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Objective: To evaluate the efficacy and safety of sintilimab combined with
apatinib plus capecitabine in the treatment of unresectable hepatocellular
carcinoma (HCC) to provide a more effective first-line treatment for patients
with advanced HCC.

Methods: This open-label, prospective, phase Il study included patients with
unresectable HCC who did not receive systematic treatment. The patients
were treated with sintilimab (200 mg, intravenous drip, once every 3 weeks)
combined with apatinib (250 mg, oral administration, once a day) plus
capecitabine (1000 mg/m?, twice a day; after 2 weeks of oral administration,
the drug was stopped for 1 week; course of treatment, 3 weeks). The primary
endpoint was the objective response rate (ORR). The secondary endpoints
included disease control rate (DCR), progression-free survival (PFS), duration of
response (DoR), overall survival (OS), and safety.

Results: Forty-seven patients (1 lost to follow-up) were enrolled in the study. As
of March 1, 2022, the ORR and DCR were 50.0% (95% Cl: 34.9-65.1%) and
91.3% (95% Cl: 79.2-97.6%), respectively, after blind, independent imaging
evaluation. The median follow-up time was 18.7 months (95% CI: 17.2-20.2
months). The median PFS was 9.0 months (95% CI: 7.1-10.9 months). The
median DoR was 10.8 months (95% ClI: 4.8—-16.8 months). The median OS was
not reached, and the 1-year OS rate was 71.7% (95% Cl: 56.5-84.0%). Only
28.3% (13/46) of patients had grade 3/4 treatment-related adverse events.
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Conclusion: Sintilimab combined with apatinib plus capecitabine has good safety
and anti-tumor activity as a first-line treatment for unresectable HCC. This is worthy
of further multi-center, prospective, randomized, large-sample clinical studies.

Clinical Trial Registration: https://ClinicalTrials.gov, identifier NCT04411706.
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Introduction

According to the annual statistics of GLOBOCAN2020, of all
cancers, liver cancer has the sixth highest incidence and the third
highest mortality globally (1). Primary liver cancer mainly
includes three different pathological types: hepatocellular
carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC),
and the HCC-ICC mixed type, of which HCC accounts for
90% (2). Liver cancer often has no obvious clinical symptoms in
the early stages, and the condition is commonly advanced at the
time of treatment initiation when it is not suitable for surgery or
local treatment. The 5-year survival rate of patients with
unresectable HCC is less than 15% (3, 4).

At present, the main treatment methods are systemic
therapies, including molecular-targeted therapy, chemotherapy,
and immunotherapy. Sorafenib is a representative drug for
molecular-targeted therapy of unresectable HCC. In the SHARP
and Oriental studies that established the status of sorafenib as the
first-line treatment for unresectable HCC, the objective response
rate (ORR) to sorafenib was only approximately 3%, and the
median overall survival (OS) was only barely more than 2 months
longer than that of the placebo group (5, 6). The results of a
randomized controlled international multi-center phase III
clinical study showed that the ORR of the FOLFOX4 regimen
reached 8.15% (7). However, the adverse reactions to
chemotherapy were relatively severe, making it unsuitable as the
mainstream treatment for unresectable HCC.

The advent of immunotherapy brings new possibilities and
hope for treating unresectable HCC. According to the results of
CheckMate-040 (8) and KEYNOTE-224 (9), the National
Comprehensive Cancer Network (NCCN) and Chinese Society
of Clinical Oncology guidelines recommend using nivolumab
and pembrolizumab (PD-1 inhibitors) as second-line treatment
options for advanced HCC. However, the recent CheckMate-459
study showed that the median OS of nivolumab and sorafenib in
the first-line treatment of unresectable HCC patients was 16.4
months and 14.7 months, respectively (hazard ratio [HR] = 0.85,
P = 0.0752); the primary endpoint OS did not reach the pre-set
threshold of statistical significance (HR = 0.84; P = 0.0419),
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while progression-free survival (PFS) was 3.7 months and 3.8
months, respectively (10). Similarly, the KEYNOTE-240 study
showed that the median OS, PFS, and ORR of pembrolizumab
versus placebo as a second-line treatment for unresectable HCC
was 13.9 months and 10.6 months, 3.0 months and 2.8 months,
and 18.3% and 4.4%, respectively. This clinical trial did not meet
the pre-set statistical requirements for OS or PFS (11).

Although targeted therapy and immunotherapy have achieved
good results for unresectable HCC, the clinical effects of single
drugs are limited. In recent years, some clinical studies have
shown that combination therapy is a future development direction
for unresectable HCC. For example, immunotherapy combined
with anti-angiogenic drugs (camrelizumab plus apatinib) (12),
double immunotherapy (nivolumab plus ipilimumab) (13), and
immunotherapy combined with chemotherapy (camrelizumab
plus FOLFOX4) (14) have yielded good results. In particular, a
global phase III randomized controlled trial, the IMbravel50
study (15), showed that the efficacy of atezolizumab combined
with bevacizumab in the treatment of unresectable HCC was
significantly better than that of sorafenib; this combination
became the first FDA-approved first-line treatment, based on
immunotherapy, for unresectable HCC. The IMbravel50 study
has greatly encouraged research regarding the best combination
for treating unresectable HCC.

