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ABSTRACT
◥

Purpose: KEYNOTE-224 cohort 1 demonstrated that pembroli-
zumab was efficacious and tolerable in patients with advanced hepa-
tocellular carcinoma (HCC) previously treated with sorafenib. We
report results from KEYNOTE-224 (NCT02702414) cohort 2, which
enrolled patients with advanced HCC and no prior systemic therapy.

Patients and Methods: KEYNOTE-224 was an open-label,
multicountry phase II trial. Eligible patients in cohort 2 had
advanced HCC not amenable or refractory to locoregional therapy
and not previously treated with systemic therapy. Patients received
pembrolizumab 200 mg intravenously every 3 weeks for ≤2 years.
Primary endpoint was objective response rate (ORR) by central
imaging review per RECIST v1.1. Secondary endpoints included
duration of response (DOR), disease control rate (DCR), time to
progression (TTP), progression-free survival (PFS), overall survival
(OS), and safety/tolerability.

Results: Between September 4, 2018, and February 20, 2019,
51 patients were allocated in cohort 2. The median time from
the first dose to data cutoff (January 19, 2021) was 27 months
(range, 23–29). ORR was 16% [95% confidence interval (CI),
7–29] and was similar across key subgroups. Median DOR
was 16 months (range, 3–24þ), and DCR was 57%. The
median PFS was 4 months (95% CI, 2–8), and median TTP
was 4 months (95% CI, 3–9). Median OS was 17 months (95%
CI, 8–23). Grade ≥3 treatment-related adverse events occurred
in 16% of patients.

Conclusions: In patients with advanced HCC with no prior
systemic therapy, pembrolizumab provided durable antitumor
activity, promising OS, and had a safety profile consistent with
previous observations. These findings support further evaluation of
pembrolizumab-based regimens for HCC.

Introduction
Liver cancer is one of the most commonmalignancies and a leading

cause of cancer-related mortality worldwide (1). Hepatocellular car-
cinoma (HCC) accounts for up to 90% of primary liver cancers (2).
Risk factors for HCC include cirrhosis, hepatitis B or C virus infection,
heavy alcohol use, and metabolic syndrome (2, 3). Patients with HCC
are often diagnosed with advanced disease and are not eligible for

curative treatment (e.g., resection, transplantation, or ablative strat-
egies). For these patients, prognosis is poor, creating a significant
unmet need in the management of advanced HCC (4).

The treatment landscape for advanced HCC has evolved rapidly in
recent years. First-line systemic therapies for advanced HCC include
monotherapy with the oral tyrosine kinase inhibitors sorafenib (5, 6)
and lenvatinib (7). The combination of the immune checkpoint
inhibitor atezolizumab, which binds to programmed death ligand 1
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(PD-L1), plus the anti-VEGF antibody bevacizumab showed a signif-
icant survival benefit versus sorafenib and became a standard of care
for first-line treatment for many patients with unresectable HCC (8).
Recently, results from the ORIENT-32 study also demonstrated
improved progression-free survival (PFS) and overall survival (OS)
benefits with sintilimab (a programmed death 1 inhibitor) plus IBI305,
a bevacizumab biosimilar, versus sorafenib as a first-line treatment
for unresectable hepatitis B virus–associated HCC (9). Options for
subsequent therapy in the United States include antiangiogenic ther-
apies (tyrosine kinase inhibitors regorafenib, cabozantinib, and ramu-
cirumab), and patients who have not been previously treated with
immunotherapy can receive pembrolizumab monotherapy or the
combination of nivolumab plus ipilimumab (10).

In cohort 1 of the phase II KEYNOTE-224 trial, pembrolizumab
monotherapy provided durable antitumor activity with a manageable
safety profile in patients with advanced HCC previously treated
with sorafenib (11) and was approved for this patient population by
the FDA (12). The phase III randomized, double-blinded KEYNOTE-
240 trial supported a favorable benefit-to-risk profile for pembrolizu-
mab as second-line therapy after sorafenib for advanced HCC,
although OS and PFS did not reach the statistical significance thresh-
olds per specified criteria [HR for OS, 0.781; 95% confidence interval
(CI), 0.611–0.998; P¼ 0.0238; HR for PFS, 0.775; 95%CI, 0.609–0.987;
P ¼ 0.0186; ref. 13]. Recently, in the phase III randomized, double-
blinded KEYNOTE-394 trial, pembrolizumab monotherapy resulted
in a statistically significant improvement of OS (primary endpoint;
HR, 0.79; 95% CI, 0.63–0.99; P ¼ 0.0180), PFS (secondary endpoint;
HR, 0.74; 95% CI, 0.60–0.92; P ¼ 0.0032), and objective response
rate (ORR) versus placebo for Asian patients with advanced HCC
who had received prior sorafenib treatment (14). The similar
findings of the KEYNOTE-240 and KEYNOTE-394 studies dem-
onstrated a consistent clinical benefit for pembrolizumab mono-
therapy in advanced HCC.

