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Background: Nivolumab and pembrolizumab disrupt the programmed cell death-1
immune checkpoint and display promising efficacy and safety results in advanced
hepatocellular carcinoma (HCC). However, the benefits remain limited. The preliminary
results of lenvatinib (LEN) combined with immune checkpoint inhibitors (ICIs) reveal that
the combinations were well-tolerated and encouraging. This study aimed to analyze the
safety and efficacy of LEN plus ICIs in a real-world cohort of patients with advanced HCC.

Method: Between June 4, 2017, and June 30, 2019, 16 patients received LEN plus
nivolumab, and 13 patients were treated with LEN plus pembrolizumab, with the
confirmed advanced HCC retrospectively analyzed. The clinical parameters, as well as
the outcomes, were assessed.

Results: All the patients had Barcelona Clinical Liver Cancer Stage C. LEN with ICIs was
used as systemic second-, third-, and fourth-line treatments in seven (24.1%), 14 (48.3%),
and eight (27.6%) patients, respectively. At the time of data cutoff, six patients (37.5%)
were still receiving LEN with nivolumab, while another six patients (46.2%) were still
receiving LENwith pembrolizumab. An objective response was recorded in seven patients
(25.9%), while the best overall responses were from one complete response and six partial
responses. The 6- and 12-month over survival (OS) rates were 62.6% and 53.7%,
respectively. Furthermore, the 6- and 12-month progression-free survival (PFS) rates were
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43.5% and 31.8%, respectively. In the subgroup analyses, the 6- and 12-month OS and
PFS rates for patients treated with LEN plus nivolumab were 62.5% and 52.1%,
respectively, and 43.8% and 30.0%, respectively. The 6- and 12-month OS and PFS
rates for patients treated with LEN plus pembrolizumab were 51.3% and 51.3%,
respectively, and 49.2% and 49.2%, respectively. A total of 11 (31%) deaths were
reported in this study, four of which were attributed to grade 5 adverse events
presented as fatal treatment-related hepatitis.

Conclusion: The combination of LEN and ICIs is a promising new strategy for the
treatment of HCC patients. However, high-grade hepatic toxicity was observed and
further evaluation of this combination is still required.
Keywords: hepatocellular carcinoma, lenvatinib, nivolumab, pembrolizumab, survival
INTRODUCTION

Hepatocellular carcinoma (HCC) is the most prevalent primary
liver cancer and is ranked as the sixth most common neoplasm,
as well as the third leading cause of cancer death (1). However,
many patients develop recurrence or disease progression after
initial curative surgical or locoregional treatment. At present,
there are insufficient therapies that can effectively treat patients
with advanced stages of HCC (2, 3). For ten years, the only
multikinase inhibitor available for patients with unresectable
HCC was sorafenib. Checkmate 459, which is a randomized,
multicenter, clinical study, showed that the median overall
survival (OS) of the sorafenib group was 14.7 months (4).

In recent years, additional agents, including lenvatinib (LEN)
and atezolizumab in combination with bevacizumab, have been
introduced to the treatment paradigm as first-line alternatives to
sorafenib (5, 6). Similarly, second-line treatment has also
evolved, with phase III studies RESORCE, CELESTIAL, and
REACH reporting the clinical benefits of regorafenib,
cabozantinib, and ramucirumab, respectively, over placebo in
patients pretreated with sorafenib (7–9). Immune checkpoint
inhibitors have also been examined as novel second-line agents
in the treatment of HCC with manageable toxicity in a subset of
patients (10, 11). However, phase III studies, in the first-line
setting versus sorafenib and second-line setting versus placebo,
have failed to meet their primary endpoints (4, 12).

Although these new inhibitors have improved patient
survival, the effectiveness of a single drug remains relatively
limited. Furthermore, the benefits remain limited and novel
treatment strategies for patients with advanced HCC are
urgently required. Numerous studies are examining treatment
concepts using combinations of LEN with immune checkpoint
inhibitors (ICIs), with preliminary results showing that the
combinations were well-tolerated and encouraging (13–15). In
104 patients enrolled in the phase Ib trial of LEN plus
pembrolizumab, the confirmed objective response rate (ORR)
was 46% and median OS was 22 months (13). Similarly, the
phase Ib trial of LEN plus nivolumab revealed manageable
adverse events (AEs), and a 76.7% ORR was published in the
American Society of Clinical Oncology Seminar in 2020 (16).
2

Based on current data, lenvatinib combined with immunotherapy
has shown promising antitumor efficacy and tolerable safety in
patients with HCC.

This study aimed to examine the safety and efficacy of LEN
plus ICIs in a real-world cohort of patients with advanced HCC
treated with sorafenib or more systemic treatment.
PATIENTS AND METHODS

Study Design and Participants
The data of patients with advanced HCC treated with
LEN plus ICIs between June 4, 2017, and December 30,
2018, were obtained from the National Cancer Center/
National Clinical Research Center for Cancer/Cancer
Hospital and Shenzhen Hospital. All data, including patient
history, laboratory results, and radiological information were
collected retrospectively.