Sintilimab is a highly selective all-human PD-1 monoclonal
antibody that has shown excellent efficacy and safety in the
treatment of relapsed or refractory classical Hodgkin lymphoma.
A recent multi-center randomized controlled trial showed that
sintilimab plus a bevacizumab biosimilar (IBI305) had
significantly better efficacy than sorafenib in the treatment of
unresectable HCC, with acceptable safety (16). As an inhibitor of
vascular endothelial growth factor receptor (VEGFR), apatinib
can inhibit tumor angiogenesis and exert anti-tumor effects (17,
18). A phase III clinical study has confirmed that apatinib
significantly prolonged the median PFS and OS (4.5 vs. 1.9
months; 8.7 vs. 6.8 months; P < 0.05) in patients with advanced
HCC, compared with the placebo treatment (19). Capecitabine is
a new 5-FU prodrug developed by Roche (Basel, Switzerland). It
is rapidly absorbed by the intestinal mucosa after oral
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administration and is transformed into 5-FU by catalytic action
in the human liver and tumor tissue, thus playing an anti-tumor
role. Therefore, capecitabine has a strong targeting effect in
advanced liver cancer (20). In addition, after oral administration,
the concentration of transformed 5-FU in the tumor tissue is
high, which can improve the curative effect and reduce adverse
reactions, and the compliance of patients with oral
administration of the drug is good. A multi-center study
showed that oral capecitabine is a safe and effective option for
patients with HCC for which targeted and other treatments are
unsuitable (21).

Increasing evidence has shown that chemotherapy has the
potential to overcome immunosuppression (22, 23), promote
tumor antigen presentation (24, 25), and regulate anti-vascular
activity (26, 27). Chemotherapy combined with PD-1/L1 and
VEGER inhibitors may have a synergistic effect. A phase III
clinical study of atezolizumab (anti-PD-L1 antibody) combined
with bevacizumab (anti-VEGF antibody) plus chemotherapy in
the treatment of non-small cell lung cancer confirmed that this
regimen prolongs the survival time of patients (28), providing
evidence for this combined strategy. However, to date, there
have been no reports on the combination of immune checkpoint
inhibitors with anti-angiogenic agents and chemotherapy for
treating patients with unresectable HCC.

Therefore, this study aimed to evaluate the efficacy and
safety of sintilimab combined with apatinib plus capecitabine
in treating unresectable HCC prospectively and provide a more
effective first-line treatment for patients with unresectable HCC.

Materials and methods
Determination of sample size

Simon’s two-stage design was used to estimate the sample
size of the primary endpoint. The bilateral test level o was 5%,
and the test efficiency 1- was 80%. According to the available
data, the ORR of sorafenib or lenvatinib as first-line treatment
for unresectable HCC is between 9% and 24%. The ORRs of
camrelizumab (PD-1 inhibitor) combined with apatinib and
camrelizumab combined with chemotherapy (FOLFOX4) as
first-line treatment for unresectable HCC were 30.8% and
27.3%, respectively. Capecitabine is a well-tolerated and
effective chemotherapeutic agent for patients with HCC. We
estimated that the ORR of sintilimab combined with apatinib
and capecitabine was 50%. Based on this assumption, we
planned to enroll 15 patients in the first stage, and if the
treatment was considered effective in five patients (assessed as
a complete or partial response) in the first stage, we would move
on to the second stage, with 46 patients in total in the two stages.
Overall, if 23 or more patients achieved partial (PR) or complete
response (CR), the treatment regimen would be considered a
better clinical strategy.
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Study design and patients

This prospective single-arm phase II clinical trial was
approved by the Medical Ethics Committee of Yichang Central
People’s Hospital and was conducted in accordance with the
tenets of the Declaration of Helsinki. This study was registered at
ClinicalTrials.gov (NCT04411706). Written informed consent
was obtained from all patients.

Patients were deemed eligible if they met the following criteria
(1): HCC confirmed by pathology, considered unsuitable for
surgery or other local treatment, and Barcelona clinical HCC
(BCLC) stage B or C (2); age between 18 and 75 years (3); Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or
1 (4); at least one measurable lesion (according to the Response
Evaluation Criteria in Solid Tumors v1.1 (RECIST v1.1)) (5); at
least 3 months of expected survival time (6); liver function of
Child-Pugh class A or B (6); main organ functions meeting the
following criteria (no blood components and cell growth factors
were used during the screening period): absolute neutrophil count
> 1.5 x 10°/L, platelets > 80 x 10°/L, hemoglobin > 90 g/L, serum
albumin > 30 g/L, alanine aminotransferase and aspartate
aminotransaminase < 2.5 x upper limit of normal [ULN], total
bilirubin < 1.5 x ULN, alkaline phosphatase < 2.5 x ULN, serum
creatinine < 1.5 x ULN, and thyroid-stimulating hormone (TSH)
< 1 x ULN (both free triiodothyronine [FI3] and free thyroxine
[FT4] levels should be measured, and subjects can be enrolled if
FT3 and FT4 levels are normal); and (7) chronic hepatitis C virus
(HCV) or hepatitis B virus (HBV) infection (viral load < 500 IU/
ml before enrollment).