Here, we report efficacy and safety results for cohort 2 of
KEYNOTE-224, which included patients with advanced HCC who
had not received prior systemic therapy.

Patients and Methods
Study design and patients

KEYNOTE-224 is a phase II, single-arm, open-label, multicenter
trial conducted in 13 centers in Belgium, Canada, Italy, Sweden, the
United Kingdom, and the United States for cohort 2. Eligible patients

in cohort 2 were at least 18 years old, had radiologically, histologically,
or cytologically confirmed, incurable HCC not amenable or refractory
to locoregional therapy, Child-Pugh A liver disease, measurable
disease based on Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 (15) by central imaging review, Eastern Coop-
erative Oncology Group performance status (ECOG PS) 0–1, Barce-
lona Clinic Liver Cancer (BCLC) stage C or B, and had no prior
systemic therapy in the advanced disease setting. Full inclusion and
exclusion criteria are provided in the protocol (appendix). No treat-
ment blinding or randomization occurred.

The study protocol and amendments were approved by the insti-
tutional review boards and ethics review committees at each institu-
tion. The study was conducted in accordance with the protocol, Good
Clinical Practice guidelines, and the Declaration of Helsinki. All
patients provided written informed consent.

Treatment and masking
This was an open-label, single-arm cohort of the trial. All enrolled

patients were allocated to receive pembrolizumab 200 mg intrave-
nously over 30 minutes every 3 weeks.

Procedures
Patients received pembrolizumab for up to 35 cycles (�2 years) or

until disease progression, unacceptable toxicity, consent withdrawal,
or investigator decision to discontinue therapy. Tumor imaging and
response assessment per RECIST version 1.1 were conducted every
9 weeks until disease progression, the start of new anticancer treat-
ment, withdrawal of consent, death, or notification by the Sponsor,
whichever occurred first. Treatment could be continued until confir-
mation of progressive disease by immune-related RECIST (irRECIST)
on imaging performed at least 4 weeks after the date at which
progression was first observed. In cases of confirmation of progressive
disease by irRECIST, an exception to continue study treatment could
have been considered following consultation with the Sponsor. If the
patient was determined to be in complete or partial response or to have
stable disease per irRECIST, study treatment could be continued at the
investigator’s discretion. Survival status was assessed every 12 weeks
after confirmed disease progression or the start of new anticancer
therapy.

Adverse events (AE) were assessed from the time of treatment
allocation until 30 days after treatment cessation; serious AEs were
followed for 90 days (30 days if the patient started a new anticancer
therapy, whichever was earlier) after treatment cessation.

Study endpoints
The primary endpoint was ORR, defined as the proportion of

patients with a confirmed complete or partial response (per RECIST
1.1 by central imaging review). Secondary endpoints were the duration
of response (DOR; time from first confirmed complete or partial
response to disease progression or death, whichever occurred first),
disease control rate (DCR; the proportion of patients with complete
and partial responses or stable disease), time to progression (TTP; time
from the first day of treatment to first documented disease progres-
sion), andPFS (time from thefirst day of treatment tofirst documented
disease progression or death, whichever occurred first), all of which
were assessed per RECIST 1.1 by central imaging review; OS (time
from the first day of treatment to death from any cause); and safety and
tolerability.

Protocol-specified exploratory endpoints included evaluation of
ORR, DOR, DCR, TTP, and PFS per irRECIST (16) and modified
RECIST (mRECIST) for HCC (17) by central imaging review and per

Translational Relevance

Results from cohort 1 of the phase II, open-label KEYNOTE-
224 trial demonstrated that pembrolizumab monotherapy was
efficacious and tolerable in patients with advanced hepatocel-
lular carcinoma (HCC) previously treated with sorafenib.
Cohort 2 of the KEYNOTE-224 trial investigated pembrolizu-
mab monotherapy as a therapeutic approach for patients with
advanced HCC who had not been previously treated with
systemic therapy. The results showed that pembrolizumab
monotherapy in this population had promising efficacy, includ-
ing objective response rate with durable antitumor activity and
no new safety signals. These findings support further evaluation
of pembrolizumab alone or in combination with other agents for
the treatment of HCC.
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RECIST 1.1 by investigator’s assessment. A full list of prespecified
exploratory endpoints is available in the protocol.