The diagnosis of HCC was confirmed by histologically or
cytologically diagnosis, excluding fibrolamellar, sarcomatoid,
and mixed hepatocholangiocellular carcinoma. Patients were
required to have measurable disease as defined by the
Response Evaluation Criteria in Solid Tumors (version 1.1;
RECIST v1.1). The following were the other eligibility criteria:
a Child-Pugh score ≤ 7 points, an estimated life expectancy of at
least ≥ 12 weeks, an Eastern Cooperative Oncology Group
performance status ≤ 2, an absolute neutrophil count ≥ 1.2 ×
109/L, a platelet count ≥ 50 × 109/L, serum bilirubin ≤ 2 mg/dL,
aspartate aminotransferase (AST) ≤ 5 times the upper limit of
normal (ULN), alanine aminotransferase (ALT) ≤ 5 times the
ULN, serum prothrombin time ≤ 18 seconds, serum creatinine ≤
1.5 times the ULN, and measured or calculated creatinine
clearance ≥ 60 mL/minute. Untreated hepatitis C virus (HCV)
and hepatitis B virus (HBV) patients were eligible, but they had
to be on anti-HBV or anti-HCV suppression for ≥ 1 week before
receiving ICIs. Programmed Cell Death-Ligand 1 (PD-L 1)
expression by immunohistochemistry and tumor mutational
burden by genetic sequencing were not assessed regularly.
Patients were excluded if they had prior treated with LEN or
any ICIs.
November 2021 | Volume 11 | Article 751159

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Huang et al. Lenvatinib Plus ICIs in aHCC
The treatment of LEN combined with ICIs was administrated
after multidisciplinary discussion, and the chosen of nivolumab
or pembrolizumab was open label and non-randomized. Patients
received 12 mg (body weight ≥ 60 kg) or 8 mg (body weight ≤ 60
kg) LEN orally once daily. The ICIs were administered as
recommended by the official dosage and safety information.
Nivolumab was administered intravenously at 3 mg/kg body
weight or a fixed dose of 240 mg every two weeks.
Pembrolizumab was administered intravenously at a fixed dose
of 200 mg every three weeks. Dose delays were determined based
on toxicity. Treatment schedules were modified at the discretion
of the treating physician, if necessary.

The study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, as reflected in a priori approved by
the institution’s human research committee. The written and
informed consent obtained from each patient were included in
the study.

End Points and Clinical Assessments
The primary endpoint was the OS rate at 6- and 12-months.
Secondary endpoints included AEs, ORR, progression-free
survival (PFS). The AEs were assessed using the National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE; version 4.03). The radiological response
was recorded using computed tomography (CT) or magnetic
resonance imaging (MRI) at baseline, 6-12 weeks after treatment
initiation, and around every 3 months thereafter. The objective
response was defined as the proportion of participants with a
confirmed complete response (CR) or partial response (PR)
assessed with the RECIST v1.1 guidelines using central
imaging review (17).

Statistical Analysis
This study was designed as a retrospective cohort study. Patients
were followed until their death or last contact, or date of
censoring if their death did not occur by the cutoff date of July
16, 2019. Data on baseline characteristics, radiological tumor
response, and side effects were summarized using descriptive
statistics. The radiological response and time to progression of
patients who had at least one follow-up imaging assessment were
evaluated. TTP was defined as the time between the date of first
checkpoint inhibitor administration and the date of the first
radiologically confirmed tumor progression. Data from patients
who died without radiologically confirmed tumor progression
were censored at the date of their last radiological assessment.
PFS was defined as the time from the date of the first checkpoint
inhibitor administration until radiological disease progression or
death, whichever came first. Patients who were still alive and
without radiologically confirmed progression at the date of last
contact or data cutoff were censored. OS was defined as the
period from the start of immunotherapy until the date of death.
Patients who were still alive at the date of last contact or data
cutoff were censored. Survival curves were determined using the
Kaplan-Meier method and compared using the log-rank test.
Statistical analyses were performed using IBM SPSS Statistics
version 24.0 (SPSS Inc., Chicago, IL). P < 0.05 was
considered significant.
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RESULTS

Patient Characteristics and Treatment
A total of 29 patients were assessed for eligibility, with all of them
taking at least one immunotherapeutic agent combined with LEN.
Nivolumab was administered to 16 patients while pembrolizumab
was administered to 13 patients. The baseline patient
characteristics are summarized in Table 1. All the patients had
the Barcelona Clinical Liver Cancer (BCLC) Stage C, with 24
(82.8%) patients infected with HBV, two patients infected with
HCV, and two patients were infected with both HCV and HBV.
LEN with ICIs was used as systemic second-, third-, and fourth-
line treatment in 7 (24.1%), 14 (48.3%), and 8 (27.6%) patients
respectively, with all patients receiving at least one systemic
treatment, such as sorafenib or regorafenib. Furthermore, most
patients received local treatment previously, such as hepatectomy,
ablation, locoregional radiotherapy, and transhepatic arterial
chemotherapy embolization (TACE). The Child-Pugh scores of
A, B, C were reported for 79.3%, 13.8%, and 6.9% of patients,
respectively. At baseline, 82.8% of patients had macroscopic portal
vein invasion and 79.3% had extrahepatic spread.

The median duration of follow-up was 12.0 months (96%CI:
7.5-17.0 months). At the time of data cutoff, six (37.5%) patients
were still on treatment with LEN combined with nivolumab,
while six (46.2%) were receiving LEN combined with
pembrolizumab. The median duration of treatment for ICIs
was 10.5 months (95% CI: 7.53-12.97 months), nivolumab was
seven months (95% CI: 3.19-11.38 months), and pembrolizumab
was one month (95% CI: 0.67-2.5 months). The most common
reasons for treatment discontinuation were progressive disease
(PD) in 11 (37.9%) patients and serious AEs in five (17.2%).
After PD, seven participants went on to receive an alternative
treatment: one received a single LEN, five received regorafenib,
and one received the PD-L1 immune checkpoint.

