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ABSTRACT

◥

Purpose: Atezolizumab þ bevacizumab is the new standard of
care for systemic treatment-na€ve, unresectable hepatocellular carcinoma (HCC). This exploratory study investigated on-treatment
alpha-fetoprotein (AFP) response as a potential surrogate biomarker of prognosis for the combination therapy.
Experimental Design: Data from Group A of the phase Ib
GO30140 study were used to identify the optimal time for AFP
measurement and AFP cutoffs to differentiate patients by their best
conﬁrmed response per independent review facility–assessed
RECIST (IRF-RECIST) version 1.1: responders from nonresponders and patients with disease control from primary progressors.
We applied these cutoffs to independent data from the atezolizumab þ
bevacizumab arm of the phase III IMbrave150 trial to distinguish
patients based on (i) overall survival (OS) and progression-free

survival (PFS) per IRF-RECIST 1.1 and (ii) best conﬁrmed response
per IRF-RECIST 1.1.
Results: We derived AFP cutoffs of ≥75% decrease and ≤10%
increase from baseline at 6 weeks to identify responders and those
who had disease control, respectively. These cutoffs had high
sensitivity and speciﬁcity in GO30140. In IMbrave150 patients,
sensitivity was 0.59 and speciﬁcity was 0.86 for the ≥75% decrease
AFP cutoff; the sensitivity was 0.77 and speciﬁcity was 0.44 for the
≤10% increase AFP cutoff. Both AFP cutoffs were associated with
longer OS and PFS, particularly in patients with hepatitis B virus
etiology (HR < 0.5; P < 0.01).
Conclusions: AFP response at 6 weeks after initiating treatment
is a potential surrogate biomarker of prognosis for patients with
HCC receiving atezolizumab þ bevacizumab.
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Alpha-fetoprotein (AFP) is the most widely tested serum biomarker
in hepatocellular carcinoma (HCC) and overexpression of AFP is
considered reﬂective of more aggressive tumor biology and burden (1).
Approximately 40% of patients with unresectable HCC have baseline
AFP ≥ 400 ng/mL (2). In patients with HCC, AFP ≥ 400 ng/mL is a
negative prognostic factor for overall survival (OS) regardless of tumor
stage and has become a stratiﬁcation factor for most phase III clinical
trials in unresectable HCC (1). Beyond the prognostic impact of
baseline AFP levels, a variety of studies suggest that AFP changes on
treatment or after treatment, across all disease stages, are surrogate
biomarkers for response to both systemic treatment and locoregional
treatment (3, 4). Currently, there is no optimal surrogate endpoint for
OS in HCC (5). Objective response rate and progression-free survival
(PFS) have been shown to have low and moderate correlations to OS,
respectively, and challenges exist in the interpretation of radiologic
response (4, 6). Thus, new early response surrogate biomarkers in
HCC, such as on-treatment AFP response, are needed (5, 6).
Many studies have evaluated AFP response following systemic
therapy using differing criteria (7–12). A 2019 meta-analysis of 11
studies, which evaluated AFP response to systemic treatment (chemotherapy, antiangiogenic therapy, or sorafenib) in 1,037 patients,
identiﬁed AFP response to be associated with longer OS (HR, 0.33;
P < 0.001; refs. 3, 13–23). More recently, data from trials on investigational therapies have emerged. Early AFP response in patients with
pretreatment AFP levels of >20 ng/mL was associated with higher
treatment efﬁcacy of immune checkpoint inhibitors (programmed cell
death protein 1 inhibitors and/or anti-CTL–associated antigen 4) in
patients with advanced HCC (7). Compared with nonresponders,
patients with an early AFP response, deﬁned as >20% decline in serum
AFP levels within the ﬁrst 4 weeks of treatment initiation relative to
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Translational Relevance
Clinicians face difﬁculty in predicting the efﬁcacy of hepatocellular carcinoma (HCC) treatments as there is no optimal
surrogate endpoint for overall survival. Furthermore, challenges
exist in the interpretation of radiologic response. Alpha-fetoprotein
(AFP) is the most widely tested serum biomarker in HCC and is
considered reﬂective of more aggressive tumor biology and burden.
With atezolizumab þ bevacizumab being the standard of care for
patients with unresectable HCC, we explored AFP response as a
potential surrogate biomarker of prognosis for the combination
therapy in those with elevated baseline AFP. AFP cutoffs of ≥75%
decrease or ≤10% increase measured 6 weeks after starting treatment were associated with longer overall and progression-free
survival and displayed potential as surrogate biomarkers of
response. Results from this exploratory analysis may be clinically
useful for predicting the efﬁcacy of atezolizumab þ bevacizumab in
patients with systemic treatment-na€ve unresectable HCC early in
treatment, helping to inform patient care.

