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Background: Currently, no second-line systemic treatment regimen has been
recommended in advanced biliary tract cancer (BTC). Cumulative clinical evidence
showed that systemic treatment with tyrosine kinase inhibitors (TKIs) in combination
with immunotherapy may shed light on the dim clinical outcome in advanced BTC.

Objective: The aim of this study is to evaluate the anticancer efficacy of lenvatinib plus
programmed cell death protein-1 (PD-1) antibody in patients with BTC who progressed
after first-line cisplatin/gemcitabine (CisGem) chemotherapy.

Methods: Patients with advanced BTCs who progressed after CisGem were recruited. A
combination regimen of lenvatinib (8/12 mg daily) plus PD-1 antibody (200/240 mg
injection every 3 weeks) was prescribed. Clinicopathological information and therapeutic
outcome, including tumor subtypes, biomarkers, treatment duration, adverse events (AE),
progression-free survival (PFS), and overall survival (OS), were recorded and estimated.

Results: A total of 351 patients with BTCs were reviewed and 74 were recruited
eventually: 35 had intrahepatic cholangiocarcinoma (47.3%), 4 had extrahepatic
cholangiocarcinoma (5.4%), and 35 had gallbladder cancer (47.3%). The median
administered cycles of PD-1 antibody were 6.43 (95% CI: 5.83–7.04) cycles, and the
median duration of lenvatinib medication was 21.0 weeks (95% CI: 18.04–23.93).
Twenty-eight patients (37.83%) experienced detectable objective response per
RECIST1.1 within a median follow-up duration of 15.0 months. The objective response
rate (ORR) was 20.27% (95% CI: 10.89%–29.65%), and the disease control rate (DCR)
was 71.62% (95% CI: 61.11%–82.14%). The median PFS and OS were 4.0 months (95%
CI: 3.5–5.0) and 9.50 months (95% CI: 9.0–11.0), respectively. Seventy-three patients
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(98.64%) reported AEs and 39 (52.70%) experienced ≥grade 3 AEs. In subgroup
analyses, tumoral PD-L1 expression ≥50% and tumor mutation burden (TMB) ≥2.5
Muts/Mb were associated with prolonged PFS.

Conclusion: Lenvatinib plus PD-1 antibody treatment shows an active trend towards
improving survival in patients with advanced BTCs after failure with CisGem
chemotherapy. The treatment-related AEs are worthy of attention and are manageable.
Keywords: lenvatinib, PD-1 inhibitor, immunotherapy, target therapy, biliary tract cancer, second-line agents
INTRODUCTION

The incidence of biliary tract cancer (BTC), formerly considered
rare, increased significantly in the last two decades globally (1).
Although increasing types of biological agents and immune-
oncology regimens emerged in hepatocellular carcinoma, there are
limited therapies available in advanced BTC. Cisplatin/gemcitabine
(CisGem)-based chemotherapy is currently recommended as the
standard first-line therapy in advanced BTCs, although both its
efficacy and tolerance are suboptimal (2). In the recent ABC-06
study, FOLFOX (folinic acid, fluoroutacil, and oxaliplatin) was
evaluated as a second-line treatment after progression with
CisGem (3). It demonstrated only a modest 1-month survival
benefit against best supportive care. This frustrating result
prompts novel effective therapeutic strategies to be tested so as to
qualify as a second- or above-line therapy.

Although immunotherapy has revolutionized the treatment
standard of several hematological and solid malignancies, its role
in advanced BTC is still unclear. Monotherapy with immune
checkpoint inhibitors (ICIs) in advanced BTC has presented
conflicting results, suggesting further investigation in agent
combination and deeper insight into subgroup selection.

Lenvatinib is an inhibitor of receptor tyrosine kinases, targeting
vascular endothelial growth factor receptors (VEGFR1–3),
fibroblast growth factor receptors (FGFR1–4), KIT, and RET (4).
Owing to its capability of inhibiting multiple kinases in nanomole
concentration, lenvatinib is now broadly used in the treatment of a
variety of solid cancers, including differentiated thyroid cancer,
hepatocellular carcinoma, and renal cell carcinoma, as a single
agent or in combination with another drug (5). Several
preliminary assessments of lenvatinib monotherapy or
combination therapy with ICIs as first- or non-first-line therapy
were reported, but the results were suboptimal and need further
validation (6–9). Hereby, we reported a single arm of patients with
refractory advanced BTCs, treated with lenvatinib plus
programmed cell death protein-1 (PD-1) antibody as a second-
or above-line systemic therapy.
MATERIALS AND METHODS

