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ABSTRACT
◥

Purpose: Ramucirumab is an effective treatment for patients
with advanced hepatocellular carcinoma (aHCC) and baseline
alpha-fetoprotein (AFP) ≥400 ng/mL. We aimed to identify prog-
nostic and predictive factors of response to ramucirumab in patients
with aHCC with AFP ≥400 ng/mL from the phase III REACH and
REACH-2 randomized trials.

Patients and Methods: Patients with aHCC, Child-Pugh class A
with prior sorafenib treatment were randomized in REACH and
REACH-2 (ramucirumab 8 mg/kg or placebo, biweekly). Meta-
analysis of individual patient-level data (pooled population) from
REACH (AFP ≥400 ng/mL) and REACH-2 was performed. A drug
exposure analysis was conducted for those with evaluable pharma-
cokinetic data. To identify potential prognostic factors for overall
survival (OS), multivariate analyses were performed using a Cox
proportional hazards regression model. To define predictors of
ramucirumab benefit, subgroup-by-treatment interaction terms
were evaluated.

Results: Of 542 patients (316 ramucirumab, 226 placebo) ana-
lyzed, eight variables had independent prognostic value associated
with poor outcome (geographical region, EasternCooperativeOncol-
ogy Group performance score ≥1, AFP >1,000 ng/mL, Child-Pugh
>A5, extrahepatic spread, high neutrophil-to-lymphocyte ratio, high
alkaline phosphatase and aspartate aminotransferase). Ramucirumab
survival benefit was present across all subgroups, including patients
with very aggressive HCC [above median AFP; HR: 0.64; 95%
confidence interval (CI): 0.49–0.84] and nonviral aHCC (HR: 0.56;
95% CI: 0.40–0.79). While no baseline factor was predictive of a
differential OS benefit with ramucirumab, analyses demonstrated
an association between high drug exposure, treatment-emergent
hypertension (grade ≥3), and increased ramucirumab benefit.

Conclusions:Ramucirumab provided a survival benefit irrespec-
tive of baseline prognostic covariates, and this benefit was greatest in
patients with high ramucirumab drug exposure and/or those with
treatment-related hypertension.

Introduction
Hepatocellular carcinoma (HCC) is the third most common cause

of cancer-related death worldwide (1), and accounts for approximately

90% of primary liver cancers (2, 3). Liver cancer is one of themost fatal
cancers, with 5-year survival rates generally less than 20%, even in
developed countries (4).

Baseline prognostic factors and risk categories in HCC include
Barcelona clinic liver cancer (BCLC) stage, Child-Pugh score,
elevated neutrophil-to-lymphocyte ratio (NLR), and expression of
angiogenic markers (5–10). Serum alpha-fetoprotein (AFP) is the
most well-known and studied biomarker in HCC. As sustained
inflammation and immunosuppression are common in HCC, NLR
is used as a marker of systematic inflammation (11, 12). AFP is a
strong negative prognostic factor for survival in HCC (7, 8, 13), and
is also a predictive biomarker for ramucirumab survival benefit (14).
AFP-expressing HCC is associated with distinct molecular features
including high VEGF signaling and increased angiogenesis (14). In
addition to baseline factors, on-treatment and/or posttreatment
factors such as treatment-related adverse events [e.g., hypertension
for bevacizumab (15); skin toxicity for sorafenib (16), and thera-
peutic drug exposure (17, 18)] are also known to be associated with
improved outcomes in several tumor types, including HCC.

Ramucirumab is a human IgG1 VEGFR2 antagonist and was
investigated in two global, randomized, double-blind, placebo-
controlled phase III trials [REACH (NCT01140347) and REACH-2
(NCT02435433)]. Despite no significant improvement in survival over
placebo in patients with advanced HCC (aHCC) during the REACH
trial, an overall survival (OS) benefit was observed in the prespecified
subgroup of patients with AFP ≥400 ng/mL (19). REACH-2 enrolled
only patients with AFP ≥400 ng/mL and demonstrated improved
survival when compared with placebo in patients with previously
treated aHCC (20).

1Mount Sinai Liver Cancer Program, Division of Liver Diseases, Tisch Cancer
Institute, Icahn School of Medicine at Mount Sinai, New York, New York.
2Translational Research inHepaticOncology, Liver Unit, IDIBAPS, Hospital Clinic,
University of Barcelona, Catalonia, Spain. 3Instituci�o Catalana d’Estudis
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In this post hoc analysis, we examined prognostic and predictive
factors of clinical benefits to ramucirumab in biomarker-enriched
(AFP ≥400 ng/mL) population of patients with aHCC from REACH
and REACH-2.

