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Introduction
Liver cancer is a leading cause of cancer-related 
mortality.1 Hepatocellular carcinoma (HCC) is 
the most common type of primary liver cancer, 
accounting for 75–85% of all cases.1 Although 
surveillance and detection of HCC have improved 
over time, >50% of patients are diagnosed with 
advanced-stage disease [Barcelona Clinic Liver 

Cancer (BCLC) stage C or D] in most regions of 
the world (except for Taiwan and Japan).2

Systemic treatment options in the first-line setting 
for patients with advanced-stage HCC include 
sorafenib,3 lenvatinib,4 and most recently bevaciz
umab plus atezolizumab.5 For patients whose dis-
ease progresses on or who are unable to tolerate 
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Abstract
Aims: This post hoc analysis evaluated albumin/bilirubin (ALBI) score, an objective measure of 
liver function, in patients receiving pembrolizumab plus best supportive care (BSC) compared 
with placebo plus BSC in the KEYNOTE-240 study.
Methods: Patients with confirmed hepatocellular carcinoma (HCC) and progression after/
intolerance to sorafenib, Child–Pugh class A liver function, and Eastern Cooperative Oncology 
Group performance status of 0–1 were randomly assigned 2:1 to pembrolizumab 200 mg or 
placebo intravenously every 3 weeks plus BSC for ⩽35 cycles or until confirmed progression/
unacceptable toxicity. Outcomes were assessed by ALBI grade.
Results: Of 413 patients, at baseline 116 had an ALBI grade 1 score (pembrolizumab, n = 74; 
placebo, n = 42) and 279 had an ALBI grade 2 score (n = 193; n = 86). Change from baseline 
in ALBI score to the end of treatment was similar in both arms [difference in least squares 
mean, −0.039; 95% confidence interval (CI): −0.169 to 0.091]. Time to ALBI grade increase 
was similar in both arms [median for pembrolizumab versus placebo: 7.8 versus 6.9 months; 
hazard ratio (HR) = 0.863 (95% CI: 0.625–1.192)]. Regardless of baseline ALBI grade, a trend 
toward improved overall survival was observed with pembrolizumab [grade 1: HR = 0.725  
(95% CI: 0.454–1.158); grade 2: HR = 0.827 (95% CI: 0.612–1.119)].
Conclusion: Pembrolizumab did not adversely impact liver function compared with placebo in 
patients with HCC, as measured by changes in ALBI scores. A trend toward improved overall 
survival was observed with pembrolizumab in both ALBI grade groups.
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first-line treatment, second-line treatment options 
approved by US Food and Drug Administration 
include regorafenib,6 cabozantinib,7 ramucirumab 
(in patients with an alpha-fetoprotein level of 
⩾400 ng/mL),8 nivolumab plus ipilimumab,9 and 
pembrolizumab.10,11

Pembrolizumab, a programmed death receptor 1 
(PD-1)–blocking antibody, demonstrated antitu-
mor activity and a favorable safety profile in patients 
with advanced HCC who were previously treated 
with sorafenib in the KEYNOTE-224 study 
[ClinicalTrials.gov identifier NCT02702414].10 
Based on the results of KEYNOTE-224, pem-
brolizumab received accelerated approval for the 
treatment of patients with HCC who have previ-
ously received sorafenib.12 In a subsequent study 
that examined pembrolizumab plus best support-
ive care (BSC) compared with placebo plus BSC 
in patients with advanced HCC who were previ-
ously treated with sorafenib—KEYNOTE-240 
[ClinicalTrials.gov identifier NCT02702401]—
similar clinically significant but not statistically sig-
nificant findings were observed.11 Although the 
findings of KEYNOTE-240 did not meet pre-
specified statistical criteria, the study demon-
strated a favorable benefit-to-risk profile for 
pembrolizumab.

The prognosis of HCC is affected by underlying 
liver function.13 Markers of liver function include 
Child–Pugh score and albumin/bilirubin (ALBI) 
grade.14 Baseline ALBI grade has been identified as 
a prognostic indicator in HCC for patients receiv-
ing sorafenib15,16 and lenvatinib17 in the first-line 
treatment setting and cabozantinib18 and ramu-
cirumab19 in the second-line treatment setting. The 
impact of baseline ALBI grade on outcomes in 
patients with HCC receiving pembrolizumab has 
not been established. Here, we present the results 
of a post hoc analysis from the KEYNOTE-240 
study that examined outcomes by ALBI grade and 
liver function deterioration by increase in ALBI 
grade in patients with advanced HCC receiving 
pembrolizumab plus BSC compared with placebo 
plus BSC in the second-line treatment setting.