pretreatment levels, showed longer OS [adjusted HR (aHR), 0.089;
P ¼ 0.003] and PFS (aHR, 0.128; P < 0.001; ref. 7). The phase III
CELESTIAL study recently showed that the AFP control (deﬁned as no
increase from baseline levels) at 8 weeks was the best predictor of
longer OS (HR, 0.50; P < 0.001) and longer PFS (HR, 0.48; P < 0.001) in
patients with advanced HCC who were treated with cabozantinib (8).
In the phase III trials REACH and REACH-2, AFP response was
associated with a longer OS (HR, 0.45; P < 0.001) in patients treated
with ramucirumab and was established as a predictive biomarker for
therapy with ramucirumab (24). Furthermore, recent real-world data
have been published, supporting AFP response as a potential surrogate
biomarker for systemic treatment efﬁcacy (9, 10).
However, there are limitations to these studies. The deﬁnition of
AFP response varied across studies, with >/≥20% and >/≥50% reduction from baseline AFP level being the predominant cutoffs chosen.
Furthermore, the timepoint at which AFP response was determined
ranged from 1 week to 3 months following treatment initiation, with
1 month being the most common. It is also noteworthy that in most of
these studies, the deﬁnition for AFP response was chosen arbitrarily (3, 4). In light of these limitations and the changing treatment
landscape, there is a need to further evaluate the utility of AFP as a
potential surrogate biomarker with newer methods.
Recent advances in the HCC ﬁeld include the global approval of
atezolizumab þ bevacizumab for the treatment of unresectable HCC
that has not been treated with prior systemic therapy (2). Approvals are
based on the results from the phase III IMbrave150 study, in which
atezolizumab þ bevacizumab demonstrated statistically signiﬁcant
and clinically meaningful improvements over sorafenib in coprimary
endpoints of OS and PFS per independent review facility–assessed
RECIST (IRF-RECIST) version 1.1 (2). Compared with standard-ofcare sorafenib, this combination resulted in a 42% decrease in the risk
of death and a 41% decrease in the risk of disease progression or death,
along with a 2.5-month improvement in median PFS at the primary
analysis. Responses were observed regardless of baseline AFP levels.
The treatment beneﬁt with atezolizumab þ bevacizumab versus
sorafenib was maintained with an additional 12 months of followup (median: 15.6 months; ref. 25). These phase III data were consistent
with results from the phase Ib GO30140 study that demonstrated
promising antitumor activity for atezolizumab þ bevacizumab (26).
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We explored the use of AFP response as a potential surrogate
biomarker for the efﬁcacy of the combination of atezolizumab þ
bevacizumab and to inform patient care. After considering the constraints of earlier studies (i.e., limited rationale for the choices of AFP
cutoff and timepoint at which AFP response was determined), we
chose a two-step approach for this exploratory analysis. First, we
analyzed data obtained from atezolizumab þ bevacizumab–treated
patients in Group A of the phase I GO30140 study to provide
supportive rationale for an appropriate AFP response cutoff and
timepoint for determining AFP response. We then validated the
prognostic value of AFP response in patients receiving atezolizumab
þ bevacizumab in the phase III IMbrave150 study using the derived,
optimized parameters from GO30140.

Materials and Methods
Patients
The details of both the GO30140 (NCT02715531) and IMbrave150
(NCT03434379) studies have been published previously (Fig. 1A;
refs. 2, 26). Both of these studies were conducted in accordance with
the International Conference on Harmonization guidelines for Good
Clinical Practice and the principles of the Declaration of Helsinki.
Protocol approval was obtained from the institutional review board or
ethics committee at each site. All patients gave written informed
consent. Patients from these studies were included in this exploratory
analysis if they were treated with atezolizumab (1,200 mg) þ
bevacizumab (15 mg/kg) intravenously every 3 weeks, had an exact
AFP result available at baseline (patients with AFP results expressed as
“less than” or “greater than” certain thresholds were excluded), had
baseline AFP levels ≥20 ng/mL, and had an exact AFP result available
at 3-, 6-, and/or 9-week time windows. In addition, patients from
GO30140 had to have available data on response per IRF-RECIST 1.1.
Evaluation of AFP response parameters
GO30140 data were used as the training cohort as they were
available prior to IMbrave150 data. At each time window, AFP
measurements were taken within 7 days before or after weeks 3, 6,
and 9, respectively. Data from patients enrolled in Group A of
GO30140 were used to identify the optimal time for AFP measurement
and optimal AFP cutoffs to differentiate patients by their best conﬁrmed response per IRF-RECIST 1.1, that is, differentiating (i) patients
who achieved complete or partial response (CR þ PR; responders)
from those with stable or progressive disease (SD þ PD; nonresponders)
and (ii) patients who achieved CR, PR, or SD (disease control) from
those with primary PD (primary progressors; Fig. 1B). The responder
group is a subset of the disease control group. AFP response was
considered achieved if the change in the patient’s AFP level at the
optimal time from baseline was within the range determined by the
optimal cutoff value.
Subsequently, the optimal cutoffs and time window were validated
using updated efﬁcacy data from patients enrolled in the atezolizumab þ
bevacizumab arm of IMbrave150 (Fig. 1B; ref. 25). Because AFP
response at each timepoint was determined on the basis of a 14-day
window, patients from the IMbrave150 study were excluded from OS
and PFS analyses if they experienced relevant events (i.e., death and
death or progression, respectively) prior to the end of the exposure
assessment period (i.e., landmark analysis). Best response per
IRF-RECIST 1.1 and modiﬁed RECIST for HCC (HCC mRECIST)
were used to determine the sensitivity, speciﬁcity, positive predictive
value, and negative predictive value of the AFP cutoffs in differentiating responders versus nonresponders and disease control versus
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Group A (n = 104)
Atezolizumab
1,200 mg IV q3w +
Bevacizumab
15 mg/kg IV q3w