Due to fatal treatment-related adverse events, two
participants in LEN plus nivolumab did not have any
assessment data after baseline. An objective response was
recorded in seven (25.9%) of the 29 participants who received
at least one dose of ICIs. Among the seven responders, the best
overall responses were one CR and six PR. Furthermore, 12
(44.5%) participants had stable disease (SD), while eight (29.6%)
had PD. The disease control rate (DCR) was reported in 19
(70.4%) of the 27 treated participants (Table 2). At the time of
data cutoff, six of the seven responses were ongoing, and the
median duration of response (DOR) was seven months (95% CI:
1.19-12.81 months). In this study, 11 (40.7%) of the 27
participants died, the median TTP was 7 months (95% CI:
3.44-10.56 months) (Table 2 and Figure 1), the 6- and 12-
month OS rates were 62.6%, and 53.7% (Table 2 and Figure 2),
respectively, and the 6- and 12-month PFS rates were 43.5% and
31.8% (Table 2 and Figure 3), respectively.

At least one adverse event was reported among the 24 (82.8%)
participants: grade 1-2 in 12 (41.4%) patients, grade 3 in six
(20.7%) patients, grade 4 in two (6.9%) patients, and grade 5 in
four (13.8%) patients (Table 3). The following were the most
common treatment-related AEs of any grade in the participants:
increased ALT concentration in 14 (48.3%), increased AST
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concentration in 13 (44.8%), and hyperlipemia in 13 (44.8%),
nausea in 7 (24.1%), proteinuria in 7 (24.1%), decreased appetite
in 7 (24.1%), rash (7 [24.1%]), diarrhea in 6 (20.7%), and
asthenia in 6 (20.7%). Treatment-related events of grade 3 or
Frontiers in Oncology | www.frontiersin.org 4
higher severity were reported in 12 (41.4%) participants. The
most common grade 3 events were increased ALT concentration,
which was observed in 4 patients (13.8%), and elevated AST
concentration in three patients (10.3%). Three grade 4
occurrences had allergic reactions, as well as increased ALT
and AST concentrations. Among the 29 participants, 4 (13.8%)
of them had dose interruptions due to three participants treated
with LEN and nivolumab having hepatitis, while the other one
treated with LEN and pembrolizumab had severe edema. The
three participants in the nivolumab group continued treatment
after their hepatitis was cured. Despite the use of systemic
corticosteroids for the management of AEs, patients continued
to experience clinical benefits. Out of the three patients re-
challenged after receiving systemic corticosteroid for AEs, two
participants had partial responses, while the third had
disease progressive.

In this study, 11 (31%) deaths were reported in the study, four
of which were attributed to grade 5 adverse events that resulted
in fatal immune-related hepatitis. The median time of fatal toxic
effects typically occurred in 0.5 ± 1.89 months and the median
time from symptom onset to death was five days (range, 1-9
days). Liver protection and prednisone therapy failed to reverse
the liver injury, and the dysfunction progressed to liver failure.

In the subgroup analyses, ORR was represented in six (42.8%)
of nivolumab and one (7.7%) of pembrolizumab. LEN plus
nivolumab had the best ORR with one CR (7.14%), five PR
(35.7%), and four SD (28.6%). LEN plus pembrolizumab had
only one PR (7.7%) and 8 SD (61.5%). DCR was reported in ten
(71.4%) of the LEN plus nivolumab group and nine (69.2%) of
the LEN plus pembrolizumab group, respectively (Table 2). The
6- and 12-month PFS rates for patients treated with LEN plus
nivolumab were 43.8% and 30.0%, while for patients treated with
LEN plus pembrolizumab they were 49.2% and 49.2%,
respectively (Figure 4). The 6- and 12-month OS estimates for
the LEN plus nivolumab group were 62.5% and 52.1%,
respectively, and 51.3% and 51.3%, respectively, for the LEN
plus pembrolizumab group (Figure 5). In terms of safety, the
number of patients who developed any grade (Group nivolumab
TABLE 2 | Radiological response according to RECIST1.1 and survival.

LEN + NIVO n = 16 LEN + PEM n = 13 All patients n = 29

Best response
CR 1 (6.3%) 0 1 (3.4%)
PR 5 (31.2%) 1 (7.7%) 6 (20.7%)
SD 4 (25%) 8 (61.5%) 12 (41.4%)
PD 4 (25%) 4 (30.8%) 8 (27.6%)

Not evaluable 2 (12.5%) 0 2 (6.9)
ORR (CR+PR) 6 (37.5%) 1 (7.7%) 7 (24.1%)
DCR (CR+PR+SD) 10 (62.5%) 9 (69.2%) 19 (65.5%)
TTP, median (95% CI) 7 (95% CI 0.39-13.61) – 7 (95% CI 3.44-10.56)
DOR (range, months) 7 (3-11) – 7 (3-11)
6-months PFS rate 43.8% 49.2% 43.5%
12-months PFS rate 30.0% 49.2% 31.8%
6-months OS rate 62.5% 51.3% 62.6%
12-months OS rate 52.1% 51.3% 53.7%
November 2021 | Volum
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; TTP, time to progression; DOR,
duration of response; PFS, progression-free survival; OS, over survival.
TABLE 1 | Baseline characteristics.