The exclusion criteria were as follows (1): receiving other
anticancer treatments, including immunotherapy, targeted therapy,
and chemotherapy (2); any history of active autoimmune disease,
concurrent medical use of immunosuppressive medications, or
immunosuppressive doses of systemic corticosteroids (3); central
nervous system metastasis or hepatic encephalopathy, liver
transplantation recipients, hypertension not controlled by
antihypertensive drugs, and clinically obvious cardio-cerebrovascular
diseases (including congestive heart failure, uncontrolled arrhythmia,
angina requiring long-term medical therapy, valvular heart disease,
and myocardial infarction, as well as transient ischemic attack, cerebral
hemorrhage, cerebral infarction, pulmonary embolism and deep
venous thrombosis occurring within 6 months before enrollment)
(4); history of gastrointestinal bleeding or obvious tendency for
gastrointestinal bleeding within the previous 3 months (5); past
allergy to biological agents (6); other active malignant tumors.

Procedures

All patients were treated with sintilimab combined with
apatinib and capecitabine. Sintilimab injection (200 mg, diluted
in 100 mL normal saline) was administered intravenously over
30-60 min. This was the first day of a 21-day cycle. Capecitabine
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tablets 1000 mg/m” were administered orally twice a day from
days 1 to 14. After 2 weeks, the drug was discontinued for 1
week. The treatment cycle was 21 days. Apatinib 250 mg was
administered orally once a day. The dose of sintilimab was fixed,
and dose adjustment was not allowed. Dose adjustments were
allowed for apatinib and capecitabine. Three-drug combinations
of two or more cycles were defined as effective cases. If apatinib
or capecitabine could not be tolerated after two cycles,
immunotherapy alone was allowed to continue until disease
progression or intolerance occurred.

Effectiveness was evaluated by researchers according to the
RECIST vl1.1 guidelines. The baseline assessment was completed
within 7 days before the first administration. During the study,
imaging evaluation was performed every two cycles according to
the RECIST vl1.1 guidelines until disease progression, death, or
the end of the study, whichever occurred first.

Data of adverse events (AE) and laboratory abnormalities
were collected from the beginning of the assigned treatment to
30 days after cessation of treatment. Severe adverse reactions and
immune-related adverse events (irAE) were monitored for 90
days. Adverse events and laboratory results were graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE v5.0) (29).

All patients were followed up after the first treatment
administration and once a month after completion of
treatment until disease progression, death, loss to follow-up,
other anti-tumor therapy, or research termination. Patients who
stopped treatment for reasons other than imaging progression,
such as adverse reactions, needed to be followed up for tumor
progression and were evaluated as planned. All patients were
followed up until death or for not less than 1 year.

After patients signed an informed consent form, three
unstained tumor tissue sections were obtained from each
patient during the screening period. The expression level of
PD-L1 was detected by PD-L1 ITHC 28-8 pharmDx (Dako
Products, Santa Clara, CA, USA). The expression of PD-L1
was determined by the tumor proportion score (TPS): TPS =
(the number of tumor cells positive for PD-L1 staining/the total
number of live tumor cells in the sample) x 100%.

Outcomes

The primary endpoint was the ORR, defined as the percentage
of patients assessed as showing a complete or partial response by
blind, independent image analysis, according to the RECIST v1.1
guidelines. The secondary endpoints were safety, disease control
rate (DCR; percentage of patients with CR, PR, or stable disease
[SD] as the best overall response), progression-free survival (PFS;
time from the first dose of the study drug to disease progression or
death from any cause), duration of response (DoR; duration until
first confirmed partial or complete response to disease progression
or death), and OS (the time from the first dose of the study drug to
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death from any cause). The correlation between PD-L1 expression
and patient survival was also investigated.

Statistical analysis

The Kaplan-Meier method was used to analyze the time-
event variables, and the log-rank test was used to analyze the
differences in PD-L1 expression. Safety was described in terms of
number and percentage, using descriptive statistics. The ORR
and DCR with corresponding 95% confidence intervals (CI)
were calculated using the Clopper-Pearson method. All
statistical tests were two-sided, with the level of significance set
at 0.05. All statistical analyses were performed using SPSS
software (version 26.0; IBM, Armonk, NY, USA) and R
software (version 4.1.1; R Foundation, Vienna, Austria).

Results
Patient baseline characteristics

From June 2020 to March 2021, 47 patients with unresectable
HCC were enrolled and treated with sintilimab combined with
apatinib plus capecitabine. In the first stage, one patient was lost to
follow-up after only one treatment cycle. Forty-six patients were
included in the safety analysis and in the full analysis set (Figure 1).
The baseline characteristics of the 46 patients included in this analysis
are shown in Table 1. The median age of the patients was 56 years
(range: 30-75 years); 41 patients (89.1%) had BCLC stage C, 29
(63.0%) had hepatitis B virus infection, 34 (73.9%) had extrahepatic
spread, 14 (30.4%) had portal vein invasion, and 30 (65.2%) had an
ECOG score of 1. There were 35 patients (76.1%) with a PD-L1 TPS <
1%, while 11 patients (23.9%) had a PD-L1 TPS > 1%.