Patients and Methods
Study design

REACH and REACH-2 were randomized, double-blind, phase III
studies in aHCC (NCT01140347 and NCT02435433). Detailed eligi-
bility criteria have been described previously (19, 20). Patients with
HCC, BCLC stage C or B disease not amenable to locoregional therapy
or refractory to locoregional therapy, Child-Pugh class A (score <7),
Eastern Cooperative Oncology Group performance score (ECOG PS)
0/1, and who had progressed or were intolerant to sorafenib were
eligible. REACH enrolled irrespective of AFP level, whereas REACH-2
enrolled patients with elevated AFP (≥400 ng/mL). Patients were
randomized (REACH 1:1; REACH-2 2:1) to ramucirumab (8 mg/kg)
or placebo every 2 weeks (19, 20). REACH and REACH-2 complied
with the Declaration of Helsinki, the International Conference on
Harmonization Guidelines for Good Clinical Practice, and appli-
cable local regulations. Ethics committees at all participating centers
approved the protocol, and all patients provided written informed
consent.

Prognostic and predictive factors data collection and
analysis

A meta-analysis of individual patient-level data from REACH
(subset of patients with AFP ≥400 ng/mL) and REACH-2 was carried
out (pooled population). The pooling of patient-level data provided a
substantially larger patient population, enabling amore precise assess-
ment of prognostic and predictive factors (20).

The following 24 variables at baseline were considered in the
statistical analysis to determine prognostic factors for OS and factors
associated with improved ramucirumab survival benefit: gender (male
vs. female), age (≥65 vs. <65 years), race (Asian vs. non-Asian),
geographical region [Region 1:Americas, Europe, Israel, andAustralia;
Region 2: Asia (except Japan); Region 3: Japan], etiology [viral vs.

nonviral; hepatitis B (HBV) vs. Other; hepatitis C (HCV) vs. Other],
presence of extrahepatic metastases, presence of macrovascular
invasion (MVI), BCLC stage (C vs. B), ECOG PS (≥1 vs. 0), prior
locoregional therapy (yes vs. no), reason for sorafenib discontinuation
(progressive disease vs. intolerance), baseline AFP (>1,000 vs.
400–1,000 ng/mL), albumin-bilirubin (ALBI) grade (≥2 vs. 1),
Child-Pugh score (≥A6 vs. A5), number of sites with extrahepatic
spread (0 vs. 1; ≥2 vs. 1), maximum baseline target lesion size (≤50 vs.
>50mm), bodymass index (≥25 vs. <25), platelets (<150 vs. ≥150 g/L),
time from last sorafenib to randomization (≥1 vs. <1month), duration
of prior sorafenib (≥5 vs. <5 months), baseline NLR (>median vs.
≤median), alkaline phosphatase (ALP; >median vs. ≤median), alanine
transaminase (U/L; >median vs. ≤median), and aspartate aminotrans-
ferase (AST; U/L) (>median vs. ≤median).

AFP has been themain serologic marker used for diagnosis of HCC,
where levels >400 ng/mL are typically considered diagnostic of HCC
and have been associated with aggressive disease (3, 21–23). On the
basis of these assumptions and data observed in the study, we decided
to consider three AFP cutoffs in the analyses: all patients hadAFP≥400
ng/mL as per inclusion criteria, AFP ≥1,000 was used to exclude liver
transplantation, while abovemedian AFP (4,081.5 ng/mL) was used to
define very aggressive tumors.

For the prognosis analysis, the exploratory post hoc analysis was
performed using stratified univariate (UV) andmultivariate (MV)Cox
proportional hazards regression model (stratified by study). Variables
with a P value lower than 0.1 from UV analysis, irrespective of
treatment arm, were included in the MV analysis. A significance level
of 0.05 was used to provide a threshold to determine the strength of
prognostic value in the MV analysis.

To determine predictors of ramucirumab benefit, subgroup-by-
treatment interactions was assessed for each variable using a
stratified Cox model (stratified by study). The 24 baseline prog-
nostic variables were analyzed as potential predictive factors of
response to ramucirumab. In addition, we also assessed treatment-
related adverse events and treatment-emergent (TE) adverse events.
Median OS based on Kaplan–Meier estimator and HR based on
stratified UV Cox model, were provided across subgroups. The
interaction P values were derived using Wald test of subgroup-by-
treatment interaction from stratified UV Cox model and a threshold
of 0.05 was used to determine the strength of the predictive value.
To address the potential guarantee-time bias, conditional landmark
analysis of OS according to TE hypertension (TE ascites) was
carried out at the selected landmark time until death or censoring
at the last date the patient was known to be alive (24). Patients who
died or discontinued study within the selected landmark time
postrandomization were excluded in the conditional landmark
analyses of OS.