LEN + NIVO
n = 16

LEN + PEM
n = 13

All patients
n = 29

Age(y), mean ± SD 49 ± 3.87 57.5 ± 4.22 42.5 ± 3.57
Sex
Male 4 6 10
Female 12 7 19
Aetiology
Hepatitis B 14 10 24
Hepatitis C 1 1 2
Hepatitis B+C 1 1 2
Other 0 1 1
Prior treatment
Hepatectomy 9 6 15
Ablation 3 2 5
Loco‐regional (TACE/radiation) 10 11 21
Previous sorafenib 16 13 29
Previous regorafenib 12 10 22
Previous Anlotinib 3 5 8
LEN+ICIs
Second‐line 4 3 7
Third‐line 9 5 14
Fourth‐line 3 5 8

Macrovascular invasion 13 11 24
Extrahepatic metastasis 13 10 23
Child-Pugh stage
A 12 11 23
B 2 2 4
C 2 0 2

ECOG PS
0 13 10 23
1-2 3 3 6

Alpha‐Fetoprotein
<400 (IU/ml) 6 7 13
≥400 (IU/ml) 9 6 15
TACE, Transhepatic arterial chemotherapy embolization; LEN, Lenvatinib; ICIs, Immune
checkpoint inhibitors; BCLC, Barcelona Clinical Liver Cancer Stage.
e 11 | Article 751159
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vs pembrolizumab, n = 15 [93.8%] vs n = 9 [69.2%]) or high-
grade (Group nivolumab vs pembrolizumab, n = 7 [43.8%] vs n =
5 [38.5%]) adverse events was similar between LEN plus
nivolumab or pembrolizumab, with both groups having the
same adverse reaction spectrum (Table 3).
Frontiers in Oncology | www.frontiersin.org 5
DISCUSSION

In second-line trials involving patients who have failed
sorafenib, the OS in the placebo group is around 8 months
(9, 18, 19). The sequential molecular targeting agent treatment
further improved prognosis (20), but late line patients had a
worse status and more complex tumor resistance, leading to
poor survival during progression after previous systemic
therapy. Therapeutic decisions for late-line patients are
mainly determined based on the tumor stage and the
underlying liver dysfunction.

Several single options evaluated the efficacy and safety of late line
HCC compared to the best supportive care or placebo (12, 21, 22).
For example, LEN prolonged OS, offering safety and tolerability in
first-line treatment (5), as well as providing a good sequential
treatment option after progression in the third line of
unresectable HCC patients with better hepatic reserve function
(21). Furthermore, nivolumab was found to be safe in patients
with Child-Pugh class B liver dysfunction (22). In addition,
pembrolizumab has demonstrated encouraging antitumor activity
and was well tolerated in the Asian subgroup when used as a
second-line treatment for advanced HCC (23).

Although a significant number of patients had objective
responses and median PFS and OS that were both promising
after treatment with LEN or ICIs, the benefits remain limited.
Numerous ongoing studies are examining regimens combining
LEN with ICIs, with preliminary results revealing that the
treatment was well-tolerated and encouraging. There is
currently no late-line data on advanced HCC using the
combination of LEN and ICIs.
FIGURE 2 | Kaplan-Meier estimates of over survival for 27 eligible patients
with advanced hepatocellular carcinoma who were treated with lenvatinib plus
immune checkpoint inhibitors.
FIGURE 1 | Kaplan-Meier estimates of time to progression for 27 eligible
patients with advanced hepatocellular carcinoma who were treated with
lenvatinib plus immune checkpoint inhibitors.
FIGURE 3 | Kaplan-Meier estimates of progression-free survival for 27
eligible patients with advanced hepatocellular carcinoma who were treated
with lenvatinib plus immune checkpoint inhibitors.
November 2021 | Volume 11 | Article 751159
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In this study, the combination of LEN with programmed cell
death protein 1 (PD-1) targeted immunotherapy demonstrated
promising clinical efficacy in a real-world cohort of patients with
advanced HCC. A substantial number of objective responses
Frontiers in Oncology | www.frontiersin.org 6
(24.1%) and a DCR of 65.5% were discovered in the 29 treated
participants, who were consistently observed across several risk
factors associated with the prognosis of advanced HCC. The
responses were generally positive; the 6- and 12-month OS rates
were 62.6% and 53.7%, respectively; median TTP was seven
months (95% CI 3.44-10.56 months); the 6- and 12-month PFS
rates were 43.5% and 31.8%, respectively. These findings
indicated that the combination of LEN with nivolumab or
pembrolizumab could provide an effective treatment option in
a late-line systemic therapy setting. In preclinical murine models,
the combination of LEN with the anti-PD-1 antibody has been
shown to enhance antitumor activity. LEN significantly
decreased the population of tumor-associated macrophages, as
well as increased the percentage of activated CD8+ T cells
secreting interferon-g+ and granzyme B (24, 25). In addition,
LEN significantly reduced the level of tumor programmed death-
ligand 1 (PD-L1) and Treg differentiation, improved anti-PD-1
efficacy by blocking FGFR4, and inhibiting TGFß signaling (26,
27). The extent to which combination therapies pose clinical
safety and tolerability challenges, and whether these challenges
will limit their usefulness as an anticancer therapy, have been the
focus of an increasing number of studies.