Phase Ib GO30140

Key eligibility criteria
• Locally advanced or
metastatic and/or
unresectable (confirmeda)
HCC
• Measurable disease per
RECIST 1.1
• No prior systemic therapy
• ECOG PS 0-1
• Child–Pugh score: A-B7
(Phase Ib Group A);
A (Phase Ib Group F &
Phase III)

Phase III IMbrave150

R
1:1

Group F1
Atezolizumab
1,200 mg IV q3w +
Bevacizumab
15 mg/kg IV q3w

Identification of optimal parameters
using GO30140 Group A data

8-weekly
assessment
Until loss of
clinical benefit
or
unacceptable
toxicityb

Survival
followup

Sorafenib
400 mg PO bid

9 weeks
(Days 56–70)

Optimal time

Group F2
Atezolizumab
1,200 mg IV q3w

(n = 336)
Atezolizumab
1,200 mg IV q3w +
Bevacizumab
15 mg/kg IV q3w

6 weeks
(Days 35–49)

Differentiate
responders from
nonresponders

Differentiate patients
with disease control
from those with primary
progressive disease

Optimal cutoffs

(Open label)

R
2:1

3 weeks
(Days 14–28)

Validation of optimal parameters
using IMbrave150
atezolizumab + bevacizumab
arm data

6-weekly
assessment
Until loss of
clinical benefit
or
unacceptable
toxicityc

Survival
followup

(Open label)

Differentiate
responders
from
nonresponders

Differentiate
patients with
disease control
from those with
primary
progressive
disease

Prognostic
value of
optimal
cutoffs at
optimal time

Figure 1.
Study designs. A, GO30140 and IMbrave150. B, Evaluation of AFP response. aPer American Association for the Study of Liver Diseases criteria. bTumor assessments
were done every 8 weeks for the ﬁrst year and every 12 weeks thereafter until patient death, disease progression, or initiation of further systemic anticancer therapy.
c
Tumor assessments by CT or MRI were done at baseline and every 6 weeks until 54 weeks, and then every 9 weeks thereafter. bid, twice daily; ECOG PS, Eastern
Cooperative Oncology Group performance status; IV, intravenously; PO, orally; q3w, every 3 weeks; R, randomization; RECIST, Response Evaluation Criteria in Solid
Tumors version 1.1.

primary progressors (as deﬁned above). AFP cutoffs were also evaluated
on their ability to distinguish patients based on (i) OS (deﬁned as the
time from randomization to death from any cause) and PFS (deﬁned as
the time from randomization to disease progression per IRF-RECIST
1.1 or death from any cause, whichever occurred ﬁrst) in the intentionto-treat population and on (ii) OS and PFS by etiology subgroup
[hepatitis B virus (HBV), hepatitis C virus (HCV), and nonviral].
Statistical analyses
Descriptive statistics were used for summarizing the baseline characteristics of patients (i) included versus excluded from analyses,
(ii) stratiﬁed by AFP cutoffs, or (iii) with AFP <20 ng/mL versus AFP
≥20 ng/mL. The ROC curve was used to determine the optimal time
window and cutoffs from the GO30140 data (27). The optimal time
window for AFP measurement was determined on the basis of the area
under the ROC curve in differentiating patients by their best conﬁrmed
response per RECIST 1.1; the larger the area under the ROC curve at
each time window for AFP measurement, the better the model can
distinguish patients between the responder subgroups (27). AFP cutoffs were chosen at the optimal time window by identifying the points
on the ROC curve that maximized the sum of sensitivity and speciﬁcity
in differentiating patients by best conﬁrmed response per RECIST
1.1 (27). Exact binomial conﬁdence limits were calculated for test
sensitivity, speciﬁcity, and positive and negative predictive values (28).
HRs, 95% conﬁdence intervals (CI), and P values for OS and PFS
were estimated with a Cox proportional hazards model using the exact
ties method, which is appropriate for small sample sizes with discrete
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survival times that may involve tied event times (29). Landmark
analysis was used to account for events that occurred before the
outcome assessment window, avoiding immortality bias in survival
analyses. Models were adjusted for age, baseline AFP, and etiology.
P values are presented for descriptive purposes only. All analyses were
conducted using R Core Team (2020) (R: A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria).
Data availability
Qualiﬁed researchers may request access to individual patient-level
data through the clinical study data request platform (https://vivli.org).
Further details on Roche criteria for eligible studies are available at
https://vivli.org/members/ourmembers. For further details on Roche
Global Policy on the Sharing of Clinical Information and how to
request access to related clinical study documents, visit https://www.
roche.com/research_and_development/who_we_are_how_we_work/
clinical_trials/our_commitment_to_data_sharing.htm.