Study Design and Patients
This was a single-center retrospective study assessing the efficacy
and safety of TKI lenvatinib associated with PD-1 antibody as a
systemic therapy beyond 1st-line after the failure of CisGem
org 2
chemotherapy at a hepatobiliary specific referral center (Eastern
Hepatobiliary Surgery Hospital). BTC patients who received
lenvatinib plus PD-1 antibody synchronously or successively as
a second- or above-line systemic therapy from January 1, 2019 to
March 31, 2021 were reviewed. This study was approved by the
Institutional Ethics Committee of Shanghai Eastern Hepatobiliary
Surgery Hospital. The study protocol conformed to the principles
of the Declaration of Helsinki. The statistical analysis was
conducted according to the intention-to-treat principle. All the
data were updated and censored on February 28, 2022.

The patients with advanced BTCs who experienced progression
after CisGem in first-line therapy were permitted to enroll.
Advanced BTC was defined as initially diagnosed unresectable
BTC (pathologically proved by biopsy or surgical specimen,
multiple lesions, extrahepatic metastasis, and less future remnant
liver) or relapses after surgery. Other eligibility criteria included
good physical status with an Eastern Co-operative Oncology Group
(ECOG) performance status score of 0–2, a Child–Pugh score of 5–
6, and no severe comorbidities. The patients previously treated with
other chemotherapy regimens or immunotherapies were excluded.
Detailed information of the clinical protocol was explained to each
patient, and the written informed consent forms were collected.

Treatment Protocol
Patients were prescribed to orally take lenvatinib mesilate
capsules (Patheon Inc.) 12 mg/day for body weight ≥ 60 kg or
8 mg/day for body weight < 60 kg as standard. To avoid acute
intolerable side effects caused by lenvatinib from the start, a
stepwise manner was undertaken. Patients were encouraged to
take a reduced dose from 8 mg/day (≥60 kg) or 4 mg/day
(<60 kg) for a week before reverting to the standard dose on
day 8. Those who developed adverse events (AEs) related to
lenvatinib had their dose reduced, or had their medication
interrupted or discontinued depending on the severity. The
PD-1 antibody was intravenously administered (200 mg of
sintilimab or tislelizumab or 240 mg of nivolumab or
toripalimab) in a 3-week cycle. The medication would not be
halted unless disease progression (PD) or ≥grade 3 treatment-
related adverse event (TRAE) occurred.

Response Assessment
Clinical information and laboratory data prior to initial medication
from eligible patients were collected. Tumor evaluation was
conducted based on computed tomography (CT) or magnetic
resonance imaging (MRI). Response evaluation criteria in solid
July 2022 | Volume 13 | Article 946861
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tumor (RECIST1.1) and immunotherapy-related RECIST
(irRECIST) were utilized to evaluate tumor response (10–12). The
investigators and a panel of independent radiologists evaluated the
images separately. Any discrepancy, mainly regarding lymph node
enlargement-triggered PD and irRECIST-related partial response
(PR)/stable disease (SD), was discussed and combined. The
objective response rate (ORR) was defined as the proportion of
patients with complete response (CR) or PR of total evaluated. The
disease control rate (DCR) was defined as the proportion of patients
with CR, PR, and SD. Overall survival was calculated from the date
of medication initiation until the date of death. Progression-free
survival (PFS) was measured from the date of medication initiation
until the date of disease progression or death.

Safety Evaluation and Quality of Life
Safety was continuously evaluated every 4 weeks by manifestation
and laboratory tests, including hemogram, liver function, thyroid
function, and myocardial enzyme. TRAEs were recorded according
to National Cancer Institute Common Terminology Criteria for
Adverse Events version 5.0 (CTCAE 5.0) (13). The quality of life
(QOL) was assessed with ECOG score (14). A rising score from
baseline to 3 or higher was regarded as a significant disturbance
to QOL.

Histological Biomarker Assessment
PD-L1 expression and tumor mutation burden (TMB) were
invest igated as potential biomarkers in this study.
Immunohistochemistry was performed to determine the
expression of PD-L1 using E1L3N (PD-L1 XP Rabbit mAb,
Cell Signaling Technology, Danvers, USA) on tumor biopsy
samples. Samples with 50% or more tumor cells for PD-L1
exhibiting linear cell membranous staining were considered
positive (15, 16). The TMB was determined using next-
generation sequencing (NGS, Illumina nova seq) (17).
Genomic alterations including base substitutions, insertions,
deletions, gene rearrangement, and fusions were analyzed to
form mutation load according to the megabase (Mb) (Integrated
DNA Technologies, USA).