Materials and methods

Study design and patients
This was a retrospective analysis of the 
KEYNOTE-240 study, a double-blind, placebo-
controlled, randomized, phase III study.11 Details 

of the study design, inclusion/exclusion criteria, 
primary and secondary outcome measures, and 
primary results have been published.11 In brief, 
adults with radiographically or pathologically 
confirmed HCC, radiographic progression after/
intolerance to sorafenib, Child–Pugh A disease, 
BCLC stage C disease or stage B disease not 
amenable to/refractory to locoregional therapy, 
and Eastern Cooperative Oncology Group per-
formance status of 0–1 were eligible for participa-
tion in the study. Prior therapy with an anti–PD-1, 
anti–programmed death ligand 1, or anti–pro-
grammed death ligand 2 agent or prior systemic 
therapy for advanced HCC other than sorafenib 
was an exclusion criterion. Patients were ran-
domly assigned 2:1 to receive pembrolizumab 
200 mg or saline placebo intravenously once every 
3 weeks plus BSC for ⩽35 cycles or until con-
firmed progression/unacceptable toxicity, patient 
withdrawal of consent, or investigator decision.

The study protocol and all amendments were 
approved by the relevant ethics committee or insti-
tutional review board at each participating center, 
and the study was conducted in accordance with 
standards of Good Clinical Practice and the 
Declaration of Helsinki. The study protocol and 
the name of each ethics committee/institutional 
review board at each participating center including 
approval numbers are shown in the Supplemental 
material Table 1 online. All participants provided 
written informed consent. All authors had access 
to the study data and reviewed and approved the 
final manuscript for publication.

Assessments and endpoints
Response was assessed by blinded independent 
central review (BICR) according to Response 
Evaluation Criteria in Solid Tumors version 1.1 
(RECIST v1.1). Endpoints included in this post 
hoc analysis were change from baseline in ALBI 
score, time to ALBI grade increase, overall sur-
vival (OS), progression-free survival (PFS) based 
on BICR as per RECIST v1.1, and objective 
response rate (ORR) based on BICR as per 
RECIST v1.1.

Statistical analysis
In this post hoc analysis, efficacy was assessed for 
the intention-to-treat population (all ran
domized patients). Time to ALBI grade increase 
was assessed in the as-treated population  
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Table 1.  Patient demographics according to baseline ALBI grade.

  ALBI grade 1 ALBI grade 2

Characteristic Pembrolizumab + BSC (n = 74) Placebo + BSC (n = 42) Pembrolizumab + BSC (n = 193) Placebo + BSC (n = 86)

Age, median (range), years 66.0 (21–82) 64.5 (23–81) 67.0 (18–91) 65.5 (26–89)

Sex

  Male 54 (73.0) 34 (81.0) 163 (84.5) 72 (83.7)

  Female 20 (27.0) 8 (19.0) 30 (15.5) 14 (16.3)

Region

  Asia (excluding Japan) 24 (32.4) 13 (31.0) 43 (22.3) 18 (20.9)

  Europe 27 (36.5) 12 (28.6) 65 (33.7) 28 (32.6)

  Japan 5 (6.8) 5 (11.9) 34 (17.6) 14 (16.3)

  USA 1 (1.4) 2 (4.8) 19 (9.8) 12 (14.0)

  Rest of worlda 17 (23.0) 10 (23.8) 32 (16.6) 14 (16.3)

ECOG PS

  0 43 (58.1) 29 (69.0) 115 (59.6) 37 (43.0)

  1 31 (41.9) 13 (31.0) 78 (40.4) 49 (57.0)

Child–Pugh class

  A 74 (100.0) 42 (100.0) 192 (99.5) 85 (98.8)

    A5 71 (95.9) 42 (100.0) 104 (53.9) 43 (50.0)

    A6 3 (4.1) 0 88 (45.6) 42 (48.8)