Recently, the preliminary results of LEN combined with
nivolumab or pembrolizumab were reported in first-line
treatment evaluating the safety and effectiveness in advanced
HCC. The combination of LEN and nivolumab showed a
promising ORR of 76.7% and DCR of 96.7% by modified
RECIST (16), and the safety was assessed in another trial (28).
Meanwhile, the combination of LEN and pembrolizumab
showed an encouraging ORR of 36%, and DCR of 88% by
RECIST v1.1 (13). In the subgroup of our study, LEN
combined with nivolumab had an objective response of 37.5%;
DCR was 62.5%; the 6- and 12-month PFS rates were 43.8% and
30.0%, respectively; the 6- and 12-month OS rates were 62.5%
and 52.1%, respectively. A combination of LEN and
pembrolizumab had a 7.7% ORR and a 62.5% DCR, while the
6- and 12-month overall survival estimates were 51.3% and
51.3%, respectively. Despite the poor prognosis of this
population, six patients (20.7%) experienced durable and
ongoing confirmed radiographic responses, including one
patient who had a complete response at the time of the last
follow-up. Future studies assessing the PD-1 score and next-
generation tumor sequencing may help in identifying markers of
potential responders. In this study, the combination of lenvatinib
plus ICIs improved both disease control and survival.

There were no new or unexpected toxicities resulting from the
combination of lenvatinib with nivolumab or pembrolizumab
(13, 16, 28). The number of discontinuations due to treatment-
related AEs was 13.8%, and treatment-related events, such as
increased ALT or AST concentration, hyperlipemia, nausea,
proteinuria, decreased appetite, rash, diarrhea, and asthenia
(events that typically occur following treatment), were
observed in more than 10% of participants. Although >80% of
subjects experienced AEs, the majority of them were associated
with complications of comorbid liver dysfunction and advanced
tumor burden, as previously reported in studies on patients with
FIGURE 4 | Kaplan-Meier estimates of over survival with advanced
hepatocellular carcinoma who were treated with lenvatinib plus Nivolumab
and pembrolizumab, respectively.
FIGURE 5 | Kaplan-Meier estimates of progression-free survival with
advanced hepatocellular carcinoma who were treated with lenvatinib plus
Nivolumab and pembrolizumab, respectively.
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Child-Pugh class B HCC (29). Treatment-related grade ≥3 events
were reported to have occurred in 41.4% of patients.

Among the three of the five patients who received systemic
corticosteroid for AEs when re-challenged; two had partial
responses, while the other had disease progression. The
incidence of AEs with immunotherapeutic agents indicated an
active immune status, suggesting that there were potential
clinical benefits to the patient (30).

In the largest retrospective evaluation of fatal ICIs-associated
toxic effects published by the World Health Organization
(WHO) pharmacovigilance database (Vigilyze), hepatitis
accounted for around 20% of deaths of reported anti-PD-1/
PD-L1 related fatalities (31). In the Checkmate-040 study, 22–
30% of the patients receiving nivolumab had an increase in
ALT/AST levels. A similar rate was also described in the
Keynote-224 study of pembrolizumab. This further validated
the recently published data of nivolumab in Child-Pugh B
patients, where treatment of related hepatic AEs was described
in only four out of 49 patients, resulting in treatment
discontinuation of two patients in this cohort (32). The most
common grade 3/4 immune-mediated AEs in this cohort was
liver toxicity, with four deaths attributed to grade 5 AEs
presenting fatal treatment-related hepatitis. It was discovered
that these events generally occurred very early on after therapy
initiation and the duration from symptom onset to death was
short; nevertheless, it was unclear how the rates of fatal toxic
effects contributed to the combination with lenvatinib. Due to
the extremely high prevalence of ICI usage, more aggressive
combinations that are in development will cause an increase in
life-threatening and fatal complications. Therefore, the potential
increased risk of liver toxicity must be taken into account in
clinical management.
Frontiers in Oncology | www.frontiersin.org 7
Despite the retrospective nature and the lack of a control
group, the strength of this study is the provision of unique real-
world data on multiple lines of a systemic pretreatment patient
cohort that is excluded from clinical trials. These findings
contribute new, important information on LEN plus ICIs in
advanced HCC, particularly the first subgroup report on LEN
plus nivolumab.

There are several limitations to this study. Firstly, this study is
of a retrospective nature which could influence patient selection
bias. Therefore, the results must be interpreted with caution due
to the heterogeneous nature of the study population and different
treatment regimens. Secondly, the size of the cohort samples was
relatively small, reducing the quality of the conclusions reached.
Thirdly, due to a lack of detection of PD-L1 expression on tumor
cells, future studies will require the evaluation of the PD-1 and
PD-L1 expression levels on tumor-infiltrating lymphocytes as
potentially valuable biomarkers. In addition, a longer follow-up
is required for more meaningful median overall survival results
in the cohorts. Finally, the study was not designed to statistically
compare the clinical outcomes of lenvatinib plus nivolumab
against lenvatinib plus pembrolizumab, and further studies in
larger populations are warranted.
CONCLUSION

The combination of immunotherapy and targeted therapies has
attracted a huge amount of interest in the field, increasing hopes
that novel, effective therapeutic options will become soon
available, leading to new strategies for the management of
HCC patients. However, high-grade hepatic toxicity was
observed, which required further evaluation of this combination.
TABLE 3 | Adverse events.