Statistical Analysis
The continuous and categorical variables were calculated with
the appropriate method including the Student’s t-test, the
Mann–Whitney U-test, the Chi-square test, or Fisher’s exact
test. The Kaplan–Meier method was employed to estimate the
PFS and OS, and to accomplish the survival comparison in
subgroups. The statistical analyses were performed with SPSS
21.0 for Windows (SPSS, Chicago, IL, USA) and R software 4.0.2
(R Foundation for Statistical Computing, Vienna, Austria). A p-
value < 0.05 was considered statistically significant.
RESULTS

Patients’ Baseline Characteristics
A total of 351 patients diagnosed with BTC were reviewed and 74
patients were recruited. All the patients were willing to attend the
systemic therapy. The flowchart of the study and the treatment
Frontiers in Immunology | www.frontiersin.org 3
protocol is shown in Figure 1. The cohort included 35 (47.3%) with
intrahepat ic cholangiocarcinoma (iCCA), 4 (5.4%)
with extrahepatic cholangiocarcinoma (eCCA), and 35 (47.3%)
with gallbladder cancer (GBC), with a male/female ratio of 1.55
(45/29). The median age was 62.5 years (range: 43–78). In etiology
surveillance, 24 patients (32.43%) had background liver diseases,
which included 23 (31.08%) hepatitis B virus infections. Most
patients had good physical performance except for two patients
who got an ECOG PS score of 2. Twenty-five patients had received
local regional therapy previously, including surgery (11, 14.86%),
radiotherapy (11, 14.86%), and TACE (3, 4.05%). Forty-four
patients (59.46%) had extrahepatic metastases. The baseline
patient demographics and clinical characteristics are summarized
in Table 1.

Treatment
The lenvatinib+PD-1 antibody regimen was administered as the
2nd-line systemic therapy in 54 patients (73.0%), the 3rd-line
therapy in 17 (23.0%), and the 4th-line therapy in 3 (4.1%). The
usage of PD-1 antibody injection included nivolumab (6.8%),
sintilimab (51.4%), toripalimab (24.3%), and tislelizumab
(17.6%). The median administered cycles of PD-1 antibody
were 6.43 cycles (95% CI: 5.83–7.04), and all patients received
at least 2 shots. The median duration of lenvatinib intake was
21.0 weeks (95% CI: 18.04–23.93), and all patients took
lenvatinib for at least 4 weeks. Twenty-two patients were given
reduced lenvatinib dosage in case of intolerable AEs. Sixty-three
patients discontinued treatment owing to tumor progression, 5
FIGURE 1 | The flowchart of the study illustrates the enrollment procedure
and the treatment protocol.
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discontinued due to intolerable AEs, and 6 patients remained
under medication before the cutoff date.

Efficacy
Within a median follow-up duration of 15.0 months (95% CI:
12.874–17.126), 66 (89.19%) patients were available for efficacy
assessment. Twenty-eight patients (37.83%) experienced detectable
objective response per irRECIST, while 38 patients showed
augmentation of measurable tumors. Figure 2 shows the
maximum change of the sum of measurable lesions and the best
overall response.

The ORR following lenvatinib+PD-1 antibody treatment as
the 2nd- and above-line systemic therapy in advanced BTCs was
Frontiers in Immunology | www.frontiersin.org 4
20.27% (95% CI: 10.89%–29.65%), with 0 CR (0%) and 15
(20.27%) PRs. Thirty-eight patients achieved stable disease,
and DCR was 71.62% (95% CI: 61.11%–82.14%) (Table 2).
The median PFS was 4.0 months (95% CI: 3.5–5.0), and the
PFS rate at 12 weeks was 70.0% (Figure 3A). The median OS was
9.50 months (95% CI: 9.0–11.0) and 1-year OS rate was 23%
(Figure 3B). Table 2 displays the detailed information of the
therapeutic responses. Five patients experienced a deep
regression in tumor size and did not progress until the
censored follow-up date (Figures 4A, B). The ORR in iCCA,
eCCA, and GBC was 20.69% (95% CI: 5.01%–36.4%), 33.33%
(95% CI: −110%–177%), and 23.53% (95% CI: 8.51%–38.6%),
respectively. The DCR in iCCA, eCCA, and GBC was 75.86%
(95% CI: 59.3%–92.4%), 100%, and 82.35% (95% CI: 68.9%–
95.9%), respectively (Table 3).

