 (
47

)
43

 (
43

)

 
Pa

ci
fi

c
10

 (
4)

6 
(4

)
5 

(3
)

5 
(5

)

 
N

or
th

 A
m

er
ic

a
66

 (
24

)
34

 (
25

)
42

 (
22

)
25

 (
25

)

R
ac

e,
 n

 (
%

)

 
A

si
an

86
 (

31
)

42
 (

31
)

73
 (

38
)

40
 (

40
)

 
W

hi
te

16
2 

(5
8)

80
 (

59
)

10
2 

(5
3)

50
 (

50
)

 
B

la
ck

6 
(2

)
7 

(5
)

2 
(1

)
4 

(4
)

 
O

th
er

 o
r 

no
t r

ep
or

te
d

24
 (

9)
7 

(5
)

15
 (

8)
7 

(7
)

E
C

O
G

 p
er

fo
rm

an
ce

 s
ta

tu
s,

 n
 (

%
)

 
0

14
7 

(5
3)

85
 (

63
)

98
 (

51
)

46
 (

46
)

 
1

13
1 

(4
7)

51
 (

38
)

93
 (

48
)

55
 (

54
)

E
tio

lo
gy

 o
f 

di
se

as
e,

c  n
 (

%
)

 
H

B
V

a
95

 (
34

)
41

 (
30

)
83

 (
43

)
48

 (
48

)

 
H

C
V

73
 (

26
)

35
 (

26
)

40
 (

21
)

20
 (

20
)

 
D

ua
l H

B
V

 a
nd

 H
C

V
 in

fe
ct

io
na

8 
(3

)
3 

(2
)

0
1 

(1
)

 
A

lc
oh

ol
69

 (
25

)
21

 (
15

)
43

 (
22

)
18

 (
18

)

 
N

on
al

co
ho

lic
 s

te
at

oh
ep

at
iti

s
27

 (
10

)
15

 (
11

)
16

 (
8)

8 
(8

)

 
O

th
er

 o
r 

un
kn

ow
n

66
 (

24
)

40
 (

29
)

33
 (

17
)

23
 (

23
)

E
xt

ra
he

pa
tic

 s
pr

ea
d 

of
 d

is
ea

se
 a

nd
/o

r 
m

ac
ro

va
sc

ul
ar

 in
va

si
on

, n
 (

%
)

23
7 

(8
5)

11
3 

(8
3)

16
1 

(8
4)

87
 (

86
)

 
E

xt
ra

he
pa

tic
 s

pr
ea

d 
of

 d
is

ea
se

22
3 

(8
0)

10
3 

(7
6)

14
6 

(7
6)

79
 (

78
)

 
M

ac
ro

va
sc

ul
ar

 in
va

si
on

a
64

 (
23

)
36

 (
26

)
65

 (
34

)
45

 (
45

)

Clin Cancer Res. Author manuscript; available in PMC 2021 January 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kelley et al. Page 21

A
F

P
 <

40
0 

ng
/m

L
A

F
P

 ≥
40

0 
ng

/m
L

C
ab

oz
an

ti
ni

b 
(n

 =
 2

78
)

P
la

ce
bo

 (
n 

= 
13

6)
C

ab
oz

an
ti

ni
b 

(n
 =

 1
92

)
P

la
ce

bo
 (

n 
= 

10
1)

Si
te

s 
of

 d
is

ea
se

,d  %

 
L

iv
er

22
7 

(8
2)

12
3 

(9
0)

16
8 

(8
8)

93
 (

92
)

 
B

on
e

41
 (

15
)

19
 (

14
)

19
 (

10
)

15
 (

15
)

 
V

is
ce

ra
l (

ex
cl

ud
in

g 
liv

er
)

12
8 

(4
6)

55
 (

40
)

87
 (

45
)

50
 (

50
)

 
Ly

m
ph

 n
od

e
90

 (
32

)
41

 (
30

)
65

 (
34

)
30

 (
30

)

N
um

be
r 

of
 p

ri
or

 s
ys

te
m

ic
 a

nt
ic

an
ce

r 
re

gi
m

en
s 

fo
r 

ad
va

nc
ed

 H
C

C
, n

 (
%

)

 
1

20
1 

(7
2)

98
 (

72
)

13
4 

(7
0)

76
 (

75
)

 
2

73
 (

26
)

37
 (

27
)

57
 (

30
)

25
 (

25
)

C
he

m
oe

m
bo

liz
at

io
n 

fo
r 

H
C

C
, n

 (
%

)
11

3 
(4

1)
62

 (
46

)
90

 (
47

)
49

 (
49

)

M
ed

ia
n 

to
ta

l d
ur

at
io

n 
of

 p
ri

or
 s

or
af

en
ib

, m
on

th
s

5.
2

6.
6

5.
4

4.
0

M
ed

ia
n 

tim
e 

fr
om

 d
is

ea
se

 p
ro

gr
es

si
on

 to
 r

an
do

m
iz

at
io

n,
 m

on
th

s
1.

6
1.

7
1.

5
1.