Efficacy

As of March 1, 2022, the median follow-up time was 18.7
months (95% CI: 17.2-20.2 months). In accordance with the
analysis based on the RECIST v1.1 guidelines, in terms of the best
overall response, there were 0 cases of CR, 23 cases (50.0%) of PR, 19
cases (41.3%) of SD, and 4 cases (8.7%) of progressive disease (PD).
The ORR was 50.0% (95% CI: 34.9-65.1%) and the DCR was 91.3%
(95% CI: 79.2-97.6%) (Table 2). The best percentage change in the
target size is shown in Figure 2. The median DoR was 10.8 months
(95% CI: 4.8-16.8 months). Of the 23 patients with PR, 7 (30.4%)
continued to undergo treatment (Figure 3). The median PFS was
9.0 months (95% CI: 7.1-10.9 months) (Figure 4). At data cut-off,
21 patients had died, and 25 patients survived. The maturity of the
data was 45.7% (21/46); thus, the median OS was not reached
(Figure 5),and the OS at 6 and 12 months was 91.3% (95% CI: 79.2-
97.6%) and 71.7% (95% CI: 56.5-84.0%), respectively.
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9 patients received
sintilimab+apatinib+capecitabine treatment

If 5 patients are effective in the
first stage, move on to the
second stage. A total of 46

patients were enrolled

-,

1 patient lost follow-up after
only one cycle of treatment

[ 5 patients had a PR (5/8,62.5%) ‘

The second stage

v

38 paticnts received
sintilimab+apatinib+capecitabine treatment

v

10 patients still on treatment

l

46 patients included in the full analysis set
46 patients included in the safety set

FIGURE 1
Trial flow diagram.

Safety

In terms of safety, the two cycles of the combination of the
three drugs were completed in 46 cases, four cycles were
completed in 42 cases, and immunotherapy was maintained in
17 cases for 1 year. All patients experienced treatment-related
adverse events (TRAE). The most common TRAE were hand-
and-foot syndrome (n = 37, 80.4%), abdominal pain (n = 32,
69.6%), nausea (n = 24, 52.2%), diarrhea (n = 21, 45.7%), fatigue
(n = 19, 41.3%), hypertension (n = 13, 28.3%), hemoglobin
decrease (n = 10, 21.7%), leukopenia (n = 7, 15.2%), elevated
glutamic pyruvic transaminase (n = 6, 13%), thrombocytopenia
(n = 5, 10.9%), itching (n = 5, 10.9%), and proteinuria (n = 5,
10.9%), but most of them were grade 1-2 TRAE. Grade 3-4
TRAE that occurred with an incidence of > 10% were hand-and-
foot syndrome (n = 9, 19.6%) and hypertension (n = 5, 10.9%)
(Table 3). TRAE necessitated an adjustment of capecitabine dose
in 16 patients (34.8%), cessation of capecitabine treatment in 7
patients (15.2%), adjustment of the apatinib dose in 13 patients
(28.3%), and cessation of apatinib treatment in 4 patients (8.7%).
During the study, no patients died of TRAE, while 2 patients
died of emergency AE during treatment (sudden rupture of the
esophagus and gastric varices, resulting in massive bleeding).

Exploratory analysis: PD-L1 expression

As of March 1, 2022, of the patients with PD-L1 TPS < 1%,
30 had PD, 5 had no disease progression, 20 had died, and 15
were still alive. The median PFS was 7.4 months (95% CI: 5.8-9.0
months), and the median OS was 15.2 months (95% CI: 11.2—
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19.2 months). Among patients with PD-L1 TPS > 1%, 6 had
developed PD, 5 still had no disease progression, 1 had died, and
10 survived. The median PFS was 15.8 months (95% CI: 14.1-
17.5 months). The median OS was not reached. The median PFS
and OS of patients with PD-L1 TPS > 1% were significantly
longer (hazard ratio [HR] 0.42, 95% CI: 0.23-0.80; HR 0.20, 95%
CI: 0.05-0.81) than those for patients with PD-L1 TPS < 1%; this
difference was statistically significant (Figures 6, 7). Multivariate
analysis showed that PD-L1 TPS expression was an independent
prognostic indicator of PES (Table 4).

Discussion

Unresectable HCC is still challenging to treat because of its
aggressiveness, high recurrence and metastasis rates, and lack of
effective anti-tumor drugs. Our study was a single-arm, phase II
clinical study that reached the pre-set main endpoint. The ORR
of the blind independent image evaluation was 50.0%, and the
DCR was 91.3%. In contrast, per the IMbravel50 study, the ORR
and DCR of atezolizumab combined with bevacizumab (T+A),
which has approved by the FDA as a first-line treatment, were
24.6% and 70%, respectively, in the Chinese population (30). In
addition, in published and ongoing phase II clinical trials, the
ORR of other first-line combination therapies ranged from
29.4% to 46% (12, 14, 31, 32). The regimens used in these
trials were immunotherapy combined with anti-angiogenesis or
immunotherapy combined with chemotherapy, while our study
regimen was a combination of immunotherapy, anti-
angiogenesis, and chemotherapy. The ORR of the primary
endpoint in our study was higher than that in other similar
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TABLE 1 Baseline clinical characteristics.