Exposure-efficacy and safety analyses
To understandwhether treatment-related adverse events predicting

response to ramucirumab were associated with exposure, exposure-
efficacy and exposure-safety analyses were conducted in the pooled
population for all patients who had evaluable pharmacokinetic data.
Samples for pharmacokinetic analysis from patients in both trials were
collected prior to and 1 hour after dose infusions number 1, 4, and 7
and for cycles 1, 2, 4, 7, and 10 (REACH-2). A population pharma-
cokinetic model (25) was used to predict minimum concentration
after first dose administration (Cmin,1) and minimum concentration at
steady state (Cmin,ss) for post hoc exposure-efficacy and exposure-safety
analyses, respectively, in patients withHCCwith elevatedAFP.MVCox
regression analysis was adjusted for prespecified factors that were found

Translational Relevance

Alpha-fetoprotein (AFP) is a biomarker with proven prognostic
and predictive value in hepatocellular carcinoma (HCC).
REACH-2 is the first positive phase III study demonstrating
improved survival with ramucirumab in AFP high HCC. In this
post hoc analysis, we examined prognostic and predictive factors of
response to ramucirumab in patients with advanced HCC with
AFP ≥400 ng/mL from REACH and REACH-2. Ramucirumab
provided a survival benefit irrespective of baseline prognostic
covariates, including aggressive HCC, and nonviral etiologies.
While no baseline factors were found to be predictive of a differ-
ential overall survival benefit with ramucirumab in patients with
AFP ≥400 ng/mL, two treatment-emergent (TE) adverse events
were associated with a higher ramucirumab survival benefit: TE
hypertension and TE ascites. TE hypertension was associated with
higher drug exposure, and higher drug exposure was associated
with improved overall survival benefit. These results represent a
useful tool for clinical decision-making and will help inform the
prognosis of patients with advanced HCC and elevated AFP levels.

Llovet et al.

Clin Cancer Res; 28(11) June 1, 2022 CLINICAL CANCER RESEARCH2298



to be prognostic in REACH-2: ECOG PS (0 vs. 1), presence ofMVI, and
baseline AFP. In these analyses, Cmin,1 was evaluated as a continuous
variable andas a categorical variable using quartiles (Q1–Q4).Minimum
concentration after first dose administration (Cmin,1) was used to assess
the exposure–response relationship; this approach is supported by
review and analysis from the FDA on exposure–response analysis of
nivolumab (26).

Data transparency statement
Eli Lilly and Company provides access to all individual partic-

ipant data collected during the trial, after anonymization, with the
exception of pharmacokinetic or genetic data. Data are available to
request 6 months after the indication studied has been approved in
the United States and European Union and after primary publica-
tion acceptance, whichever is later. No expiration date of data
requests is currently set once data are made available. Access is
provided after a proposal has been approved by an independent
review committee identified for this purpose and after receipt of a
signed data sharing agreement. Data and documents, including the
study protocol, statistical analysis plan, clinical study report, and
blank or annotated case report forms, will be provided in a secure
data sharing environment. For details on submitting a request, see
the instructions provided at www.vivli.org.

Role of funder
The funder of the study designed the trial, in collaboration with all

authors and was responsible for data management and statistical
analysis. The funder interpreted data in collaboration with all authors
and supported development of the report by providingmedical writing
and editorial assistance. All authors had full access to all the data in the
study and all authors had final responsibility for the decision to submit
for publication.

Results
Prognostic factors of second-line aHCC

A total of 542 randomized patients (316 ramucirumab, 226 placebo)
with AFP ≥400 ng/mL from the two phase III studies were included in
the analysis (Supplementary Fig. S1). Patient demographics and
baseline characteristics are presented in Supplementary Table S1 and
were generally well-balanced across treatment arms, with the median
OS for patients treated with ramucirumab (n¼ 316) and placebo (n¼
226) being 8.1 months (246 deaths) and 5.0 months (190 deaths),
respectively (20).

UV analysis was carried out within each arm, and with combined
treatment arms to look at all factors separately as potential indepen-
dent prognostic factors in the whole cohort. Twelve baseline factors
were identified as potential independent prognostic factors irrespec-
tive of treatment arm: geographic region, presence of MVI, BCLC
stage, baseline ECOG PS, baseline AFP (≥1,000 ng/mL), ALBI grade,
Child-Pugh score, number of metastatic sites, elevated NLR, ALP,
AST, and prior sorafenib duration (Supplementary Table S2). Demo-
graphic factors such as gender, race, and age were not identified as
prognostic factors.

MV analysis was carried out to determine whether baseline factors
first identified in UV analysis would remain prognostic after adjusting
for treatment and additional prognostic factors. Most baseline factors
identified in UV analysis remained prognostic in the MV adjusted
analysis. Aside of treatment allocation, seven variables among demo-
graphic and baseline disease characteristics were associated with poor
OS in the ramucirumab and overall cohort (geographical region 2,

ECOG PS ≥1, AFP ≥1,000 ng/mL, Child-Pugh >A5, extrahepatic sites,
elevated NLR and AST), with ALP being an additional prognostic
factorwithin the overall cohort as shown inTable 1. ALBI grade, BCLC
score, MVI, and prior sorafenib duration did not meet the threshold of
statistical significance (Supplementary Tables S3 and S4). Similar
results were obtained in additional models that adjusted for potential
multicollinearity fromBCLC stage (Supplementary Table S3; excluded
BCLC stage but included individual components of ECOG PS, MVI,
extrahepatic spread, and tumor burden) and ALBI grade (Supple-
mentary Table S4; ALBI grade removed from model because albumin
and bilirubin were included in Child-Pugh score).