7

A
bb

re
vi

at
io

ns
: A

FP
, a

lp
ha

-f
et

op
ro

te
in

; E
C

O
G

, E
as

te
rn

 C
oo

pe
ra

tiv
e 

O
nc

ol
og

y 
G

ro
up

; H
B

V
, h

ep
at

iti
s 

B
 v

ir
us

; H
C

C
, h

ep
at

oc
el

lu
la

r 
ca

rc
in

om
a;

 H
C

V
, h

ep
at

iti
s 

C
 v

ir
us

.

a B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
w

hi
ch

 w
er

e 
si

gn
if

ic
an

tly
 d

if
fe

re
nt

 b
et

w
ee

n 
th

e 
lo

w
 a

nd
 h

ig
h 

ba
se

lin
e 

A
FP

 s
ub

gr
ou

ps
 o

f 
th

e 
po

ol
ed

 tr
ea

tm
en

t a
rm

s 
(P

 <
 0

.0
5)

.

b A
si

a 
in

cl
ud

es
 R

ep
ub

lic
 o

f 
K

or
ea

, H
on

g 
K

on
g,

 T
ai

w
an

, a
nd

 S
in

ga
po

re
. P

ac
if

ic
 in

cl
ud

es
 A

us
tr

al
ia

 a
nd

 N
ew

 Z
ea

la
nd

.

c E
tio

lo
gy

 p
er

 c
as

e 
re

po
rt

 f
or

m
. S

om
e 

pa
tie

nt
s 

ha
d 

m
or

e 
th

an
 o

ne
 d

is
ea

se
 e

tio
lo

gy
 c

at
eg

or
y.

d In
ve

st
ig

at
or

-a
ss

es
se

d 
at

 b
as

el
in

e.

Clin Cancer Res. Author manuscript; available in PMC 2021 January 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kelley et al. Page 22

Ta
b

le
 2

.

B
es

t o
ve

ra
ll 

tu
m

or
 r

es
po

ns
e.

B
as

el
in

e 
A

F
P

A
F

P
 r

es
po

ns
ea

A
F

P
 <

40
0 

ng
/m

L
A

F
P

 ≥
40

0 
ng

/m
L

C
ab

oz
an

ti
ni

b 
gr

ou
p

C
ab

oz
an

ti
ni

b 
(N

 =
 2

78
)

P
la

ce
bo

 (
N

 =
 1

36
)

C
ab

oz
an

ti
ni

b 
(N

 =
 1

92
)

P
la

ce
bo

 (
N

 =
 1

01
)

A
F

P
 r

es
po

ns
e 

(N
 =

 1
17

)
N

o 
A

F
P

 r
es

po
ns

e 
(N

 =
 1

19
)

O
R

R
b  (

95
%

 C
I)

, %
5.

0 
(2

.5
–7

.9
)

0.
7 

(0
.0

–4
.0

)
3.

0 
(0

.9
–6

.0
)

0.
0 

(0
.0

–3
.6

)
7.

0 
(3

.0
–1

3.
0)

3.
0 

(1
.0

–8
.0

)

B
es

t o
ve

ra
ll 

re
sp

on
se

, n
 (

%
)

 
Pa

rt
ia

l r
es

po
ns

e
13

 (
5)

1 
(0

.7
)

9 
(3

)
0

8 
(7

)
4 

(3
)

 
St

ab
le

 d
is

ea
se

17
2 

(6
2)

54
 (

40
)

11
0 

(5
7)

24
 (

24
)

91
 (

78
)

79
 (

66
)

 
Pr

og
re

ss
iv

e 
di

se
as

e
50

 (
18

)
71

 (
52

)
48

 (
25

)
60

 (
59

)
17

 (
15

)
34

 (
29

)

 
N

ot
 e

va
lu

ab
le

/m
is

si
ng

43
 (

15
)

10
 (

7)
29

 (
15

)
17

 (
17

)
1 

(1
)

2 
(2

)

A
bb

re
vi

at
io

ns
: A

FP
, a

lp
ha

-f
et

op
ro

te
in

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; O
R

R
, o

bj
ec

tiv
e 

re
sp

on
se

 r
at

e.

a ≥2
0%

 d
ec

re
as

e 
in

 A
FP

 le
ve

l f
ro

m
 b

as
el

in
e 

at
 W

ee
k 

8 
in

 p
at

ie
nt

s 
w

ho
 h

ad
 b

as
el

in
e 

A
FP

 le
ve

ls
 ≥

20
 n

g/
m

L
.

b A
ll 

re
sp

on
se

s 
w

er
e 

pa
rt

ia
l r

es
po

ns
es

.

Clin Cancer Res. Author manuscript; available in PMC 2021 January 04.


	Abstract
	Introduction
	Patients and Methods
	Baseline AFP
	AFP response
	Statistical analysis

	Results
	Patients
	Efficacy outcomes according to baseline AFP
	Efficacy outcomes according to AFP response (≥20% decrease from baseline)
	Alternative cutoffs for AFP response and AFP control
	Multivariable analyses
	AFP response and radiographic response
	Safety

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.