LEN + NIVO n = 16 LEN + PEM n = 13 All patients n = 29

Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3

Rash 3 (18.7%) – 3 (23.07%) – 6 (20.7%) –

Pruritus 2 (12.5%) – 1 (7.69%) – 3 (10.34%) –

Fatigue 3 (18.7%) – 1 (7.69%) – 4 (13.79%) –

Vomiting 3 (18.7%) – 2 (15.38%) 1 (7.69%) 5 (17.24%) 2 (6.9%)
Diarrhoea 4 (25%) – 2 (15.38%) – 6 (20.7%) –

Paresthesia – – 1 (7.69%) – 1 (3.45%) –

Arthritis 1 (6.25%) – 1 (7.69%) – 2 (6.9%) –

Thyroiditis 2 (12.5%) – 1 (7.69%) – 3 (10.34%) –

Dyspnea 1 (6.25%) – – – 1 (3.45%) –

Abdominal pain 2 (12.5%) 1 (6.25%) – 1 (7.69%) 4 (13.79%) 2 (6.9%)
Nausea 7 (43.75%) – 3 (23.07%) – 10 (34.48%) –

Allergic reaction – – 1 (7.69%) – 1 (3.45%) –

Gastric ulcer 1 (6.25%) – – – 1 (3.45%) –

Decreased appetite 5 (31.25%) 1 (6.25%) 2 (15.38%) – 7 (24.14%) –

Hyperlipasaemia 8 (50%) – 5 (38.46%) – 13 (44.8%) –

Asthenia 4 (25%) 1 (6.25%) 2 (15.38%) – 6 (20.7%) –

Myelosuppression 2 (12.5%) – – – 2 (6.9%) –

Amylase/Lipase increase 1 (6.25%) – – – 1 (3.45%) –

AST increase 10 (62.5%) 6 (37.5%) 3 (23.07%) 2 (15.38%) 13 (44.8%) 8 (27.6%)
ALT increase 11 (68.75%) 7 (43.75%) 3 (23.07%) 2 (15.38%) 14 (48.28%) 9 (30.03%)
Proteinuria 4 (25%) – 3 (23.07%) 1 (7.69%) 7 (24.14%) 1 (3.45%)
November
 2021 | Volume 11 | Art
AST, aspartate aminotransferase; ALT, alanine aminotransferase.
icle 751159

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Huang et al. Lenvatinib Plus ICIs in aHCC
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.
AUTHOR CONTRIBUTIONS

XH, ZH, LX, and XC contributed to conception and design of the
study. TM, YR, YN, and XY contributed to the acquisition,
analysis, or interpretation of data for the work. XH and XB wrote
the first draft of the manuscript. All authors contributed to the
article and approved the submitted version.
Frontiers in Oncology | www.frontiersin.org 8
FUNDING

This study was supported by Sanming Project of Medicine in
Shenzhen (No.SZSM202011010) and Shenzhen High-level
Hospital Construction Fund.
ACKNOWLEDGMENTS

The authors acknowledge Zhen Huang, MD, Ph.D work in
National Cancer Center/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, for the
writing assistance and critical revision of the manuscript for
important intellectual content.
REFERENCES
1. Forner A, Reig M, Bruix J. Hepatocellular Carcinoma. Lancet (London

England) (2018) 391(10127):1301–14. doi: 10.1016/s0140-6736(18)30010-2
2. Llovet JM, Villanueva A, Lachenmayer A, Finn RS. Advances in Targeted

Therapies for Hepatocellular Carcinoma in the Genomic Era. Nat Rev Clin
Oncol (2015) 12(7):408–24. doi: 10.1038/nrclinonc.2015.103

3. Pinter M, Peck-Radosavljevic M. Review Article: Systemic Treatment of
Hepatocellular Carcinoma. Aliment Pharmacol Ther (2018) 48(6):598–609.
doi: 10.1111/apt.14913

4. Yau T, Park JW, Finn RS, Cheng AL, Mathurin P, Edeline J, et al. CheckMate
459: A Randomized, Multi-Center Phase III Study of Nivolumab (NIVO) vs
Sorafenib (SOR) as First-Line (1L) Treatment in Patients (Pts) With
Advanced Hepatocellular Carcinoma (aHCC). Ann Oncol (2019) 30:v874–
v5. doi: 10.1093/annonc/mdz394.029

5. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, et al. Lenvatinib
Versus Sorafenib in First-Line Treatment of Patients With Unresectable
Hepatocellular Carcinoma: A Randomised Phase 3 Non-Inferiority Trial.
Lancet (London England) (2018) 391(10126):1163–73. doi: 10.1016/s0140-
6736(18)30207-1

6. Galle PR, Finn RS, Qin S, Ikeda M, Zhu AX, Kim TY, et al. Patient-Reported
Outcomes With Atezolizumab Plus Bevacizumab Versus Sorafenib in Patients
With Unresectable Hepatocellular Carcinoma (IMbrave150): An Open-Label,
Randomised, Phase 3 Trial. Lancet Oncol (2021) 22(7):991–1001.
doi: 10.1016/s1470-2045(21)00151-0

7. Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, et al. Regorafenib
for Patients With Hepatocellular Carcinoma Who Progressed on Sorafenib
Treatment (RESORCE): A Randomised, Double-Blind, Placebo-Controlled,
Phase 3 Trial. Lancet (London England) (2017) 389(10064):56–66.
doi: 10.1016/s0140-6736(16)32453-9

8. Abou-Alfa GK, Meyer T, Cheng AL, El-Khoueiry AB, Rimassa L, Ryoo BY,
et al. Cabozantinib in Patients With Advanced and Progressing
Hepatocellular Carcinoma. N Engl J Med (2018) 379(1):54–63. doi: 10.1056/
NEJMoa1717002