Predictors of response to ramucirumab
Baseline predictors

A survival benefit favoring ramucirumab was observed across
all subgroups, but no baseline variable was found to significantly
predict differential response to ramucirumab in terms of OS in the
MV analysis (all Pinteraction values >0.05). Once we established that
ramucirumab benefited all subgroups of patients, we focused on
analyzing two specific populations: patients with very high AFP, for
which we used above the median AFP in the cohort, and patients
with nonviral HCC, due to the recent reports suggesting a limited
benefit for immunotherapies in those patients as compared with
sorafenib (27).

We identified that ramucirumab benefited patients with established
thresholds of high AFP levels, that is, patients with AFP ≥1,000 (HR:
0.67, 95% CI: 0.54–0.83), a threshold commonly used to exclude liver
transplantation (Supplementary Fig. S2). As elevated AFP in patients
with HCC is associated with worse prognosis compared with the
general population (28, 29), we next took the median AFP levels as a
threshold. Considering that our target population in this study only
captures patients with AFP ≥400 ng/mL, this threshold captures the
more aggressive cases (40%) of patients included in second-line
trials (28, 30, 31), as well as patients above the median AFP level
(≥4,081.5 ng/mL) within the pooled population (HR: 0.71, 95% CI:
0.54–0.95; Fig. 1). Baseline characteristics for patients with very high
(≥4,081.5 ng/mL) and “low” (400–4,081.5 ng/mL) AFP are shown in
Supplementary Table S5 and were generally balanced between arms. A
numerically higher incidence of HBV (45.4% vs. 37.6%), ALBI grade
(grade ≥2: 59.0% vs. 52.8%), and Child-Pugh score (≥A6: 43.2% vs.
36.9%), with more sites of metastases (≥2 sites: 36.2% vs. 29.9%) were
noted in the AFP-high compared with -low subgroups.

Regarding ramucirumab effect according to etiology, an OS benefit
with ramucirumab was observed in both viral (ramucirumabN¼ 200;
placebo N ¼ 152) and nonviral (ramucirumab N ¼ 116; placebo N ¼
74) etiologies (viral HR: 0.76, 95% CI: 0.60–0.97; nonviral HR: 0.56,
95% CI: 0.49–0.79; Pinteraction ¼ 0.29) with a robust ramucirumab
survival advantage compared with placebo in patients with non-viral
aHCC (HR: 0.56; 95% CI: 0.49–0.79; Fig. 2).

On-treatment predictors of response.
While no baseline factors were found to be predictive of a differ-

ential OS benefit with ramucirumab in patients with AFP ≥400 ng/mL,
two adverse events were associated with a higher ramucirumab
survival benefit: treatment-related hypertension and TE ascites.
Hypertension is a well-known adverse drug reaction to antiangiogenic
inhibitors, and thus it is considered a treatment-related adverse
event (32). Hypertension developed in 68 patients (21.5%) in the
ramucirumab group and 20 patients (8.8%) in the placebo group
and was predominantly grade 1–2 in severity (Supplementary Fig. S3).
The median time to development of hypertension was 26 days
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[interquartile range (IQR): 15–64] in the ramucirumab arm versus
32 days (IQR: 8–55.5) in the placebo arm. The use of antihypertensive
agents was greater in patients developing hypertension within the
ramucirumab arm compared with placebo. Kaplan–Meier analysis
showed improved OS with ramucirumab irrespective of the presence
of treatment-related hypertension. However, in patients with treat-
ment-related hypertension, median OS was significantly better in the
ramucirumab group (N¼ 68) compared with placebo group (N¼ 20;
14.9 vs. 4.2 months; HR: 0.4, 95% CI: 0.22–0.69; Fig. 3A and B). In
patients without treatment-related hypertension, median OS in the
ramucirumab group (N¼ 248) versus placebo group (N¼ 206)was 6.7
versus 5.2 months (HR: 0.8, 95% CI: 0.67–1.02; Pinteraction ¼
0.0392; Fig. 3A and B). Similarly, ramucirumab also had a greater
benefit in progression-free survival (PFS) versus placebo in patients
with hypertension [4.2 vs. 1.6 months (HR: 0.47, 95% CI: 0.28‒0.81)],
than thosewithout hypertension [2.7 vs. 1.5months (HR: 0.63, 95%CI:
0.52‒0.77)], Pinteraction ¼ 0.2173 (Fig. 3C and D). Higher objective
responses rates were observed in patients treated with ramucirumab
versus placebo irrespective of hypertension status (with: 9% vs. 0%;
without: 4% vs. 1%). For patients treated with ramucirumab, an