Results
Deﬁnition of AFP response parameters based on analyses of
data from patients in Group A of GO30140
Of the 104 patients from Group A of GO30140 receiving
atezolizumab þ bevacizumab, 58 with baseline AFP ≥20 ng/mL were
included in this exploratory analysis (Supplementary Fig. S1A). AFP
responses at the 6- and 9-week time windows were statistically similar
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in identifying responders and patients with disease control (ROC
outputs are shown in Supplementary Table S1). The 6-week time
window was chosen as it can provide an earlier indication of
response to treatment. Responders were best differentiated from
nonresponders when AFP decreased by ≥76.1% from baseline.
Patients who achieved disease control were best distinguished from
primary progressors when AFP increased by ≤9.4% from baseline.
For ease of use, AFP cutoffs for the groups were rounded: (i) a ≥75%
decrease to identify responders and (ii) a ≤10% increase to identify
disease control.
The sensitivity and speciﬁcity of the ≥75% decrease AFP cutoff for
differentiating responders from nonresponders in patients from
Group A of GO30140 were 0.71 and 0.91, respectively. Using the
≤10% increase AFP cutoff, sensitivity was 0.89 and speciﬁcity was 1.00
for distinguishing disease control versus primary progressors.
Characteristics of IMbrave150 patients based on deﬁned cutoffs
Of the 329 patients receiving atezolizumab þ bevacizumab in
IMbrave150, 150 were included in this exploratory analysis (Supplementary Fig. S1B); 147 of these 150 patients received two cycles in the
ﬁrst 6 weeks. Because the time window for AFP measurement at
6 weeks was from day 35 to 49, patients from the IMbrave150 study

were excluded if they experienced progression or survival events prior
to the end of this exposure assessment period at the day 49 posttreatment initiation (landmark date).
The likelihood of patients being excluded from the analysis was
examined to evaluate the generalizability of the cohort included in this
study. Patients were more likely to be excluded from this analysis if
they were of White versus Asian descent or if they received versus did
not receive prior therapy (local, radiotherapy, or surgery; P < 0.05;
Supplementary Table S2). Patients were more likely (P < 0.05) to be
excluded because of having baseline AFP levels <20 ng/mL if they were
older versus younger, had nonviral versus viral HCC etiology, were
Barcelona Clinic Liver Cancer (BCLC) stage A1/A4/B versus stage C,
or received prior therapy versus did not receive prior therapy (P < 0.05;
Supplementary Table S3).
Baseline characteristics of these patients are shown in Table 1 based
on the ≥75% decrease and ≤10% increase AFP cutoffs. Overall, patients
had a median age of 62.0 years and were mostly males (81.3%) of
Asian descent (62.7%). The majority of patients were classiﬁed as
Child–Pugh class A5 (70.7%) and BCLC stage C (85.3%), had Eastern
Cooperative Oncology Group performance score (ECOG PS) 0
(67.3%) and HBV etiology (54.0%), and had received prior locoregional therapy (63.3%).

Table 1. Baseline characteristics stratiﬁed by AFP cutoffs.

Yes
(n ¼ 39)
Median age (IQR), years
Sex, n (%)
Female
Male
Race, n (%)
Asian
White
Other
Unknown
Median baseline
AFP (IQR), ng/mL
ECOG PS, n (%)
0
1
Child–Pugh class, n (%)
A5
A6
Etiology, n (%)
HBV
HCV
Nonviral
BCLC stage, n (%)
A1/A4
B
C
Extrahepatic spread, n (%)
Median time from initial
diagnosis (IQR), months
Prior locoregional therapy,a
n (%)
Median number of metastatic
sites (IQR), n

≥75% decrease in AFP
No
(n ¼ 111)

Yes
(n ¼ 107)

≤10% increase in AFP
No
(n ¼ 43)