Statistical analysis considerations
A sample size of �50 patients was chosen to provide acceptable

precision for the assessment of ORR with the expected 95% CI of
approximately � 11% around the ORR estimate if the observed
ORR was �17%. No interim analysis was planned for cohort 2.
Efficacy and safety were assessed in patients who received at least
one dose of study treatment. DOR was assessed in responders
(patients who had confirmed partial or complete response). Because
this was an open-label, single-arm cohort, there was no hypothesis
testing. The estimates and 95% CIs for ORR and DCR were based on
Clopper–Pearson method. The Kaplan–Meier method was used to
estimate OS, PFS, TTP, and DOR.

Patients without evaluable response data were counted as nonre-
sponders for ORR assessment and as patients whose disease was not
under control for DCR assessment. For DOR, patients without pro-
gression by central imaging review, death, or use of new anticancer
therapy were censored at the last adequate disease assessment; those
without progression or death but with use of new anticancer therapy
were censored at the last adequate disease assessment before new
anticancer therapy was initiated; and those with death or progression
after two or more consecutive missed adequate disease assessments
were censored at the last adequate disease assessment prior to the
missed adequate disease assessments. Patients were considered to have
an ongoing response if they were alive, had not progressed, had not
started a new anticancer therapy, and were not lost to follow-up.
Patients without progression by central imaging review or death were
censored for PFS analysis at the last adequate disease assessment (prior
to the start of the post-study oncologic therapy if applicable). Patients
without central imaging review were censored for TTP analysis at the
last adequate disease assessment (prior to the start of the post-study
oncologic therapy if applicable). For OS, patients not known to have
died prior to the data cutoff were censored at the date last known alive
or data cutoff, whichever was the earliest.

Patient flow through the trial, demographic and baseline char-
acteristics, and AEs were summarized by descriptive statistics or
categorical tables.

We conducted prespecified subgroup analyses of age (≤65 vs. >65
years), sex (female vs. male), region (United States vs. non-United
States), viral status (hepatitis B and/or hepatitis C seropositivity
versus nonviral etiology), ECOG PS (0 vs. 1), alpha-fetoprotein level
(>200 ng/mL vs. ≤200 ng/mL), macrovascular invasion (yes vs. no),
and extrahepatic disease (yes vs. no) to assess the consistency of the
primary endpoint across various subgroups. Hepatitis B seropositivity
was defined as hepatitis B surface antigen–positive and/or hepatitis B
virus DNA detectable and/or anti-hepatitis B core positive, and
hepatitis C seropositivity was defined as hepatitis C virus RNA
detectable and/or anti-hepatitis C virus-positive.

This study is registered with ClinicalTrials.gov, NCT02702414. The
study is ongoing for follow-up but is no longer enrolling patients.

Data-sharing statement
Merck Sharp & Dohme Corp. (MSD), a subsidiary of Merck & Co.,

Inc., Kenilworth, NJ, is committed to providing qualified scientific
researchers access to anonymized data and clinical study reports from
the company’s clinical trials for the purpose of conducting legitimate
scientific research. MSD is also obligated to protect the rights and
privacy of trial participants and, as such, has a procedure in place for
evaluating and fulfilling requests for sharing company clinical trial

data with qualified external scientific researchers. The MSD data
sharingwebsite (available at http://engagezone.msd.com/ds_documen
tation.php) outlines the process and requirements for submitting a
data request. Applications will be promptly assessed for completeness
and policy compliance. Feasible requests will be reviewed by a com-
mittee of MSD subject matter experts to assess the scientific validity of
the request and the qualifications of the requestors. In line with data
privacy legislation, submitters of approved requests must enter into a
standard data-sharing agreement with MSD before data access is
granted. Data will bemade available for request after product approval
in the US and EU or after product development is discontinued. There
are circumstances thatmay preventMSD from sharing requested data,
including country or region-specific regulations. If the request is
declined, it will be communicated to the investigator. Access to genetic
or exploratory biomarker data requires a detailed, hypothesis-driven
statistical analysis plan that is collaboratively developed by the request-
or and MSD subject matter experts; after approval of the statistical
analysis plan and execution of a data-sharing agreement, MSD will
either perform the proposed analyses and share the results with the
requestor or will construct biomarker covariates and add them to a file
with clinical data that is uploaded to an analysis portal so that the
requestor can perform the proposed analyses.