  B 0 0 1 (0.5) 1 (1.2)

Overall BCLC stage

  B 11 (14.9) 5 (11.9) 44 (22.8) 23 (26.7)

  C 63 (85.1) 37 (88.1) 149 (77.2) 63 (73.3)

HBV infectionb 26 (35.1) 11 (26.2) 46 (23.8) 18 (20.9)

HCV infectionc 8 (10.8) 1 (2.4) 34 (17.6) 20 (23.3)

Discontinuation of previous sorafenib

  Intolerance 8 (10.8) 5 (11.9) 26 (13.5) 11 (12.8)

  PD 66 (89.2) 37 (88.1) 167 (86.5) 75 (87.2)

Extrahepatic disease 59 (79.7) 34 (81.0) 127 (65.8) 54 (62.8)

Macrovascular invasion 4 (5.4) 3 (7.1) 28 (14.5) 12 (14.0)

AFP ⩾200 ng/mL 33 (44.6) 17 (40.5) 90 (46.6) 37 (43.0)

aIncludes Argentina, Australia, Canada, Chile, Colombia, Israel, Mexico, Norway, Russian Federation, and Turkey.
bHBV infection defined as hepatitis B surface antigen positive and/or detectable HBV DNA.
cHCV infection defined as anti-hepatitis C antibody positive and detectable HCV RNA.
AFP, alpha-fetoprotein; ALBI, albumin/bilirubin; BCLC, Barcelona Clinic Liver Cancer scale; BSC, best supportive care; ECOG PS, Eastern 
Cooperative Oncology Group performance status; HBV, hepatitis B virus; HCV, hepatitis C virus; PD, progressive disease.
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(all randomized patients who received ⩾1 dose 
of study treatment).

The baseline ALBI score was determined when 
both albumin and bilirubin results were available 
prior to treatment start, and the on-treatment ALBI 
score was determined when either albumin or bili-
rubin results were available at the specified day (if 
one of the parameters was missing, it was carried 
forward from the nearest prior on-treatment mea
surement), by log10 (bilirubin × 0.66) + (albu-
min × −0.085), where bilirubin is in μmol/L and 
albumin is in g/L. ALBI score ⩽–2.60 was equiva-
lent to ALBI grade 1; ALBI score >−2.60 to 
⩽−1.39 was equivalent to ALBI grade 2; and ALBI 
score >−1.39 was equivalent to ALBI grade 3.14 
The association of change from baseline in ALBI 
score with treatment was assessed using analysis of 
covariance (ANCOVA), which evaluates whether 
the means of change from baseline in ALBI score 
are equal between two treatment arms while statis-
tically controlling for the effect of the baseline ALBI 
score. The least squares mean that is adjusted for 
the baseline effect is obtained from the ANCOVA 
model for each treatment arm. Difference in least 
squares means between two treatment arms and 
95% confidence intervals (CIs) is presented.

Time to ALBI grade increase was defined as the 
time from baseline ALBI measurement to the first 
postbaseline ALBI measurement that is ⩾1 grade 
higher than baseline ALBI grade. An exploratory 
analysis was conducted to evaluate time to ALBI 
grade increase in responders and non-responders 

receiving pembrolizumab. Responders were 
defined as patients with a best objective response 
of confirmed complete response or partial response 
based on BICR assessment per RECIST v1.1; 
patients who had stable disease, progressive dis-
ease, no assessment, or were not evaluable were 
defined as non-responders. In this analysis, ALBI 
grade was calculated when either albumin and bili-
rubin results were available at the given day. The 
missing value of the test was carried forward from 
the previous non-missing result. Hazard ratio 
(HR) from an unstratified Cox regression model 
with Efron’s method of tie handling with responder/
non-responder status as a covariate is reported. OS 
and PFS curves were estimated using the Kaplan–
Meier method for censored data. HRs from a strat-
ified Cox regression model with Efron’s method of 
tie handling with treatment as a covariate are 
reported. Treatment difference in ORR was deter-
mined based on the stratified Miettinen and 
Nurminen method. In all stratified analyses, strati-
fication was performed by factors used for ran
domization with small strata collapsed as 
prespecified in the statistical analysis plan. The 
data cutoff for this analysis was 2 January 2019.