All patients included
in analysis
(N ¼ 150)

61.0 (53.0–70.5)

63.0 (54.5–69.0)

61.0 (53.0–68.5)

65.0 (60.5–72.5)

62.0 (54.0–70.0)

5 (12.8)
34 (87.2)

23 (20.7)
88 (79.3)

16 (15.0)
91 (85.0)

12 (27.9)
31 (72.1)

28 (18.7)
122 (81.3)

23 (59.0)
14 (35.9)
0 (0.0)
2 (5.1)
2,907.1 (505.0–14,821.1)

71 (64.0)
28 (25.2)
4 (3.6)
8 (7.2)
615.7 (75.3–7,441.0)

64 (59.8)
33 (30.8)
4 (3.7)
6 (5.6)
1,485.8 (162.6–8,605.2)

30 (69.8)
9 (20.9)
0
4 (9.3)
1,193.0 (75.3–9,112.0)

94 (62.7)
42 (28.0)
4 (2.7)
10 (6.7)
1,354.5 (121.0–8,735.7)

26 (66.7)
13 (33.3)

75 (67.6)
36 (32.4)

72 (67.3)
35 (32.7)

29 (67.4)
14 (32.6)

101 (67.3)
49 (32.7)

31 (79.5)
8 (20.5)

75 (67.6)
36 (32.4)

76 (71.0)
31 (29.0)

30 (69.8)
13 (30.2)

106 (70.7)
44 (29.3)

18 (46.2)
14 (35.9)
7 (17.9)

63 (56.8)
20 (18.0)
28 (25.2)

58 (54.2)
27 (25.2)
22 (20.6)

23 (53.5)
7 (16.3)
13 (30.2)

81 (54.0)
34 (22.7)
35 (23.3)

0 (0.0)
3 (7.7)
36 (92.3)
28 (71.8)
4.7 (1.7–9.4)

5 (4.5)
14 (12.6)
92 (82.9)
73 (65.8)
6.3 (2.1–18.2)

4 (3.7)
10 (9.3)
93 (86.9)
72 (67.3)
4.7 (1.8–11.6)

1 (2.3)
7 (16.3)
35 (81.4)
29 (67.4)
9.2 (2.1–25.2)

5 (3.3)
17 (11.3)
128 (85.3)
101 (67.3)
6.0 (1.9–15.4)

22 (56.4)

73 (65.8)

63 (58.9)

32 (74.4)

95 (63.3)

0.0 (0.0–1.0)

1.0 (0.0–1.0)

1.0 (0.0–1.0)

1.0 (0.0–1.0)

1.0 (0.0–1.0)

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance score; IQR, interquartile
range.
a
Includes local therapy, radiotherapy, and surgery.
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Table 2. Sensitivity and speciﬁcity of AFP cutoffs in differentiating patients by response status per IRF-assessed RECIST 1.1 and HCC
mRECIST.

Point estimate (95% CI)

RECIST 1.1
(n ¼ 144)
≥75% AFP decrease
≤10% AFP increase
(responders vs.
(disease control vs.
nonresponders)
primary progressors)

HCC mRECIST
(n ¼ 144)
≥75% AFP decrease
≤10% AFP increase
(responders vs.
(disease control vs.
nonresponders)
primary progressors)

Sensitivity
Speciﬁcity
Positive predictive value
Negative predictive value
Area under the curve

0.59 (0.42–0.74)
0.86 (0.78–0.92)
0.61 (0.43–0.76)
0.85 (0.77–0.91)
0.78

0.56 (0.41–0.70)
0.89 (0.81–0.95)
0.74 (0.57–0.87)
0.79 (0.70–0.87)
0.75

0.77 (0.68–0.85)
0.44 (0.27–0.62)
0.82 (0.73–0.89)
0.38 (0.23–0.54)
0.66

0.77 (0.68–0.85)
0.43 (0.26–0.61)
0.81 (0.72–0.88)
0.38 (0.23–0.54)
0.67

Abbreviations: AFP, alpha-fetoprotein; HCC mRECIST, HCC-modiﬁed RECIST; IRF, independent review facility; RECIST 1.1, Response Evaluation Criteria in Solid
Tumors version 1.1.

Differences in baseline characteristics between responders and
nonresponders at each AFP cutoff were observed. Compared with
patients who had a <75% decrease in AFP, more patients with a ≥75%
decrease in AFP had higher AFP at baseline (median: 2,907 vs. 616 ng/mL;
P ¼ 0.006) or had viral etiology (82.1% vs. 74.8%, P ¼ 0.07). In
addition, compared with patients who had a >10% increase in AFP,
patients with a ≤10% increase in AFP were younger (median: 61.0 vs.
65.0 years old; P ¼ 0.039). Consequently, the Cox model was adjusted
for age, baseline AFP, and etiology.