Characteristic Sintilimab-+apatinib+capecitabine
All patients (N = 46)

Median age (range) 56 (30-75)
Gender—No. (%)

Male 39 (84.7)

Female 7 (15.3)
ECOG PS—No. (%)

0 16 (34.8)

1 30 (65.2)
BCLC—No. (%)

B 5 (10.9)

c 41 (89.1)
Pathological differentiation®—No. (%)

111 9 (19.6)

v 35 (76.1)

Unknown 2(4.3)
HBYV infection—No. (%)

Yes 29 (63.0)

No 17 (37.0)
Child-Pugh class—No. (%)

A 37 (80.4)

B 9 (19.6)
Extrahepatic spread—No. (%)

Yes 34 (73.9)

No 12 (26.1)

Portal vein invasion—No. (%)

Yes 14 (30.4)

No 32 (69.6)
AFP, ng/ml—No. (%)

<400 24 (52.2)

>400 22 (47.8)
PD-L1 TPS—No. (%)

<1% 35 (76.1)

>1% 11 (23.9)

“Pathological differentiation was based on the Edmondson-Steiner grading method for hepatocellular carcinoma.

TABLE 2 Tumor response.

Best overall response Sintilimab-+apatinib+capecitabine (N = 46)
Complete response (CR) 0

Partial response (PR) 23 (50.0%)

Stable disease (SD) 19 (41.3%)

Progressive disease (PD) 4 (8.7%)

ORR, % (95% CI) 50.0% (34.9-65.1%)

DCR, % (95% CI) 91.3% (79.2-97.6%)

studies, indicating that our study achieved significant anti-tumor In terms of response duration, the median PFS in our study
effects and provided strong evidence for a hypothesized was 9.0 months, numerically superior to the 6.8 months reported
synergistic effect between immunotherapy, anti-angiogenesis by the T+A combination (15), the 5.5 months reported for
treatment, and chemotherapy. sintilimab plus bevacizumab biosimilar (16), and the 5.7 months
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FIGURE 2
Waterfall plots of best changes in the size of the target lesion versus baseline.

PR
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Time from treatment (days)

FIGURE 3
Swimmers plot of time on treatment for patients who achieved PR.

reported by the RESCUE study (12). It was similar to the 9.3- reported by the IMbravel50 (15) or other studies (12, 14) and
month PFS published in the KEYNOTE-524 study (32). Our slightly higher than that reported by the AK105-203 study (33).
secondary endpoint, the median OS, was not reached; this was More than 10% of grade 3/4 TRAE were associated with toxicity
related to an insufficient follow-up time. Up to the data cut-off related to apatinib and capecitabine, characterized by hand-and-
point (March 1, 2022), the median follow-up time was 18.7 foot syndrome and hypertension, resulting in 15.2% and 8.7% of
months. Only 21 patients had achieved the endpoint (death); patients discontinuing capecitabine and apatinib, respectively.
25 patients survived, and the data maturity was 45.7% (21/46). After the dose reduction or apatinib and/or capecitabine
Therefore, further follow-up is required. withdrawal, the AE was relieved or disappeared; thus, safety

In terms of safety, our study continued the administration of was controllable. The incidence of irAE was low, and no patients
other immunotherapy-based combination therapies with no had grade 3 or higher irAE. During the study period, no patient
specific TRAE. Most patients had grade 1/2 TRAE, while only died of TRAE, and only two patients died of massive bleeding
28.3% of patients had grade 3/4 TRAE, relatively lower than that due to sudden rupture of esophagogastric varices.
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PD-L1 expression in tumor cells is detected using
immunohistochemical methods and specific antibodies. In
general, the higher the PD-L1 expression, the more likely
patients are to benefit from immunotherapy. For example, in
non-small cell lung cancer, if the expression of PD-L1 is more
than 50%, the therapeutic effect on the patient will be better (34).
Currently, the NCCN guidelines for non-small cell lung cancer
recommend the detection of PD-L1 status before first-line
immunotherapy. There is no need to detect PD-LI status in
the second-line treatment using nivolumab and atezolizumab,
while second-line therapy with pembrolizumab can be used in
the combined treatment of patients with PD-L1 TPS > 1%, and
first-line monotherapy is approved for patients with advanced
non-small cell lung cancer with PD-L1 TPS > 50% (35).
However, in patients with unresectable HCC, the relationship
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between the expression of PD-L1 and the efficacy of immune
checkpoint inhibitors is unclear (36). Therefore, we explored the
relationship between the expression of PD-L1 and drug efficacy.
Our results showed that patients with PD-L1 TPS > 1% had
significantly longer median PFS and OS than those with PD-L1
TPS < 1%, and this difference was statistically significant.
However, in the present study, the number of patients in the
PD-L1 TPS = 1% group was small (only 11 cases), and most
patients had a PD-L1 TPS < 1%. Thus, our results need to be
validated by larger studies with a longer follow-up period.

As an early clinical trial with a single-center and single-arm
design, the relatively small sample size was a limitation of our
study. Second, only 63% of the patients in our study were
infected with the hepatitis B virus, compared to the proportion
of liver cancer patients in the Chinese population, i.e., 80% (33).
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FIGURE 6
The relationship between PD-L1 expression and progression-free survival.

TABLE 3 Treatment-related adverse events.