9. Zhu AX, Park JO, Ryoo BY, Yen CJ, Poon R, Pastorelli D, et al.
Ramucirumab Versus Placebo as Second-Line Treatment in Patients With
Advanced Hepatocellular Carcinoma Following First-Line Therapy With
Sorafenib (REACH): A Randomised, Double-Blind, Multicentre, Phase 3
Trial. Lancet Oncol (2015) 16(7):859–70. doi: 10.1016/s1470-2045(15)
00050-9

10. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in Patients With Advanced Hepatocellular Carcinoma
(CheckMate 040): An Open-Label, Non-Comparative, Phase 1/2 Dose
Escalation and Expansion Trial. Lancet (London England) (2017) 389
(10088):2492–502. doi: 10.1016/s0140-6736(17)31046-2

11. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
Pembrolizumab in Patients With Advanced Hepatocellular Carcinoma
Previously Treated With Sorafenib (KEYNOTE-224): A Non-Randomised,
Open-Label Phase 2 Trial. Lancet Oncol (2018) 19(7):940–52. doi: 10.1016/
s1470-2045(18)30351-6

12. Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, et al.
Pembrolizumab As Second-Line Therapy in Patients With Advanced
Hepatocellular Carcinoma in KEYNOTE-240: A Randomized, Double-
Blind, Phase III Trial. J Clin Oncol (2020) 38(3):193–202. doi: 10.1200/
jco.19.01307

13. Finn RS, Ikeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase Ib
Study of Lenvatinib Plus Pembrolizumab in Patients With Unresectable
Hepatocellular Carcinoma. J Clin Oncol (2020) 38(26):2960–70.
doi: 10.1200/jco.20.00808

14. Lin PT, Teng W, Jeng WJ, Lin CY, Lin SM, Sheen IS. Combining Immune
Checkpoint Inhibitor With Lenvatinib Prolongs Survival Than Lenvatinib
Alone in Sorafenib-Experienced Hepatocellular Carcinoma Patients. Eur J
Gastroenterol Hepatol (2020) 72(S1):691A. doi: 10.1097/meg.0000000
000001956

15. Wang Y, Jiang M, Zhu J, Qu J, Qin K, Zhao D, et al. The Safety and Efficacy of
Lenvatinib Combined With Immune Checkpoint Inhibitors Therapy for
Advanced Hepatocellular Carcinoma. Biomed Pharmacother (2020)
132:110797. doi: 10.1016/j.biopha.2020.110797

16. Kudo M, Ikeda M, Motomura K, Okusaka T, Kato N, Dutcus C, et al. A Phase
Ib Study of Lenvatinib (LEN) Plus Nivolumab (NIV) in Patients (Pts) With
Unresectable Hepatocellular Carcinoma (uHCC): Study 117. J Clin Oncol
(2020) 38:513. doi: 10.1200/JCO.2020.38.4_suppl.513

17. Lencioni R, Llovet JM. Modified RECIST (mRECIST) Assessment for
Hepatocellular Carcinoma. Semin Liver Dis (2010) 30(1):52–60.
doi: 10.1055/s-0030-1247132

18. Llovet JM, Decaens T, Raoul JL, Boucher E, Kudo M, Chang C, et al. Brivanib
in Patients With Advanced Hepatocellular Carcinoma Who Were Intolerant
to Sorafenib or for Whom Sorafenib Failed: Results From the Randomized
Phase III BRISK-PS Study. J Clin Oncol (2013) 31(28):3509–16. doi: 10.1200/
jco.2012.47.3009

19. Zhu AX, Kudo M, Assenat E, Cattan S, Kang YK, Lim HY, et al. Effect of
Everolimus on Survival in Advanced Hepatocellular Carcinoma After Failure
of Sorafenib: The EVOLVE-1 Randomized Clinical Trial. Jama (2014) 312
(1):57–67. doi: 10.1001/jama.2014.7189

20. Finn RS, Merle P, Granito A, Huang YH, Bodoky G, Pracht M, et al. Outcomes
of Sequential Treatment With Sorafenib Followed by Regorafenib for HCC:
Additional Analyses From the Phase III RESORCE Trial. J Hepatol (2018) 69
(2):353–8. doi: 10.1016/j.jhep.2018.04.010

21. Hiraoka A, Kumada T, Hatanaka T, Tada T, Kariyama K, Tani J, et al.
Therapeutic Efficacy of Lenvatinib as Third-Line Treatment After Regorafenib
for Unresectable Hepatocellular Carcinoma Progression. Hepatol Res (2021)
51(8):880–89. doi: 10.1111/hepr.13644

22. Kambhampati S, Bauer KE, Bracci PM, Keenan BP, Behr SC, Gordan JD, et al.
Nivolumab in Patients With Advanced Hepatocellular Carcinoma and Child-
Pugh Class B Cirrhosis: Safety and Clinical Outcomes in a Retrospective Case
Series. Cancer (2019) 125(18):3234–41. doi: 10.1002/cncr.32206
November 2021 | Volume 11 | Article 751159