Figure 2.
Waterfall plot of change in AFP at
6 weeks from baseline and best conﬁrmed response per IRF-RECIST 1.1.
AFP, alpha-fetoprotein; CR, complete
response; IRF-RECIST, independent
review facility–assessed Response
Evaluation Criteria in Solid Tumors version 1.1; PD, progressive disease; PR,
partial response; SD, stable disease.

Change in AFP at 6 weeks from baseline (%)

Association between AFP cutoffs and patient outcomes in
IMbrave150
In patients from IMbrave150, sensitivity and speciﬁcity of the ≥75%
decrease AFP cutoff for differentiating responders from nonresponders were 0.59 (95% CI: 0.42–0.74) and 0.86 (95% CI: 0.78–0.92),
respectively (Table 2). The sensitivity was 0.77 (95% CI: 0.68–0.85)
and speciﬁcity was 0.44 (95% CI: 0.27–0.62) when the ≤10% increase
AFP cutoff was used to distinguish patients who achieved disease
control versus primary progressors. As shown in Fig. 2, the majority of
patients who had a ≥75% decrease in AFP achieved objective response,
and most of those with a ≤10% increase in AFP had disease control.
The HCC mRECIST criteria generated similar sensitivity and speciﬁcity estimates for both cutoffs in patients from IMbrave150. Positive
and negative predictive values of each cutoff are also presented
in Table 2. In light of the lower performance in the validation cohort,

particularly for the ≤10% increase AFP cutoff to distinguish patients
who achieved disease control versus primary progressors, an additional exploratory analysis was performed to evaluate the test characteristics for the commonly used cutoffs of ≥20% decrease AFP and
≥50% decrease AFP for the IMbrave150 cohort (Supplementary
Table S4). On the basis of the sum of the sensitivity and speciﬁcity,
the ≥75% decrease remains the optimal cutoff for distinguishing
responders from nonresponders, while for differentiating disease
control versus primary progressors, a ≥20% decrease appears to
perform better.
Both AFP cutoffs were associated with OS and PFS in the overall
population (Fig. 3). Patients in IMbrave150 whose AFP levels
decreased by ≥75% from baseline at 6 weeks had not reached
median OS at the time of data cutoff, whereas patients whose AFP
levels decreased by <75% had a median OS of 14.2 months (aHR,
0.36; 95% CI: 0.20–0.66; P < 0.001; Fig. 3A). For patients whose
AFP levels had increased by ≤10% versus >10%, median OS was
23.7 and 10.6 months, respectively (aHR, 0.45; 95% CI: 0.29–0.70;
P < 0.001; Fig. 3B).
Median PFS in patients with a ≥75% decrease in AFP was
13.2 months compared with 6.7 months in patients with a <75%
decrease in AFP (aHR, 0.46; 95% CI: 0.28–0.77; P < 0.001; Fig. 3C).
For patients with a ≤10% versus >10% increase in AFP, median PFS
was 9.9 and 5.5 months, respectively (aHR, 0.40; 95% CI: 0.24–0.66;
P < 0.001; Fig. 3D).
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Figure 3.
OS of patients in IMbrave150 treated with atezolizumab þ bevacizumab stratiﬁed by AFP cutoffs at 6 weeks. A, ≥75% AFP decrease. B, ≤10% AFP increase. PFS of
patients in IMbrave150 treated with atezolizumab þ bevacizumab stratiﬁed by AFP cutoffs at 6 weeks. C, ≥75% AFP decrease. D, ≤10% AFP increase. aEstimated using
a Cox proportional hazards model adjusted for baseline AFP, age, and viral etiology. AFP, alpha-fetoprotein; HR, hazard ratio; mo, months; NE, not estimable; OS,
overall survival; PFS, progression-free survival.

Association between AFP cutoffs and improvement in survival
based on etiology
In patients with HBV etiology, longer OS was seen in patients with a
≥75% decrease (aHR, 0.22; 95% CI: 0.07–0.68; P ¼ 0.008) and ≤10%
increase in AFP (aHR, 0.38; 95% CI: 0.21–0.69; P ¼ 0.002) versus the
rest of this subgroup (patients with a <75% decrease and >10% increase
in AFP, respectively). Longer PFS was also observed in patients with a
≥75% decrease (aHR, 0.46; 95% CI: 0.22–0.95; P ¼ 0.037) and ≤10%
increase in AFP (aHR, 0.38; 95% CI: 0.18–0.81; P ¼ 0.012; Table 3)
compared with the rest of this subgroup. In patients with HCV or
nonviral etiologies, neither cutoff was associated with longer OS or PFS
(P > 0.05).