improvement in OS was per the Kaplan–Meier method (14.9 months
compared with 6.7 months). However, the improved OS observed
could be biased because patients with TE hypertension were guaran-
teed to survive at least until the occurrence of TE hypertension while
patients without TEhypertension included all patients whodied before
developing TE hypertension. Conditional landmark analysis is an
established method used to address guarantee-time bias (24) in which
a fixed time during the course of treatment or follow-up is selected as
the landmark, and only the subset of patients still in the study at the
landmark time are included in the analysis. In this case, the landmark
time is based on the period when the majority of TE hypertension (TE
ascites) events occurred from randomization. As the majority of TE
hypertension events for patients treated with ramucirumab occurred
within the first 2 months from randomization, we selected 2-month as
the landmark time. The 2-month conditional landmark analysis
demonstrated that patients with TE hypertension had an improved
OS compared to those without (14.92 vs. 7.62 months; Fig. 4). The
results of the original and conditional landmark analyses were com-
parable, indicating guarantee-time bias has a minimal impact on the
hypertension-efficacy relationship.

Table 1. Multivariate analysis for identification of potential prognostic factors of OS.

RAM PL Overall

Baseline variable Subgroup HR (95% CI)
Wald’s
P value HR (95% CI)

Wald’s
P value HR (95% CI)

Wald’s
P value

Treatment RAM vs. PL — — — — 0.72 (0.58–0.90) 0.0029
Geographical regiona Region 1 vs. Region 3 0.84 (0.58–1.21)

0.0217
0.94 (0.58–1.53)

0.4279
0.85 (0.64–1.13)

0.0070
Region 2 vs. Region 3 1.38 (0.91–2.10) 1.28 (0.70–2.34) 1.31 (0.94–1.83)

Baseline ECOG PS ≥1 vs. 0 1.65 (1.20–2.27) 0.0020 1.21 (0.83–1.77) 0.3163 1.47 (1.16–1.86) 0.0014
Child-Pugh score ≥A6 vs. A5 1.56 (1.12–2.17) 0.0082 1.22 (0.80–1.85) 0.3558 1.34 (1.04–1.72) 0.0221
Number of metastatic sites involved 0 vs. 1 0.82 (0.56–1.19)

0.0164
0.72 (0.44–1.17)

0.0029
0.80 (0.60–1.06) <0.0001

≥2 vs. 1 1.45 (1.03–2.06) 1.71 (1.14–2.58) 1.54 (1.19–2.00)
Baseline AFP (ng/mL) >1,000 vs. ≤1,000 1.52 (1.05–2.21) 0.0272 1.56 (1.02–2.39) 0.0391 1.52 (1.16–2.00) 0.0026
Baseline NLR >median vs. ≤median 1.92 (1.43–2.59) <0.0001 1.47 (1.01–2.12) 0.0440 1.65 (1.33–2.04) <0.0001
ALP (U/L) >median vs. ≤median 1.29 (0.92–1.82) 0.1385 1.49 (0.99–2.23) 0.0537 1.43 (1.12–1.83) 0.0049
AST (U/L) >median vs. ≤median 1.56 (1.12–2.15) 0.0079 1.36 (0.94–1.98) 0.1073 1.43 (1.13–1.83) 0.0034

Abbreviations: AFP, alpha-fetoprotein; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CI, confidence interval; ECOGPS, EasternCooperativeOncology
Group performance score; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; PL, placebo; RAM, ramucirumab; tx, treatment.
aGeographical regions: Region 1: The Americas, Europe, Israel, and Australia versus Region 2: Asia (except Japan) versus Region 3: Japan.

Figure 1.

Kaplan–Meier plots ofOSbybaselineAFP for ramucirumab versus placebo. PatientswithAFP≥4,081.5 ng/mL (A) andAFP<4,081.5 ng/mL (B). Kaplan–Meier analysis
for OS shown by elevated AFP status (≥4,081.5 vs.<4,081.5 ng/mL) by treatment arm. �Median AFP used to define a very aggressive phenotype in patients with very
high AFP. Pinteraction¼0.5106, not significant. AFP, alpha-fetoprotein; CI, confidence interval; HR, hazard ratio; mos, months;N, total number of patients; PL, placebo;
RAM, ramucirumab.
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Ascites is common in patients withHCC and is associatedwith poor
outcomes, but not clearly defined as treatment-related by the inves-
tigator assessment. Detailed analyses by TE ascites within the pooled
population have been reported previously (33). TE ascites developed in
66 patients (20.9%) in the ramucirumab group and 33 patients (14.8%)
in the placebo group and was predominantly grade 1 or 2 in severity.
The median time to development of ascites was 43 days (IQR: 29–100)
in the ramucirumab arm versus 47 days (IQR: 29–77) in the placebo
arm.When adjusted for treatment duration, the incidence of TE ascites

was no higher for ramucirumab than placebo as the incidence rates per
100 patient-years of any grade TE ascites were 59.1 and 71.9 for the
ramucirumab and placebo groups, respectively, and the incidence of
grade ≥3 TE ascites were 13.4 and 19.6, respectively (33). The use of
diuretics was greater in patients within the ramucirumab (n ¼ 170)
arm compared with placebo (n ¼ 79). However, higher numbers of
patients within the placebo (n ¼ 7) arm underwent paracentesis
compared with ramucirumab (n¼ 3). Kaplan–Meier analysis showed
improved OS with ramucirumab irrespective of the presence of TE

Figure 2.