TRAE Sintilimab-+apatinib+capecitabine (N = 46)
Grade 1/2, n (%) Grade 3/4, n (%)

Hand and foot syndrome 28 (60.9) 9 (19.6)
Abdominal pain 31 (67.4) 1(2.2)
Diarrhoea 20 (43.5) 1(2.2)
Nausea 24 (52.2) 0
Vomiting 11 (23.9) 0
Tiredness 19 (41.3) 0
Fever 4 (8.7) 0
Hypothyroidism 7 (15.2) 0
Hyperthyroidism 1(2.2) 0
Cough 1(2.2) 0
Hemoglobin decrease 8 (17.4) 2 (43)
Leukopenia 6 (13.0) 1(2.2)
Neutropenia 4(8.7) 0
Thrombocytopenia 5(10.9) 0
Alanine aminotransferase increased 6 (13.0) 0
Aspartate aminotransferase increased 4 (8.7) 0
Rash 4(8.7) 0
Pruritus 5(10.9) 0
Bilirubin conjugated increased 3 (6.5) 0
hypertension 8 (17.4) 5(10.9)
Albuminuria 4 (8.7) 1(2.2)
Elevated serum creatinine 2(4.3) 0
Hyperglycemia 1(22) 0
Hypokalemia 1(2.2) 0
Hyponatremia 2(4.3) 0

TRAE, treatment-related adverse events; No grade 5 TRAE occurred.
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TABLE 4 Cox regression analysis of PFS.
Variables Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P
Age(years)
<56 1
>56 1.15 0.60-2.24 0.67
Gender
Female 1
Male 0.75 0.31-1.81 0.52
ECOG PS
0 1
1 3.13 1.45-6.76 0.004 233 1.02-5.32 0.045
BCLC
B 1
C 1.37 0.42-4.50 0.60
Pathological differentiation
111 1
v 0.83 0.36-1.93 0.67
Unknown 1.91 0.39-9.30 0.42
HBV infection
Yes 1
No 0.68 0.34-1.36 0.28
Child-Pugh class
A 1
B 2.29 1.02-5.14 0.045 2.03 0.88-4.68 0.098
Extrahepatic spread
Yes 1
No 0.88 0.41-1.88 0.74
Portal vein invasion
(Continued)
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TABLE 4 Continued

10.3389/fimmu.2022.944062

Variables Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI p

Yes 1

No 0.39 0.20-0.78 0.008 0.61 0.29-127 0.185
AFP, ng/ml

<400 1

2400 1.60 0.83-3.09 0.16
PD-L1 TPS

<1% 1

>1% 0.42 0.23-0.80 0.005 0.32 0.13-0.79 0.014

Therefore, the results should be verified in studies using a larger
sample size. In addition, the long-term survival data obtained in
our study require further follow-up.

In conclusion, sintilimab combined with apatinib plus
capecitabine has good safety and anti-tumor activity as a first-
line treatment for unresectable HCC. This treatment approach
may be an ideal new treatment strategy for unresectable HCC;
our results indicate that further multi-center, prospective,
randomized, large-sample clinical studies are warranted.

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 author.

Ethics statement
This study was reviewed and approved by The Evaluation
Committee of Medical Ethics institutions of Yichang Central

people’s Hospital. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Research conception and design: XX. Patients were screened
and follow-up data were collected: DLL, LX, JJ, DB, ZC, JH, YZ,

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49. doi: 10.3322/caac.21660

Frontiers in Immunology

11

YQ, DJL, YP, and SL. Data analysis: DLL, LX. Writing
manuscripts: DLL and LX. Review manuscript: XX. All
authors contributed to the manuscript and approved the
submitted version.

Funding

This study was funded by the Clinical Research Special Fund
of Wu Jieping Medical Foundation (No: 320.6750.19079), CSCO
Cancer Immunotherapy Research Fund (No: Y-XD2019-030),
and the Major Project of Hubei Provincial Health and Family
Planning Commission (No: WJ2017Z026).

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.

2. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, Sherman M, et al.
Hepatocellular carcinoma. Nat Rev Dis Primers (2016) 2:16018. doi: 10.1038/
nrdp.2016.18

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.3389/fimmu.2022.944062
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer ] Clin
(2016) 66(1):7-30. doi: 10.3322/caac.21332

4. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer ] Clin
(2013) 63(1):11-30. doi: 10.3322/caac.21166

5. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al. Sorafenib
in advanced hepatocellular carcinoma. N Engl ] Med (2008) 359(4):378-90.
doi: 10.1056/NEJMo0a0708857

6. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et al. Efficacy and safety
of sorafenib in patients in the Asia-pacific region with advanced hepatocellular
carcinoma: a phase III randomised, double-blind, placebo-controlled trial. Lancet
Oncol (2009) 10(1):25-34. doi: 10.1016/S1470-2045(08)70285-7

7. QinS,BaiY, Lim HY, Thongprasert S, Chao Y, Fan ], et al. Randomized, multicenter,
open-label study of oxaliplatin plus fluorouracil/leucovorin versus doxorubicin as
palliative chemotherapy in patients with advanced hepatocellular carcinoma from Asia.
J Clin Oncol (2013) 31(28):3501-8. doi: 10.1200/JCO.2012.44.5643

8. 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 (2017) 389(10088):2492-502. doi: 10.1016/S0140-6736(17)31046-2