https://doi.org/10.1016/s0140-6736(18)30010-2
https://doi.org/10.1038/nrclinonc.2015.103
https://doi.org/10.1111/apt.14913
https://doi.org/10.1093/annonc/mdz394.029
https://doi.org/10.1016/s0140-6736(18)30207-1
https://doi.org/10.1016/s0140-6736(18)30207-1
https://doi.org/10.1016/s1470-2045(21)00151-0
https://doi.org/10.1016/s0140-6736(16)32453-9
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1016/s1470-2045(15)00050-9
https://doi.org/10.1016/s1470-2045(15)00050-9
https://doi.org/10.1016/s0140-6736(17)31046-2
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.1200/jco.19.01307
https://doi.org/10.1200/jco.19.01307
https://doi.org/10.1200/jco.20.00808
https://doi.org/10.1097/meg.0000000000001956
https://doi.org/10.1097/meg.0000000000001956
https://doi.org/10.1016/j.biopha.2020.110797
https://doi.org/10.1200/JCO.2020.38.4_suppl.513
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1200/jco.2012.47.3009
https://doi.org/10.1200/jco.2012.47.3009
https://doi.org/10.1001/jama.2014.7189
https://doi.org/10.1016/j.jhep.2018.04.010
https://doi.org/10.1111/hepr.13644
https://doi.org/10.1002/cncr.32206
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Huang et al. Lenvatinib Plus ICIs in aHCC
23. KudoM, LimHY, Cheng AL, Chao Y, Yau T, Ogasawara S, et al. Pembrolizumab
as Second-Line Therapy for Advanced Hepatocellular Carcinoma: A Subgroup
Analysis of Asian Patients in the Phase 3 KEYNOTE-240 Trial. Liver Cancer
(2021) 10(3):275–84. doi: 10.1159/000515553

24. Kato Y, Tabata K, Kimura T, Yachie-Kinoshita A, Ozawa Y, Yamada K, et al.
Lenvatinib Plus Anti-PD-1 Antibody Combination Treatment Activates
CD8+ T Cells Through Reduction of Tumor-Associated Macrophage and
Activation of the Interferon Pathway. PloS One (2019) 14(2):e0212513.
doi: 10.1371/journal.pone.0212513

25. Kimura T, Kato Y, Ozawa Y, Kodama K, Ito J, Ichikawa K, et al.
Immunomodulatory Activity of Lenvatinib Contributes to Antitumor
Activity in the Hepa1-6 Hepatocellular Carcinoma Model. Cancer Sci
(2018) 109(12):3993–4002. doi: 10.1111/cas.13806

26. Yi C, Chen L, Ling Z, Liu L, ShaoW, Zhang R, et al. Lenvatinib Targets FGFR4
to Enhance Antitumor Immune Response of Anti-PD-1 in Hepatocellular
Carcinoma. Hepatology (Baltimore Md) (2021) 74(5):2544–60. doi: 10.1002/
hep.31921

27. Torrens L, Montironi C, Puigvehı ́ M, Mesropian A, Leslie J, Haber PK, et al.
Immunomodulatory Effects of Lenvatinib Plus Anti-PD1 in Mice and
Rationale for Patient Enrichment in Hepatocellular Carcinoma. Hepatology
(Baltimore Md) (2021) 74(5):2652–69. doi: 10.1002/hep.32023

28. Vogel A, Müller DW, De Toni E, Siegler GM, Siebler J, Lindig U, et al. Safety
Analysis of the Run-in Phase (1st and 2nd Cohort) of the IMMUNIB Trial
(AIO-HEP-0218/Ass) - An Open-Label, Single-Arm Phase II Study
Evaluating Safety and Efficacy of Immunotherapy With Nivolumab in
Combination With Lenvatinib in Advanced Stage HCC. Ann Oncol (2020)
31:S691. doi: 10.1016/j.annonc.2020.08.1104

29. Marrero JA, Kudo M, Venook AP, Ye SL, Bronowicki JP, Chen XP, et al.
Observational Registry of Sorafenib Use in Clinical Practice Across Child-
Pugh Subgroups: The GIDEON Study. J Hepatol (2016) 65(6):1140–7.
doi: 10.1016/j.jhep.2016.07.020
Frontiers in Oncology | www.frontiersin.org 9
30. Fujii T, Colen RR, Bilen MA, Hess KR, Hajjar J, Suarez-Almazor ME, et al.
Incidence of Immune-Related Adverse Events and Its Association With
Treatment Outcomes: The MD Anderson Cancer Center Experience. Invest
New Drugs (2018) 36(4):638–46. doi: 10.1007/s10637-017-0534-0

31. Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, et al. Fatal Toxic
Effects Associated With Immune Checkpoint Inhibitors: A Systematic Review
and Meta-Analysis. JAMA Oncol (2018) 4(12):1721–8. doi: 10.1001/
jamaoncol.2018.3923

32. Kudo M MA, Santoro A, Melero I, Cubillo Gracian A, Acosta-Rivera M.
Checkmate-040: Nivolumab (NIVO) in Patients (Pts) With Advanced
Hepatocellular Carcinoma (aHCC) and Child-Pugh B (CPB) Status. J Clin
Oncol (2019) 37(Suppl 327):327. doi: 10.1200/JCO.2019.37.4_suppl.327
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Huang, Xu, Ma, Yin, Huang, Ran, Ni, Bi and Che. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
November 2021 | Volume 11 | Article 751159

https://doi.org/10.1159/000515553
https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.1111/cas.13806
https://doi.org/10.1002/hep.31921
https://doi.org/10.1002/hep.31921
https://doi.org/10.1002/hep.32023
https://doi.org/10.1016/j.annonc.2020.08.1104
https://doi.org/10.1016/j.jhep.2016.07.020
https://doi.org/10.1007/s10637-017-0534-0
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1200/JCO.2019.37.4_suppl.327
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Lenvatinib Plus Immune Checkpoint Inhibitors Improve Survival in Advanced Hepatocellular Carcinoma: A Retrospective Study
	Introduction
	Patients and Methods
	Study Design and Participants
	End Points and Clinical Assessments
	Statistical Analysis

	Results
	Patient Characteristics and Treatment

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