Results
Patients

Of the 70 patients screened for cohort 2, 51met the eligibility criteria
and were allocated between September 4, 2018 and February 20, 2019.
All allocated patients received at least one dose of the study drug and
were included in the efficacy and safety analyses. The median time
from the first dose to the data cutoff (January 19, 2021) was 27 months
(range, 23–29). At the time of data cutoff, 6 patients completed the
treatment with pembrolizumab, 1 patient remained on treatment, and
44 patients discontinued treatment. The most common reasons for
discontinuation were progressive disease in 27 (53%) patients and AEs
in 8 (16%) patients (Supplementary Fig. S1). Baseline characteristics
are shown in Table 1.

Efficacy
Objective response

Per RECIST 1.1 by central imaging review, an objective response
was observed in 8 of 51 patients, and theORRwas 16% (95%CI, 7–29);
all 8 patients had partial response. An additional 21 patients had stable
disease, for a DCR of 57% (95%CI, 42–71). Progressive disease was the
best response for 17 (33%) patients, and response was unable to be
assessed for 5 (10%) patients (Table 2).

ORR was generally consistent across subgroups analyzed (Fig. 1).
Of the 47 patients with at least one post-baseline imaging assessment,
22 (47%) patients had a reduction in target lesion size from baseline,
including 11 (23%) patients who had a ≥30% reduction (Fig. 2A).
Median time to response was 6 months (range, 2–13), with the initial
response observed by week 9 for 3 of the 8 confirmed responses
(Fig. 2B). The median DOR was 16 months (range, 3–24þ). Of the 8
responders with a confirmed response, 50% had ongoing responses as
of the data cutoff date (Fig. 2B). Per Kaplan–Meier estimate, 73% of
responders had responses that lasted at least 12 months. Of the 6
patients who completed treatment with pembrolizumab, best overall
response was partial response in 4 patients and stable disease in 2
patients. One patient with stable disease had subsequent disease
progression. DOR ranged from 12.5þ to 24.0þmonths, and duration
of disease control ranged from 8.2 to 24.0þ months.
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TTP, PFS, and OS
At the data cutoff, 44 (86%) patients had a PFS event per RECIST

1.1 by central imaging review. Themedian TTPwas 4months (95%CI,
3–9), andmedian PFS was 4months (95%CI, 2–8). The estimated PFS
rate at 12 months was 28% (Fig. 3A). Of the 51 patients, 34 (67%) had
died. Median OS was 17 months (95% CI, 8–23), and the OS rate at
12 months was 58% (Fig. 3B).

Prespecified exploratory analyses of objective response and PFS
In prespecified exploratory analyses of responses, objective re-

sponses were observed in 9 (18%; 95%CI, 8–31) patients per irRECIST
or mRECIST by central imaging review or per RECIST 1.1 by
investigator’s assessment (Supplementary Table S1).

On the basis of irRECIST assessment by central imaging review, the
Kaplan–Meier estimate of objective response lasting at least 12months
was 74%.Median PFS was 6months (95%CI, 3–10), with an estimated
PFS rate at 12 months of 33% (Supplementary Fig. S2A).

With the use of the mRECIST criteria by central imaging review,
67% of responders had responses that lasted at least 12 months per
Kaplan–Meier estimate.Median PFSwas 4months (95%CI, 2–6), with
an estimated PFS rate at 12 months of 24% (Supplementary Fig. S2B).

On the basis of the RECIST 1.1 criteria by investigator’s assessment,
78% of responders had responses that lasted at least 12 months per
Kaplan–Meier estimate.Median PFSwas 5months (95%CI, 2–6), with
an estimated PFS rate at 12 months of 25% (Supplementary Fig. S2C).

Safety
In all treated patients, median treatment duration was 4 months

(range, 1 day–27 months). Treatment-emergent AEs were reported in
49 (96%) patients (grade 3–5, 63%; Table 3). Treatment-related AEs
were reported in 28 (55%) patients, and common events weremostly of
grade 1 to 2 severity. There were 3 (6%) patients who discontinued
pembrolizumab because of treatment-related AEs. Grade 3 to 5
treatment-related AEs occurred in 8 (16%) patients; all were grade
3 except in 1 patient, who also had grade 3myositis (at day 5) and grade
3 immune-mediated hepatitis (at day 15), and died from grade 5
myocarditis (day 26–31) that was attributed to study treatment by the
investigator. This patient required steroids to treat immune-mediated
AEs (i.e., hepatitis, myositis, and myocarditis), but died of myocarditis
while the other two AEs were ongoing. Immune-mediated AEs and
infusion reactions occurred in 12 (24%) patients (grade 3–5, 12%; all
were grade 3 except in the 1 patient with grade 5 myocarditis
mentioned above); the only grade 3 immune-mediated AE that
occurred in more than 1 patient was severe skin reaction (n ¼ 2;
Supplementary Table S2). Five (10%) patients received systemic
corticosteroid treatment for immune-mediated AEs. No viral flares
of hepatitis B virus or hepatitis C virus were observed.