9. 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

10. Yau T, Park JW, Finn RS, Cheng AL, Mathurin P, Edeline J, et al. Check
mate 45%:a randomized ,multi-center phase III study of nivolumab (NIVO) vs
sorafenib (SOR) as first-line (IL) treatment in patients (pts) with advanced
hepatocellular carcinoma (aHCC). Ann Oncol (2019) 30(Suppl_5):mdz394.029.
doi: 10.1093/annonc/mdz394.029

11. 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

12. Xu J, Shen J, Gu S, Zhang Y, Wu L, Wu J, et al. Camrelizumab in
combination with apatinib in patients with advanced hepatocellular carcinoma
(RESCUE): A nonrandomized, open-label, phase II trial. Clin Cancer Res (2021) 27
(4):1003-11. doi: 10.1158/1078-0432.CCR-20-2571

13. Yau T, Kang YK, Kim TY, El-Khoueiry AB, Santoro A, Sangro B, et al.
Efficacy and safety of nivolumab plus ipilimumab in patients with advanced
hepatocellular carcinoma previously treated with sorafenib: The CheckMate 040
randomized clinical trial. JAMA Oncol (2020) 6(11):e204564. doi: 10.1001/
jamaoncol.2020.4564

14. Li H, Qin S, Liu Y, Chen Z, Ren Z, Xiong J, et al. Camrelizumab combined
with FOLFOX4 regimen as first-line therapy for advanced hepatocellular
carcinomas: A Sub-cohort of a multicenter phase Ib/II study. Drug Des Devel
Ther (2021) 15:1873-82. doi: 10.2147/DDDT.S304857

15. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl ] Med (2020)
382(20):1894-905. doi: 10.1056/NEJMoal915745

16. RenZ, XuJ, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma
(ORIENT-32): A randomised, open-label, phase 2-3 study. Lancet Oncol (2021)
22(7):977-90. doi: 10.1016/S1470-2045(21)00252-7

17. LiJ,Qin S, Xu]J, XiongJ, Wu C, Bai Y, et al. Randomized, double-blind, placebo-
controlled phase III trial of apatinib in patients with chemotherapy-refractory advanced
or metastatic adenocarcinoma of the stomach or gastroesophageal junction. J Clin
Oncol (2016) 34(13):1448-54. doi: 10.1200/JC0O.2015.63.5995

18. Peng S, Zhang Y, Peng H, Ke Z, Xu L, Su T, et al. Intracellular autocrine
VEGF signaling promotes EBDC cell proliferation, which can be inhibited by
apatinib. Cancer Lett (2016) 373(2):193-202. doi: 10.1016/
j.canlet.2016.01.015

19. Qin S, LiQ, Gu S, Chen X, Lin L, Wang Z, et al. Apatinib as second-line or
later therapy in patients with advanced hepatocellular carcinoma (AHELP): a
multicentre, double-blind, randomised, placebo-controlled, phase 3 trial. Lancet
Gastroenterol Hepatol (2021) 6(7):559-68. doi: 10.1016/52468-1253(21)00109-6

Frontiers in Immunology

12

10.3389/fimmu.2022.944062

20. Raymond E, Faivre S, Chaney S, Woynarowski J, Cvitkovic E. Cellular and
molecular pharmacology of oxaliplatin. Mol Cancer Ther (2002) 1(3):227-35.
doi: 10.1385/M0:19:25:503

21. Pelizzaro F, Sammarco A, Dadduzio V, Pastorelli D, Giovanis P, Solda
C, et al. Capecitabine in advanced hepatocellular carcinoma: A multicenter
experience. Dig Liver Dis (2019) 51(12):1713-9. doi: 10.1016/
j.d1d.2019.06.015

22. Vincent J, Mignot G, Chalmin F, Ladoire S, Bruchard M, Chevriaux A, et al.
5-fluorouracil selectively kills tumor-associated myeloid-derived suppressor cells
resulting in enhanced T cell-dependent antitumor immunity. Cancer Res (2010) 70
(8):3052-61. doi: 10.1158/0008-5472.CAN-09-3690

23. Lesterhuis WJ, Punt CJ, Hato SV, Eleveld-Trancikova D, Jansen B]J,
Nierkens S, et al. Platinum-based drugs disrupt STAT6-mediated suppression of
immune responses against cancer in humans and mice. J Clin Invest (2011) 121
(8):3100-8. doi: 10.1172/JCI43656

24. Nowak AK, Lake RA, Marzo AL, Scott B, Heath WR, Collins EJ, et al.
Induction of tumor cell apoptosis in vivo increases tumor antigen cross-
presentation, cross-priming rather than cross-tolerizing host tumor-specific
CD8 T cells. J Immunol (2003) 170(10):4905-13. doi: 10.4049/
jimmunol.170.10.4905

25. Apetoh L, Ghiringhelli F, Tesniere A, Obeid M, Ortiz C, Criollo A, et al.
Toll-like receptor 4-dependent contribution of the immune system to anticancer
chemotherapy and radiotherapy. Nat Med (2007) 13(9):1050-9. doi: 10.1038/
nm1622

26. Kim JM, Chen DS. Immune escape to PD-L1/PD-1 blockade: seven steps to
success (or failure). Ann Oncol (2016) 27(8):1492-504. doi: 10.1093/annonc/
mdw217