Kaplan–Meier plots of OS by etiology for ramucirumab versus placebo. Patients with viral etiology (A) and nonviral etiology (B). Kaplan–Meier analysis for OS
shown by etiology status (HBV and HBC vs. nonviral) by treatment arm. Pinteraction ¼ 0.2899, not significant. CI, confidence interval; HR, hazard ratio; mos, months;
N, total number of patients; PL, placebo; RAM, ramucirumab; PL, placebo.

Figure 3.

Kaplan–Meier plots of OS (A and B) and PFS (C and D) by TE-hypertension for ramucirumab versus placebo. Kaplan–Meier analysis for OS and PFS shown by
TE-hypertension status by treatment arm: ramucirumab (Red) versus placebo (Gray). Patientswith (A andC) andwithout (B andD) TE-hypertension. OSPinteraction¼
0.0392, significant. CI, confidence interval; HR, hazard ratio; mos, months; N, total number of patients; PL, placebo; RAM, ramucirumab; TE, treatment-emergent.
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ascites. In patients with TE ascites, median OS in the ramucirumab
group versus placebo group was 6.7 versus 3.4 months (HR: 0.30, 95%
CI: 0.18‒0.49, P < 0.0001), while in patients without TE ascites, median
OSwas 8.3 versus 5.9months (HR: 0.77, 95%CI: 0.62‒0.95,P¼ 0.0155;
Supplementary Fig. S4). An association with greater OS benefit for
ramucirumab was observed in patients who developed TE ascites
(Pinteraction ¼ 0.0001). During PFS analysis, a significant trend was
observed as the median PFS was improved with ramucirumab versus
placebo in patients with TE ascites [4.2 vs. 2.0 months (HR: 0.46,
95% CI: 0.29‒0.74)], and without TE ascites [2.7 vs. 1.5 months (HR:
0.62, 95% CI: 0.50‒0.77); Pinteraction ¼ 0.4919]. Higher objective
responses rates were observed in patients treated with ramucirumab
versus placebo irrespective of TE ascites status (with TE ascites: 9% vs.
0%; without TE ascites: 4% vs. 1%; ref. 33). For patients treated with
ramucirumab, a similar OS was observed in patients with TE ascites
compared to those without as per the Kaplan–Meier method (6.7
compared with 8.3 months). To account for the potential guarantee-
time bias as described previously, a conditional landmark analysis was
conducted. As the majority of TE ascites events for patients treated
with ramucirumab occurred within the first 3 months from random-
ization, 3-month was selected as the landmark time. The 3-month
conditional landmark analysis for OS showed similar OS benefit for
patients irrespective of TE ascites status (with: 8.51 months; without:
9.99 months; Supplementary Fig. S5). The results of the original and
conditional landmark analyses are comparable, indicating that guaran-
tee-time bias has a minimal effect on the ascites-efficacy relationship.

Association between exposure, treatment-related hypertension,
and benefit from ramucirumab

Next, we explored whether the association of TE hypertension and
benefit of ramucirumab was significantly associated with treatment
exposure. For this purpose, we conducted exposure-response (ER)
analysis to examine the relationship between ramucirumab exposure
in both exposure-efficacy and exposure-safety analyses. Patient demo-
graphics and disease characteristics by Cmin,1 quartiles (Q1, lowest
exposure, to Q4, highest exposure) of the pooled exposure-efficacy
population (Supplementary Fig. S1) are shown in Supplementary
Table S6. Several baseline factors associated with poorer prognosis
in aHCC, including presence of MVI, higher stage of BCLC (stage C),
higher point of Child-Pugh A6, and presence of extrahepatic spread,
appeared to be more frequent in lower exposure quartiles. In the UV
OS analysis by Cmin,1 quartiles, a separation between theOS curves was