Discussion
Using data from patients in the single-arm cohort of GO30140, we
derived AFP cutoffs of a ≥75% decrease and a ≤10% increase from
baseline at 6 weeks to identify responders and patients with disease
control, respectively. These cutoffs were subsequently validated in
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patients receiving atezolizumab þ bevacizumab from IMbrave150
with baseline AFP levels of ≥20 ng/mL, showing the potential for
AFP as a surrogate and early biomarker of response. Compared with
nonresponders, more patients who achieved AFP response based on
either of the cutoffs were younger, had viral etiology, and had higher
AFP at baseline. In addition, both AFP cutoffs were associated with
longer OS and PFS, particularly in patients with HBV etiology (aHR
<0.5; P < 0.01). Notably, the proportion of patients with HBV at
baseline was higher among AFP nonresponders than responders,
which was also reported in another AFP study (24). This association
between HBV etiology and AFP response suggests that AFP cutoffs
may be more selective in patients with baseline HBV compared with
patients with HCV or nonviral etiology, potentially explaining the
longer OS and PFS in AFP responders with HBV. Nonetheless, a trend
for longer OS and PFS was also observed in the HCV and nonviral
subgroups but further analysis in a larger sample of these subgroups
would be required to conﬁrm such conclusions. Results from this
exploratory analysis can be clinically relevant to assess the prognosis of
patients receiving the atezolizumab þ bevacizumab combination at
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Table 3. OS and PFS per AFP cutoffs and HCC etiology.

Etiology

n

HBV

80

HCV

34

Nonviral

35

OS
HR (95% CI); Pa
≥75% AFP decrease

≤10% AFP increase

n

0.22 (0.07–0.68)
P ¼ 0.008
0.56 (0.19–1.63)
P ¼ 0.288
0.45 (0.14–1.43)
P ¼ 0.174

0.38 (0.21–0.69)
P ¼ 0.002
0.34 (0.10–1.15)
P ¼ 0.083
0.74 (0.33–1.66)
P ¼ 0.471

61
29
30

PFS per IRF-assessed RECIST 1.1
HR (95% CI); Pa
≥75% AFP decrease
≤10% AFP increase
0.46 (0.22–0.95)
P ¼ 0.037
0.44 (0.15–1.30)
P ¼ 0.139
0.49 (0.15–1.64)
P ¼ 0.248

0.38 (0.18–0.81)
P ¼ 0.012
0.29 (0.09–0.91)
P ¼ 0.034
0.52 (0.21–1.31)
P ¼ 0.164

Abbreviations: AFP, alpha-fetoprotein; IRF, independent review facility; OS, overall survival; PFS, progression-free survival; RECIST 1.1, Response Evaluation Criteria in
Solid Tumors version 1.1.
a
Estimated using a Cox proportional hazards model adjusted for baseline AFP and age.