27. Ramjiawan RR, Griffioen AW, Duda DG. Anti-angiogenesis for cancer
revisited: Is there a role for combinations with immunotherapy? Angiogenesis
(2017) 20(2):185-204. doi: 10.1007/s10456-017-9552-y

28. Socinski MA, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D, Nogami
N, et al. Atezolizumab for first-line treatment of metastatic nonsquamous NSCLC.
N Engl ] Med (2018) 378(24):2288-301. doi: 10.1056/NEJMoal716948

29. Freites-Martinez A, Santana N, Arias-Santiago S, Viera A. Using the
common terminology criteria for adverse events (CTCAE - version 5.0) to
evaluate the severity of adverse events of anticancer therapies. Actas
Dermosifiliogr (Engl Ed) (2021) 112(1):90-2. doi: 10.1016/j.ad.2019.05.009

30. Qin S, Ren Z, Feng YH, Cheng AL. Atezolizumab plus bevacizumab versus
sorafenib in the Chinese subpopulation with unresectable hepatocellular
carcinoma: Phase 3 randomized, open-label IMbravel50 study. Liver Cancer
(2021) 10(4):296-308. doi: 10.1159/000513486

31. Chen X, Li W, Wu X, Zhao F, Wang D, Wu H, et al. Sintilimab plus
anlotinib as first-line therapy in patients (pts) with advanced hepatocellular
carcinoma (aHCC). J Clin Oncol (2021) 39(15_suppl):e16146-6. doi: 10.1200/
JCO.2021.39.15_suppl.e16146

32. Llovet ], Shepard KV, Finn RS, Ikeda M, Sung M, Baron AD, et al. A phase ib
trial of lenvatinib (LEN) plus pembrolizumab (PEMBRO) in unresectable
hepatocellular carcinoma (uHCC): Updated results. Ann Oncol (2019) 30:v286—
7. doi: 10.1093/annonc/mdz247.073

33. Han C, Ye S, Hu C, Shen L, Qin Q, Bai Y, et al. Clinical activity and safety of
penpulimab (Anti-PD-1) with anlotinib as first-line therapy for unresectable
hepatocellular carcinoma: An open-label, multicenter, phase Ib/II trial (AK105-
203). Front Oncol (2021) 11:684867. doi: 10.3389/fonc.2021.684867

34. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fiilop A, et al.
Five-year outcomes with pembrolizumab versus chemotherapy for metastatic non-
Small-Cell lung cancer with PD-L1 tumor proportion score > 50. J Clin Oncol
(2021) 39(21):2339-49. doi: 10.1200/JC0O.21.00174

35. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
Non-small cell lung cancer, version 3.2022, NCCN clinical practice guidelines in
oncology. J Natl Compr Canc Netw (2022) 20(5):497-530. doi: 10.6004/
jncen.2022.0025

36. Rizzo A, Ricci AD. PD-L1, TMB, and other potential predictors of response
to immunotherapy for hepatocellular carcinoma: How can they assist drug clinical
trials? Expert Opin Investig Drugs (2022) 31(4):415-23. doi: 10.1080/
13543784.2021.1972969

frontiersin.org


https://doi.org/10.3322/caac.21332
https://doi.org/10.3322/caac.21166
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1016/S1470-2045(08)70285-7
https://doi.org/10.1200/JCO.2012.44.5643
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/10.1093/annonc/mdz394.029
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1158/1078-0432.CCR-20-2571
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.2147/DDDT.S304857
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1016/S1470-2045(21)00252-7
https://doi.org/10.1200/JCO.2015.63.5995
https://doi.org/10.1016/j.canlet.2016.01.015
https://doi.org/10.1016/j.canlet.2016.01.015
https://doi.org/10.1016/S2468-1253(21)00109-6
https://doi.org/10.1385/MO:19:2S:S03
https://doi.org/10.1016/j.dld.2019.06.015
https://doi.org/10.1016/j.dld.2019.06.015
https://doi.org/10.1158/0008-5472.CAN-09-3690
https://doi.org/10.1172/JCI43656
https://doi.org/10.4049/jimmunol.170.10.4905
https://doi.org/10.4049/jimmunol.170.10.4905
https://doi.org/10.1038/nm1622
https://doi.org/10.1038/nm1622
https://doi.org/10.1093/annonc/mdw217
https://doi.org/10.1093/annonc/mdw217
https://doi.org/10.1007/s10456-017-9552-y
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1159/000513486
https://doi.org/10.1200/JCO.2021.39.15_suppl.e16146
https://doi.org/10.1200/JCO.2021.39.15_suppl.e16146
https://doi.org/10.1093/annonc/mdz247.073
https://doi.org/10.3389/fonc.2021.684867
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.1080/13543784.2021.1972969
https://doi.org/10.1080/13543784.2021.1972969
https://doi.org/10.3389/fimmu.2022.944062
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Sintilimab combined with apatinib plus capecitabine in the treatment of unresectable hepatocellular carcinoma: A prospective, open-label, single-arm, phase II clinical study
	Introduction
	Materials and methods
	Determination of sample size
	Study design and patients
	Procedures
	Outcomes
	Statistical analysis

	Results
	Patient baseline characteristics
	Efficacy
	Safety
	Exploratory analysis: PD-L1 expression

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