Results

Patients
In KEYNOTE-240, a total of 413 patients were 
randomly assigned to pembrolizumab plus BSC 
(n = 278) or placebo plus BSC (n = 135) 
(Supplemental Figure 1).11 Of the 413 patients 

w
g

i

n

Figure 1.  Kaplan–Meier estimates of time to ALBI grade increase.a,b

aTime to ALBI grade increase was defined as the time from baseline ALBI measurement to the first postbaseline ALBI 
measurement that is ⩾1 grade higher than baseline ALBI grade.
bData are reported for the as-treated population (n = 411).
ALBI, albumin/bilirubin; BSC, best supportive care; CI, confidence interval; HR, hazard ratio; mo, months.
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included in the intention-to-treat population, 407 
patients had baseline ALBI grade available. Of the 
407 patients, 116 had baseline ALBI grade 1 
(pembrolizumab plus BSC, n = 74; placebo plus 
BSC, n = 42), 279 had baseline ALBI grade 2 
(pembrolizumab plus BSC, n = 193; placebo plus 
BSC, n = 86), and 12 had baseline ALBI grade 3 
(pembrolizumab plus BSC, n = 7; placebo plus 
BSC, n = 5). Data for patients with ALBI grade 3 
were not analyzed because of the small sample size. 
A total of three of the 407 patients were excluded 
from the change from baseline analysis because 
postbaseline ALBI scores were not available.

Baseline demographics and disease characteristics 
were generally similar in patients with ALBI grade 
1 and 2, except that a greater proportion of patients 
from Asia (excluding Japan) had ALBI grade 1 
than ALBI grade 2 at baseline. Additionally, 
greater proportions of patients with ALBI grade 1 
had BCLC stage C and extrahepatic disease, 
whereas greater proportions of patients with ALBI 
grade 2 had BCLC stage B and macrovascular 
invasion (Table 1). Among patients with ALBI 
grade 1, median duration of follow-up (where 
duration of follow-up is defined as time from ran
domization to database cut-off) was 21.3 months 
(range, 13.4–30.4) for pembrolizumab plus BSC 
and 22.9 months (13.3–29.0) for placebo plus 
BSC. Among patients with ALBI grade 2, median 
duration of follow-up was 21.3 months (range, 
13.4–29.5) for pembrolizumab plus BSC and 
21.2 months (13.6–29.5) for placebo plus BSC.

Change from baseline in ALBI score
Overall, change from baseline in ALBI score to 
the last available ALBI score measurement was 
similar between the pembrolizumab plus BSC 
and placebo plus BSC arms (difference in least 
squares mean, −0.039; 95% CI: −0.169 to 
0.091). Similarly, change in baseline ALBI score 
in both arms was comparable when analyzed by 
ALBI grade (between-group difference in least 
squares mean, −0.023; 95% CI: −0.266 to 0.220 
for ALBI grade 1 and −0.035; 95% CI: −0.196 to 
0.126 for ALBI grade 2).

Time to ALBI grade increase
Overall, median time to ALBI grade increase (i.e. 
time to deterioration of liver function) was not dif-
ferent between the pembrolizumab plus BSC and 

placebo plus BSC arms (7.8 versus 6.9 months; 
HR = 0.863; 95% CI: 0.625–1.192 based on  
the as-treated population of 411 patients) 
(Supplemental Table 2; Figure 1). Similar results 
were observed when comparing the pembro
lizumab plus BSC and placebo plus BSC arms 
for patients with ALBI grade 1 (3.4 versus 
2.6 months; HR = 0.861; 95% CI: 0.534–1.388) 
and grade 2 (18.0 versus 12.7 months; 
HR = 0.928; 95% CI: 0.589–1.460), with the 
median time numerically longer in the pembro
lizumab plus BSC arm for patients in each ALBI 
grade 1 and grade 2 subgroup, which suggests 
that pembrolizumab plus BSC does not worsen 
liver function compared with placebo plus BSC. 
Median time to ALBI grade increase was not 
reached in responders and was 6.8 months in 
non-responders receiving pembrolizumab plus 
BSC (HR = 0.411; 95% CI: 0.241–0.698), indi-
cating that liver function was better preserved in 
responders to pembrolizumab plus BSC com-
pared with non-responders.