Discussion
Our results show that pembrolizumab monotherapy provided

durable antitumor activity and promising OS in patients with
advanced HCC who had not received prior systemic therapy. We
observed a confirmed ORR of 16% per RECIST 1.1 by central imaging
review, and this benefit was generally consistent across clinical sub-
groups. The responses were durable, with median DOR of 16 months.
73% of the objective responses lasted for at least 12 months based on
Kaplan–Meier estimates.Median PFSwas 4months, with an estimated
PFS rate at 12 months of 28%. On the basis of the prespecified
exploratory analysis, mRECIST assessment was consistent with
RECIST assessment for evaluating response to pembrolizumabmono-
therapy in this patient population.

Table 1. Baseline demographics and disease characteristics.

Patients
Characteristic, n (%) N ¼ 51

Median age (range), years 68 (41–91)
Sex

Male 44 (86)
Female 7 (14)

Race
Asian 2 (4)
Black 1 (2)
White 48 (94)

Region
EU 37 (73)
US 13 (26)
Others 1 (2)

ECOG PS
0 27 (53)
1 24 (47)

Child-Pugh Class
A 51 (100)

BCLC stage
B 11 (22)
C 40 (78)

Etiology
Viral etiology 20 (39)
Nonviral etiology 29 (57)
Missing 2 (4)

Alcohol use (all)a 41 (80)
Extrahepatic disease 17 (33)
Macrovascular invasion 9 (18)
Alpha-fetoprotein concentrationb

>200 ng/mL 19 (37)
≤200 ng/mL 32 (63)

Prior radiation 2 (4)
Prior surgery 8 (16)
Locoregional therapyc 17 (33)

aReported patients who ever used alcohol.
bThirteen (26%) patients had alpha-fetoprotein concentration >400 ng/mL.
cMajority of which included embolization, ablation, and radiation to the liver.

Table 2. Responses to pembrolizumab treatment byRECIST 1.1 by
central imaging review.

Patients
N ¼ 51

ORR, % (95% CI) 16 (7–29)
DCR, % (95% CI) 57 (42–71)
Best overall response, n (%)

Complete response 0
Partial response 8 (16)
Stable disease 21 (41)
Progressive disease 17 (33)
Nonevaluablea 2 (4)
No assessmentb 3 (6)

Time to response, median (range), months 6 (2–13)
DOR, median (range), months 16 (3–24þ)

aOnepatient had a post-baseline imaging assessment at Cycle 1 butwas counted
as nonevaluable due to insufficient time from randomization.
bNo post-baseline assessment available for response evaluation.
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Figure 1.

Subgroup analyses of objective
response. �All prespecified except
the analyses by alcohol use.
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Characteristics of tumor response to pembrolizumab. A, Best percentage change from baseline in target lesion in patients without viral etiology (green) and those
with viral etiology (blue). Stars indicate patients with a confirmed response by central imaging review. B, Duration of study treatment and response in responders.
Each horizontal line represents 1 patient. The end of the bar represents the dates of the last radiology imaging assessment.
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Grade ≥3 treatment-related AEs occurred in 16%of patients and 6%
of patients discontinued treatment due to treatment-related AEs.
Overall, the safety profile with pembrolizumab in this cohort was
manageable and generally consistent with that previously observed for
pembrolizumab monotherapy in advanced HCC in the second-line
setting (cohort 1 of our study; ref. 11).

Approved first-line systemic therapies for advanced HCC include
sorafenib (5, 6), lenvatinib (7), and the combination of atezolizu-
mab plus bevacizumab (8, 18). The role of single-agent checkpoint

inhibitors in the first-line setting remains to be defined. In Check-
Mate 459, nivolumab monotherapy demonstrated an ORR of 15%
and a median OS of 16.4 months, although the primary endpoint of
OS versus sorafenib was not met (HR, 0.85; P ¼ 0.075; ref. 19).
In our study, the observed efficacy with pembrolizumab was in
line with prior findings for immune checkpoint inhibitors in this
setting. Our data suggest promising antitumor activity of pembro-
lizumab and support the investigation of pembrolizumab-based
regimens in the HCC therapeutic landscape. Taking into consid-
eration the safety/tolerability profile as well as antitumor activity,
pembrolizumab monotherapy could be an alternative option for
patients with contraindications to combination therapies or anti-
angiogenic therapies.