observed, indicating a longer survival for patients with ramucirumab
exposure corresponding to the higher ramucirumab Cmin,1 quartiles
achieved following 8 mg/kg (Fig. 5). Median OS from Q1 through Q4
increased (5.7, 7.1, 8.9, and 13.2 months, respectively) and were higher
compared with the median OS of 5 months for placebo (Fig. 5). After
adjusting for prespecified factors that were found to be prognostic in
REACH-2 (ECOG PS, MVI, and AFP), the positive association
between OS and Cmin,1 remained statistically significant with a
decrease in HR from 0.93 (95% CI: 0.70–1.23; Q1), 0.75 (95% CI:
0.56–1.01; Q2), and 0.54 (95% CI: 0.0.40–0.73; Q3) to 0.46 (95% CI:
0.33–0.63; Q4) with increasing ramucirumab exposure (Q1 through
Q4) versus placebo. During exposure-safety analysis, significantly
higher incidences of grade ≥3 hypertension was observed among
patients with increased ramucirumab exposure (12% vs. 4%; Supple-
mentary Table S7), which identified patients with greater benefit from
ramucirumab treatment. Unlike hypertension, no significant associ-
ation between increased ramucirumab exposure and incidences of
ascites was observed during ER analysis as shown in Supplementary
Table S7.

Discussion
This post hoc analysis aimed to identify potential prognostic factors

for survival andpredictive factors of ramucirumab treatment benefit in a
biomarker-enriched (AFP ≥400 ng/mL) patient population from
REACH and REACH-2. Many of the known baseline prognostic factors
in HCC that have been studied in biomarker unselected trials remained
prognostic in our AFP-enriched population, and no baseline factor was
identified as predicting a survival advantage for ramucirumab.

After adjusting for treatment and additional prognostic factors, the
prognostic factors independently associated with survival in second-line
aHCC were geographical region, ECOG PS (0 vs. 1), baseline AFP
(>1,000 ng/mL vs. 400–1,000 ng/mL), Child-Pugh score (A5 vs. A6),
number of metastatic sites, elevated NLR (>3.2 vs. <3.2), ALP (>146 vs.
≤146), and AST (>57 vs. ≤57). These factors were consistent with prior
reports in AFP all comer trials (8, 13, 34–36). Race was found not to be
prognostic forOS, and thiswasconsistentwithotherHCCstudies (8, 31).

In recent years, biochemical markers of systemic inflammatory
response have been incorporated in prognostic scores for several types
of cancer, including HCC. In particular, elevated NLR has been
increasingly recognized as an indicator for poor prognosis (37), and
is believed to have a potential role in cancer progression (38).

Figure 4.

Conditional landmark analysis for OS according to TE-hypertension (Pinteraction: 0.0942): survival time from 2 months until death. Kaplan–Meier plots of OS shown
by TE-hypertension status (survival time from2months until death): ramucirumab (red) versus placebo (gray). Patientswith (A) andwithout (B) TE-hypertensionOS
Pinteraction ¼ 0.0001, significant. CI, confidence interval; HR, hazard ratio; mos, months; N, total number of patients; PL, placebo; RAM, ramucirumab; TE, treatment-
emergent.
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Consistent with previous studies, elevated NLR remained a poor
prognostic factor in our study.

Regarding ramucirumab effect, first we knew that high AFP was not
only a poor prognostic factor (7, 8, 13) but also a biomarker that can
predict the response to ramucirumab in termsof survival benefit basedon
data fromREACHandREACH-2 trials (14, 19, 20). In the current study,
wedemonstrate that ramucirumabcontinues toprovide a survival benefit
in patients with AFP ≥1,000 ng/mL and in patients where baseline AFP
levels are higher than themedian (4,081.5 ng/mL) level within the pooled
population. Elevated AFP levels are significantly associated with
increased mortality (14, 21) and worse prognosis when compared with
the general population (21, 23); however, patients with very high AFP
(≥4,081.5 ng/mL) also benefit from ramucirumab treatment.

Second, we confirm the effect of ramucirumab across etiologies.
HCC commonly occurs as a result of chronic liver disease secondary to
viral HBV or HCV infection (39). However, there has been a marked
increase in the number of patients with HCC presenting with nonviral
etiologies such as nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis (NASH; ref. 40). Approximately one third of patients in
the pooled population presented with nonviral etiologies with the
majority being significant alcohol use and steatohepatitis (NASH and
fatty liver)-related HCC. A limited benefit for immunotherapies in
patients with nonviral HCC has been recently suggested in a meta-
analysis evaluating effects on OS from three randomized phase III
trials: CheckMate-459 (41, 42), IMbrave150 (43), and KEYNOTE-
240 (44). A bettermedianOS to PD-1/PD-L1 therapies in patients with
virus-induced HCC than in patients with nonviral HCC was observed
in themeta-analysis, thus providing the rationale to stratify patients by
underlying etiology (27). We herein confirm an OS benefit from
ramucirumab treatment among patients with nonviral aHCC, and
nonviral aHCC does not represent a predictive factor. A more detailed
analysis by disease etiology in the pooled population has been reported
separately (45). In the analysis presented here, nonviral etiologies
(including ALD and NASH) showed consistent ramucirumab
benefit, compared with viral hepatitis.