Tolerability and Safety
In total, 73 patients (98.64%) reported AEs and 39 (52.70%)
experienced ≥grade 3 AEs. The most common AEs were
decreased appetite (81.08%), fatigue (31.08%), elevated
aspartate aminotransferase (27.03%), hypertension (21.62%),
and diarrhea (20.27%). Detailed information of AEs is shown
in Table 4. Most patients were advised to continue taking the
medication through reduced dosage or to have medical support.
Five patients (6.76%) withdrew from treatment due to intolerable
AEs, which included 1 grade 3 diarrhea, 1 grade 3 increased
aspartate aminotransferase, 1 grade 4 immune-associated
pneumonitis (Figures 5A, B), 1 grade 3 immune-related
erythema (Figures 5C, D) and 1 grade 2 immune-associated
myocarditis. Patients with immune related AEs (irAE) were
treated with low-dose corticosteroids and recovered. The
ECOG score increased from 0/1 to 2 in 42 (56.75%) patients
after at least 4 weeks of treatment and caused a disturbance
to QOL.

Biomarkers
The spider diagram illustrated the serum CA19-9 concentration
change in treatment duration (Supplementary Figure 1A). The
change flow was well correlated to the tumor regression and
progression accordingly with an area under the curve of 0.554
(Supplementary Figure 1B).

The genomic profile of PD-L1 expression and TMB was
available in 22 patients. Tumoral PD-L1 staining (Figures 4C, D)
was positive (≥50% cells as cutoff) in 8 patients (36.36%), 6 of whom
(75.0%) achieved objective response and all patients had their
disease controlled. Compared with negative expression, patients
with tumoral PD-L1 expression presented prolonged PFS (5.50
months, 95% CI: 2.035–8.965 vs. 4.00 months, 95% CI: 3.414–4.586;
p = 0.004), but not OS (13.00 months, 95%CI: 9.741–16.259 vs. 8.50
months, 95% CI: 5.778–11.222; p = 0.064) (Figure 6A).

The cutoff value of TMBwas set at 2.5Muts/Mb according to the
average value released on The Cancer Genome Atlas (TCGA)
website. Ten patients had higher TMB (≥2.5 Muts/Mb), and
subgroup survival analysis revealed a prolonged PFS (5.00
months, 95% CI: 2.934–7.066, p = 0.036) in the higher TMB
group, but not OS (12.0 months, 95% CI: 8.964–15.036, p =
0.092) (Figure 6B).
TABLE 1 | Baseline demographics.

Parameters Subjects (N=74)

Gender, n (%)
Male 45 (60.8%)
Female 29 (39.2%)

Age years, (median, range) 62.5 (43–78)
Age group
<60 years 26 (35.1%)
≥60 48 (46.9%)

ECOG performance, n (%)
0 33 (44.6%)
1 39 (52.7%)
2 2 (2.7%)

Tumor subtype, n (%)
Intrahepatic cholangiocarcinoma 35 (47.3%)
Extrahepatic cholangiocarcinoma 4 (5.4%)
Gallbladder cancer 35 (47.3%)

Background liver diseases, n (%) 24 (32.4%)
Hepatitis B virus infection, n (%) 23 (31.1%)
Previous local regional therapy, n (%)
Surgery 11 (14.9%)
Radiation 11 (14.9%)
Transarterial chemo-emblization 3 (4.1%)

Child–Pugh score, n (%)
5 62 (83.8%)
6 20 (13.5%)
7 2 (2.7%)

CA19-9, n (%)
<500 mg/L 27 (36.5%)
≥500 mg/L 47 (63.5%)

Extrahepatic metastasis, n (%)
Yes 30 (40.5%)

Measurable lesions burden, n (%)
<3 54 (73.0%)
≥3 20 (27.0%)

TNM stage
T3N0M0 22 (29.7%)
T1-3N1M0 27 (36.4%)
T4N0-1M0 6 (8.1%)
TanyN2 or anyM0 or 1 19 (25.6%)

White cell counts, (median×109/L, Range) 7.10 (4.09–9.93)
Platelet counts, (median×109/L, Range) 174.5 (57–299)
Prior chemotherapy cycles, n (%)
<6 cycles 43 (58.1%)
≥6 cycles 31 (41.9%)

Line
2nd line, n (%) 54 (73.0%)
3rd line, n (%) 17 (23.0%)
4th line, n (%) 3 (4.1%)
Data were presented as n (%) or median with range as appropriate.
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DISCUSSION