OS and PFS by ALBI grade
There was a trend toward improved OS with 
pembrolizumab plus BSC versus placebo regard-
less of baseline ALBI grade. In patients with 
ALBI grade 1, the median OS was 17.9 months 
(95% CI: 12.8–20.4) with pembrolizumab plus 
BSC compared with 10.5 months (95% CI:  
8.1–17.3) with placebo plus BSC (HR = 0.725; 
95% CI: 0.454–1.158) [Figure 2(a)]. In patients 
with ALBI grade 2, the median OS was 
12.8 months (95% CI: 9.9–15.7) with pembro
lizumab plus BSC versus 11.1 months (95% CI: 
7.9–13.6) with placebo plus BSC (HR = 0.827; 
95% CI: 0.612–1.119) [Figure 2(b)].

Similar to the results observed for OS, pem-
brolizumab plus BSC also showed a trend 
toward improved PFS compared with placebo 
plus BSC regardless of ALBI grade. In patients 
with ALBI grade 1, the median PFS was 
2.8 months (95% CI: 2.6–5.5) with pembro
lizumab plus BSC versus 2.7 months (95% CI: 
1.6–3.0) with placebo plus BSC (HR = 0.621; 
95% CI: 0.406–0.948) [Figure 3(a)]. In patients 
with ALBI grade 2, the median PFS was 
3.2 months (95% CI: 2.8–4.1) with pembro
lizumab plus BSC versus 2.8 months (95% CI: 
1.5–4.0) with placebo plus BSC (HR = 0.778; 
95% CI: 0.583–1.039) [Figure 3(b)].
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Response by ALBI grade
Although the difference in ORR assessed as per 
RECIST v1.1 between pembrolizumab plus BSC 
and placebo plus BSC was numerically greater for 
patients with ALBI grade 1 compared with ALBI 
grade 2 (21.7% versus 9.7%), a clinically mean-
ingful ORR was observed in both subgroups. In 
patients with ALBI grade 1, the ORR was 24.3% 
(95% CI: 15.1–35.7) with pembrolizumab plus 
BSC compared with 2.4% (95% CI: 0.1–12.6) 
with placebo plus BSC (estimated difference 
21.7%; 95% CI: 9.1–33.2). In patients with ALBI 
grade 2, the ORR was 15.5% (95% CI: 10.7–21.4) 
with pembrolizumab plus BSC versus 5.8% (95% 
CI: 1.9–13.0) with placebo plus BSC (estimated 
difference 9.7%; 95% CI: 1.5–16.4). Reductions 
from baseline in tumor target lesion size in 
patients with ALBI grade 1 and ALBI grade 2 

who received pembrolizumab plus BSC are 
shown in Figure 4.

Following disease progression, subsequent anti-
cancer therapies were used by similar proportions 
of patients with ALBI grade 1 [pembrolizumab 
plus BSC, 47.3% (n = 35); placebo plus BSC, 
52.4% (n = 22)] and grade 2 [pembrolizumab 
plus BSC, 41.5% (n = 80); placebo plus BSC, 
43.0% (n = 37)]. Therefore, differences in hepatic 
reserve at baseline as measured by ALBI grade 
did not influence poststudy anticancer therapy 
use in either treatment group.

Discussion
In this post hoc analysis of the KEYNOTE-240 
study, change in ALBI grade from baseline was 

(a)

(b)

s
s

n

n

Figure 2.  Kaplan–Meier estimates of overall survival by (a) ALBI grade 1 and (b) ALBI grade 2.a

aBased on BICR as per RECIST v1.1.
ALBI, albumin/bilirubin; BICR, blinded independent central review; BSC, best supportive care; CI, confidence interval;  
HR, hazard ratio; mo, months; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1.

https://journals.sagepub.com/home/tam


A Vogel, P Merle et al.