Although no baseline variables were found to be predictive of
a differential OS benefit with ramucirumab in patients with AFP
≥400 ng/mL, we identified hypertension as one treatment-related
adverse event associated with better ramucirumab survival benefit. It

has been reported that VEGF inhibitors (VEGFI) often cause an
elevation in blood pressure, and this class effect has been observed
across all VEGFI trials (46–49). Hypertension often occurs rapidly and
reflects the effective inhibition of VEGF signaling. This is reflected in
our data as higher incidences of hypertension occurred among patients
treated with ramucirumab (21.5%) versus placebo (8.8%). Many
studies in several tumor types have shown an association with bev-
acizumab-induced hypertension with improvements in OS, PFS, and
overall response rate (15, 47, 50–52). While a ramucirumab survival
benefit was observed irrespective of TE hypertension in our study, an
association of improved survival was noted in patients who developed
hypertension on study. In this sense, median OS of 14.9 months was
achieved in those patients, significantly and independently superior to
any subgroup. Interestingly, patients with the highest ramucirumab
exposure (Q4) were associated with TE hypertension grade >3 and an
improved survival response (median 13.2 months) when compared
with the rest of the population with lower ramucirumab exposure,
as illustrated by the exposure analysis. One potential explanation for
the relationship between TE hypertension and efficacy is that both
are associated with ramucirumab exposure. This type of link
between therapy toxicity and survival is not uncommon, as evi-
denced by studies of the tyrosine kinase inhibitor, sorafenib (53), as
well as immunotherapy (54). To address the potential guarantee-
time bias in the predictive effect of TE hypertension on survival
impact with ramucirumab, we confirmed the results with a condi-
tional landmark analysis (24).

Finally, TE ascites was also identified as independent predictor of
response to ramucirumab, but this result should be interpreted with
caution because occurrence of ascites (as opposed to hypertension)
occurred throughout the follow-up, and patients on ramucirumab had
more time to develop ascites due to a longer survival benefit from
treatment.Ascites is common inpatientswithHCCand is likely caused
by either progression of HCC over time or worsening of liver function
during the natural course of underlying chronic liver disease. Anti-
angiogenic therapies such as ramucirumab have been hypothesized to
increase hepatic sinusoidal pressure, leading to increased portal vein
pressure and ascites (33, 52). The incidence of ascites in the pooled
population was generally consistent with other studies of previously
treated aHCC (12%–16%; refs. 28, 31). Because ascites is associated

Figure 5.

Kaplan–Meier survival curves for the
pooled efficacy population by RAM
Cmin,1 quartiles versus PL. Unadjust-
ed data are shown for OS. All includ-
ed patients had a baseline AFP of
≥400 ng/mL. Patients with missing
baseline covariate factors were omit-
ted from the analysis. HRswere adjust-
ed for macrovascular invasion (CRF),
ECOG PS at baseline, baseline AFP
(ng/mL) (log-transformed). Quartiles:
Q1 ¼ <25%; Q2 ¼ 25%–<50%; Q3 ¼
50%–<75%; Q4 ¼ ≥75%. AFP, alpha-
fetoprotein; CI, confidence interval;
CRF, case report form; ECOG PS,
Eastern Cooperative Oncology Group
performance score; HR, hazard
ratio; N, total number of patients;
Q1–Q4, quartiles 1 through 4; RAM,
ramucirumab.
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with disease state, and ramucirumab-treated patients are followed on
study longer than placebo-treated patients due to improvement in
disease control and survival, exposure-adjusted analysiswas conducted
in the pooled population and detailed separately. When adjusted for
treatment duration, the incidence rates per 100 patient-years of any
grade TE ascites were no higher for ramucirumab than placebo (33). In
regard to TE ascites association with other TE events, TE ascites was
found to be associated with TE hypoalbuminemia, but not TE pro-
teinuria or hypertension (33). In addition, the exposure-safety analysis
did not identify a relationship between ramucirumab exposure and
incidence rate of ascites as there were no differences noted among
patients treated with ramucirumab or placebo.

Certain limitations must be considered in post hoc analysis. These
results were demonstrated in a biomarker-enriched population (AFP
≥400 ng/mL) well defined by the inclusion and exclusion criteria of the
REACH and REACH-2 studies, and so are limited to Child-Pugh A
patients who had received prior sorafenib. Furthermore, the treat-
ment-related hypertension andTE ascites results should be interpreted
with caution given that TE events are factors only observed after
randomization. To account for this, the conditional landmark analyses
were used to reduce concern for the guarantee-time bias.

In conclusion, our analysis demonstrated a consistent treatment
benefit with ramucirumab for patients with aHCC and AFP
≥400 ng/mL, including patients with aggressive tumors and nonviral
etiologies. While no baseline factors predicted response to ramucir-
umab, TE hypertension was associated with higher drug exposure, and
higher drug exposure was associated with improved OS benefit.
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