Other studies have also suggested that immune checkpoint inhibi-
tors alone or in combination with other therapies may provide a
clinical benefit for patients with HCC. Among clinical trials investi-
gating immunotherapy as second-line therapy for HCC, KEYNOTE-
394, a phase III trial of pembrolizumab in Asian patients with HCC,
also recently read out positive for OS, PFS, and ORR compared with
placebo in patients with previously treated HCC (14). Although final
analysis is not currently available, the phase III COSMIC 312 study
reported a statistically significant improvement in PFS with first-line
atezolizumab plus cabozantinib versus sorafenib in patients with
advanced HCC (20). The phase III HIMALAYA trial reported a
statistically significant OS improvement with the combination of a
single priming dose of tremelimumab (anti–CTLA-4) and durvalumab
(anti–PD-L1) followed by durvalumab monotherapy, and noninferior
OSwith durvalumabmonotherapy only, both versus sorafenib as first-
line therapy for HCC (21). The ongoing phase III LEAP-002 trial is
investigating the combination of pembrolizumab and lenvatinib as
first-line therapy for advanced HCC (22).

Limitations of KEYNOTE-224 include the single-arm design, the
modest sample size, and relatively small numbers of patients with a
viral etiology for HCC. Subgroup analyses were also performed in
small patient numbers, although confirmed responses were observed
across various patient baseline characteristics, such as disease etiology.
Recent data suggest that nonalcoholic steatohepatitis as an etiology
leading toHCCmay be important to collect (23, 24). Our study did not
collect this etiology, but future studies should consider doing so.
Furthermore, in this study, the value of subgroup analyses is limited,
although both viral and nonviral etiology patients benefited from
pembrolizumab.
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Figure 3.

Kaplan–Meier curves for PFS (A) and OS (B).

Table 3. AEsa in all treated patients.

Patients
N ¼ 51

n (%) Any grade Grade 3–5

Treatment-emergent AEs 49 (96) 32 (63)
Treatment-related AEs 28 (55) 8 (16)b

Serious AEs 21 (41) 21 (41)

Patients
N ¼ 51

Common AEs (incidence ≥10%
of patients, any grade) Any grade Grade 3c

Fatigue 21 (41) 0
Edema peripheral 14 (28) 1 (2)
Diarrhea 13 (26) 1 (2)
Abdominal pain 9 (18) 2 (4)
Cough 8 (16) 1 (2)
Decreased appetite 8 (16) 0
Asthenia 7 (14) 2 (4)
Ascites 6 (12) 5 (10)
Dyspnea 6 (12) 2 (4)
Hypothyroidism 6 (12) 0
Pruritus 6 (12) 1 (2)
Pyrexia 6 (12) 0
Rash 6 (12) 1 (2)

aGraded on the basis of the NCI Common Terminology Criteria for Adverse
Events version 4.0.
bAll were grade 3 except in 1 patient, who had treatment-related grade 4
increased blood bilirubin, grade 4 encephalopathy, and grade 5 myocarditis.
cNo grade 4 or 5 event was reported among common treatment-emergent AEs.
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Other ongoing phase III trials investigating pembrolizumab-based
regimens in HCC that may inform treatment selection in various
settings include KEYNOTE-937 of pembrolizumab as adjuvant ther-
apy (NCT03867084), and LEAP-012 of the combination of pembro-
lizumab and lenvatinib, in combination with transarterial chemoem-
bolization for intermediate-stage HCC (NCT04246177). To identify
patients who are responsive or resistant to immunotherapy and those
whomay not tolerate it, additional analyses aiming to define predictive
biomarkers (e.g., germline DNA variations, tumor-specific DNA
changes, PD-L1 expression) are ongoing in our HCC studies.

Overall, we demonstrate that pembrolizumab monotherapy pro-
vides durable antitumor activity and favorable OS in patients with
advanced HCC who had not received prior systemic therapy, with a
safety profile similar to that previously observed for pembrolizumab
in advanced HCC in the second-line setting. Our findings support
further evaluation of pembrolizumab-based regimens in the treat-
ment of HCC.
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