journals.sagepub.com/home/tam	 7

not adversely affected by pembrolizumab plus 
BSC. Time to ALBI grade increase was similar in 
both the pembrolizumab plus BSC and placebo 
plus BSC arms, regardless of baseline ALBI 
grade. The median time to ALBI grade increase 
was numerically longer in the pembrolizumab 
plus BSC arm for patients in each ALBI grade 1 
and grade 2 subgroup, suggesting that pembro
lizumab plus BSC does not worsen liver function 
compared with placebo plus BSC. Furthermore, 
median time to ALBI grade increase among 
patients who achieved a best overall response of 
complete or partial response with pembrolizumab 
plus BSC was not reached compared with 
6.8 months in patients who had stable disease, 
progressive disease, no assessment, or were not 

evaluable, indicating that liver function was better 
preserved in those who responded to pembro
lizumab plus BSC compared with all other 
patients. The trend toward improvement in OS 
and PFS observed with pembrolizumab plus BSC 
compared with placebo plus BSC was maintained 
in each ALBI grade 1 and 2 subgroup. In addi-
tion, clinically meaningful improvement in ORR 
was observed with pembrolizumab plus BSC 
compared with placebo plus BSC in each ALBI 
grade 1 and 2 subgroup.

Previous studies examining baseline ALBI grade 
on outcomes in patients with advanced HCC 
report findings generally consistent with those 
observed in the current study. In the first-line 

(a)

(b)

f
s

f
s

n

n

Figure 3.  Kaplan–Meier estimates of progression-free survival by (a) ALBI grade 1 and (b) ALBI grade 2.a

aBased on BICR as per RECIST v1.1.
ALBI, albumin/bilirubin; BICR, blinded independent central review; BSC, best supportive care; CI, confidence interval;  
HR, hazard ratio; mo, months; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1.
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treatment setting, a post hoc analysis of the phase 
III REFLECT study showed that patients receiv-
ing lenvatinib had superior response rates and 
improved PFS and OS outcomes compared with 
sorafenib regardless of ALBI grade.17 In the sec-
ond-line treatment setting, an analysis of the 
phase III CELESTIAL study, which examined 
cabozantinib versus placebo in sorafenib-treated 
patients who received ⩽2 lines of therapy, super
ior survival outcomes (PFS and OS) were 
observed with cabozantinib versus placebo regard-
less of baseline ALBI grade.18 In the current 
study, there was a trend toward improved OS and 
PFS with pembrolizumab plus BSC versus pla-
cebo regardless of baseline ALBI grade. Median 
OS was numerically longer in patients receiving 
pembrolizumab plus BSC who had lower baseline 
ALBI grade. In the placebo group, while the early 

on-treatment OS was better among the patients 
with ALBI grade 1, median OS was not appreci-
ably different in patients who had ALBI grade 1 
and those who had ALBI grade 2. This observa-
tion likely is due to large variability of the estimate 
of the median in the small subgroups of patients 
receiving placebo plus BSC who had baseline 
ALBI grade 1 and 2.

Limitations
Limitations of this analysis include its post hoc 
exploratory design and the fact that outcomes for 
patients with baseline ALBI grade 3 could not be 
analyzed due to the small sample size. 
Furthermore, at the time KEYNOTE-240 was 
initiated, limited safety data were available for 
pembrolizumab in HCC. As such, a cautious 

(a)

(b)

f
b

f
b

Figure 4.  Best percentage changes from baseline in size of target lesions by (a) ALBI grade 1 and (b) ALBI 
grade 2.a

aBased on BICR per RECIST v1.1.
ALBI, albumin/bilirubin; BICR, blinded independent central review; RECIST v1.1, Response Evaluation Criteria in Solid 
Tumors version 1.1.
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approach was taken and the efficacy and safety of 
pembrolizumab was first evaluated in patients 
with well-preserved liver function before examin-
ing the effects in patients with compromised liver 
function. Therefore, the results reported herein 
may not be generalizable to patients with more 
advanced liver disease; however, increased use of 
pembrolizumab will allow the collection of addi-
tional information on this patient population. 
Moreover, in patients with advanced HCC, it is 
often difficult to determine what is causing deter
ioration in liver function because the tumor may 
be responsible for the decline or there may be 
deterioration in baseline liver function.

Conclusions
Pembrolizumab did not adversely impact liver 
function compared with placebo in patients with 
HCC, as measured by changes in ALBI scores. 
Furthermore, a trend toward improvement in OS 
with pembrolizumab plus BSC was observed in 
patients in each ALBI grade 1 and 2 subgroup.
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