6 weeks after starting treatment. In particular, the threshold for a >10%
increase in AFP levels may be most useful for identifying, carefully
monitoring, and managing patients who may be less likely to achieve
disease control and/or experience prolonged OS from treatment with
atezolizumab þ bevacizumab, keeping in mind that a patient showing
an early AFP increase may still experience a radiologic response at a
later timepoint. Of note, 5 of the 43 patients who had a >10% increase
in AFP at 6 weeks showed an objective response (PR or CR) at some
point during the treatment. Conversely, an early AFP drop of ≥75%
may increase both the treating physician’s and their patient’s conﬁdence in the treatment choice.
The main strength of this study is the two-step study design, which
makes our work the ﬁrst to provide supportive rationale for the chosen
AFP response cutoffs and time window and the ﬁrst to validate the
prognostic value of AFP response in a larger, external sample of
patients. Of note, none of the previously reported cutoffs emerged
from our analysis of GO30140 as being the optimal thresholds. Only
one other study has used ROC curve analyses to identify an optimal
cutoff for AFP response. The cutoff derived was a ≥40% decrease in
AFP levels 1 month after lenvatinib initiation, with sensitivity and
speciﬁcity levels of 1.00 and 0.78, respectively, in distinguishing
patients with disease control from primary progressors (9). Although
the performance of this cutoff was comparable with the cutoff derived
in our exploratory analysis, which was a ≤10% increase in AFP at
6 weeks with a sensitivity of 0.89 and speciﬁcity of 1.00 in identifying
disease control, this study did not provide justiﬁcation for the chosen
time window nor test their cutoff in an independent validation
cohort (9). In the absence of a validation cohort test, it is difﬁcult to
directly compare these ﬁndings to those reported in our study.
Moreover, to the authors’ knowledge, no other study has explicitly
reported the test characteristics of their chosen cutoff, preventing
further comparisons on the performance of our model. One study
conducted an exploratory analysis using maximally selected rank
statistics to identify an optimal AFP cutoff that provided the
strongest association with OS (8). However, this cutoff was not
tested in a validation cohort and maximally selected rank statistics
cannot be compared directly with our approach. The only other
study that included an exploratory and validation cohort applied
an arbitrarily deﬁned AFP cutoff and time window rather than
leveraging an exploratory cohort to identify an optimal AFP
response deﬁnition (22). Furthermore, strengths of this study
include the use of a landmark analysis which explicitly excluded
patients who experienced progression or survival outcomes prior
to AFP response classiﬁcation, thereby avoiding immortality bias
in survival analyses.
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A limitation of this analysis is that the results may be less relevant for
patient populations who were not part of the study cohort, for example,
patients who were Child–Pugh class B or C; with AFP levels <20 ng/mL;
and who experienced progression or survival outcomes prior to day
50 in the landmark analysis. The latter two subgroups were excluded
from this analysis to improve response identiﬁcation and reduce
immortality bias, respectively. However, in the new era of personalized
healthcare, our approach may be considered a strength by analyzing
the outcomes of a biologically relevant subgroup. Furthermore, most
studies of AFP response to systemic treatments to date have been
limited to similar patient cohorts.
Another limitation is that the sensitivity and speciﬁcity of the AFP
cutoffs in differentiating patients per RECIST 1.1 were lower in
IMbrave150 than in GO30140. There was a decrease in speciﬁcity for
the ≤10% cutoff from 1.00 in GO30140 to 0.44 in IMbrave150. Further
exploratory analyses indicate that the 75% cutoff remains the optimal
cutoff in distinguishing responders from nonresponders, while for
differentiating disease control versus primary progressors a 20%
decrease appears to perform better. One possible reason for the
decrease in speciﬁcity for the ≤10% cutoff is that tumor assessments
occurred at different frequencies in these two studies (2, 11). In
GO30140, tumors were assessed every 8 weeks for the ﬁrst year and
every 12 weeks thereafter (11), whereas in IMbrave150, tumors were
assessed every 6 weeks until week 54 and every 9 weeks thereafter (2).
Considering that the AFP cutoffs were derived from GO30140 data,
it is not entirely unexpected that the same cutoffs would not be
equally sensitive and speciﬁc in IMbrave150. One possible way to
increase the sensitivity and speciﬁcity of the AFP cutoffs in predicting treatment response in both datasets is to increase the
baseline AFP threshold (<20 ng/mL) used in the exclusion criteria.
By doing so, even more clinically meaningful changes in AFP levels
will be needed to meet the AFP cutoffs, enabling a better prediction
of response per RECIST 1.1. However, this will also result in a larger
exclusion of patients with low AFP at baseline and would require
careful consideration.
Of note, the ≥75% decrease and ≤10% increase AFP cutoffs were
derived on the basis of tumor response data in GO30140 and then
applied to survival data in IMbrave150. As different factors might
impact tumor response versus PFS and OS, these cutoffs, while robust,
may not be optimal for predicting longer PFS and/or OS. Sensitivity
analyses including further key prognostic factors such as BCLC stage,
liver function, extrahepatic spread, and ECOG PS, in multivariate
models did not change conclusions (Supplementary Table S5). Future
studies could consider using our approach to identify and test an
optimal AFP response deﬁnition in exploratory and validation cohorts
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but leverage maximally selected rank statistics to optimize the cutoffs
with regard to OS or PFS. Alternatively, further investigation could
combine AFP response and radiologic evaluation of response to
predict OS and PFS, as well as compare the prognostic ability of the
combined approach with radiologic evaluation alone.
Despite these limitations, this exploratory analysis provides supportive rationale for appropriate AFP response cutoffs and tested the
prognostic value of AFP response, presenting clinicians with relevant
data that can be used for informing therapy management with
atezolizumab þ bevacizumab. To the best of the authors’ knowledge,
this is the ﬁrst study to evaluate AFP as a surrogate marker in the
current standard of care, atezolizumab þ bevacizumab, in ﬁrst-line
unresectable HCC. Furthermore, this is the also the ﬁrst study to use
two different datasets to identify and test the AFP cutoffs and
assessment windows.
Conclusions
The use of AFP changes as a surrogate biomarker of response has
long been of interest for the improvement of HCC patient management. With the approval of atezolizumab þ bevacizumab as the new
standard of care for patients with unresectable HCC, there are new
possibilities to analyze and interpret such data. On the basis of data
from IMbrave150 patients with baseline AFP levels of >20 ng/mL, a
≥75% decrease or ≤10% increase in AFP levels measured 6 weeks after
starting treatment shows an association with longer OS and PFS. These
AFP cutoffs also displayed potential as surrogate biomarkers of
response to this combination. Results from this exploratory analysis
may be clinically useful for predicting the efﬁcacy of atezolizumab þ
bevacizumab in patients with systemic treatment-na€ve unresectable
HCC early in the course of treatment.
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