This study evaluated the efficacy and safety of the two-drug
regimen, lenvatinib plus PD-1 inhibitor, as a second- or above-
line systemic therapy in refractory advanced BTCs. The results
showed an ORR of 20.27% (95% CI: 10.89%–29.65%) and a DCR
of 71.62% (95% CI: 61.11%–82.14%), with a median OS of 9.5
months. A total of 98.64% patients developed any-grade AEs and
52.70% developed grade 3/4 AEs. The results were similar to
those of recent studies involving a single agent and combined
Frontiers in Immunology | www.frontiersin.org 5
regimens treating refractory advanced BTCs (7, 15, 18–21). This
combination regimen prolonged the survival duration in both
second- and above-line systemic therapies, without significant
difference (p = 0.809). Additionally, this study found that 56.75%
of the population got a worse ECOG physical score, which partly
played a negative role in ensuring patients’ compliance.

The long-term survival of patients with BTCs was dismal, with
5-year survival rates of 10%–50% (1, 21). ABC-01 and ABC-02
clinical trials established the standard of CisGem as a first-line
systemic therapy in local advanced andmetastatic BTCs (2, 22). The
TABLE 2 | Treatment summary and therapeutic responds.

Category Outcome

Lenvatinib regimen duration (weeks, median, range) 18.5 (6–69)
PD-1 cycles (n, median, range) 6 (2–14)
Complete response (CR, n, %) 0 (0%)
Partial response (PR, n, %) 15 (20.3%)
Stable disease (SD, n, %) 38 (51.4%)
Progression disease (PD, n, %) 13 (17.6%)
ORR 20.27% (95% CI: 10.89%–29.65%)
DCR 71.62% (95% CI: 61.11%–82.14%)
July
PD-1, programmed cell death protein-1; ORR, objective response rate; DCR, disease control rate.
A B

FIGURE 2 | (A) The maximum of change of the sum of the target lesions; (B) best overall response per RECIST1.1 according to the tumor subtypes. The ORR and
DCR were 22.7% and 71.62%, respectively.
A B

FIGURE 3 | (A) The PFS rate on 12 weeks and 24 weeks were 70% and 18%, respectively, with a median PFS of 4.0 months. (B) The median OS was 9.5 months
(95% CI: 9.0–11.0) and the OS rate of 1 year was 23%.
2022 | Volume 13 | Article 946861
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FIGURE 4 | A patient with iCCA received lenvatinib+sintilimab as 2nd-line systemic therapy. The CT images before (A) and after (B) nearly 1-year therapy showed a
significant shrinkage of the target lesion, which was mainly located in the left hemi-liver and invaded the left branch of portal vein. (C) Shows the HE staining of the
tumor and (D) displays the photomicrographs of immunohistochemistry staining of PD-L1 expression.
TABLE 3 | Objective response rate/Disease control rate.

Tumor subtype ORR DCR

iCCA 20.69% (95% CI: 5.01%–36.4%) 75.86% (95% CI: 59.3%–92.4%)
eCCA 33.33% (95% CI: −110%–177%) 100%
GBC 23.53% (95% CI: 8.51%–38.6%) 82.35% (95% CI: 68.9%–95.9%)
Frontiers in Immunology | www.frontiersin.org
 July 206
ORR, objective response rate; DCR, disease control rate; iCCA, intrahepatic cholangiocarcinoma; eCCA, extrahepatic cholangiocarcinoma; GBC, gallbladder cancer.
TABLE 4 | Adverse events ranking.

Events Any AE (n, %) Grade 1–2 AEs (n, %) ≥Grade 3 AEs (n, %)

Total 73 (98.64%) 60 (81.08%) 39 (52.70%)
Decreased appetite 60 (81.08%) 56 (75.68%) 13 (17.57%)
Fatigue 23 (31.08%) 23 (31.08%) 7 (9.46%)
Elevated aspartate aminotransferase 20 (27.03%) 16 (21.62%) 4 (5.41%)
Hypertension 16 (21.62%) 14 (18.92%) 8 (10.81%)
Diarrhea 15 (20.27%) 10 (13.51%) 5 (6.76%)
Abdominal pain 11 (14.86%) 10 (13.51%) 1 (1.35%)
Nausea 10 (13.51%) 10 (13.51%) -
Palmar plantar erythrodysesthesia syndrome 9 (12.16%) 9 (12.16%) -
Thrombocytopenia 9 (12.16%) 9 (12.16%) -
Anemia 9 (12.16%) 8 (10.81%) 1 (1.35%)
Headache 8 (10.81%) 8 (10.81%) -
Erythema 7 (9.46%) 7 (9.46%) 2 (2.70%)
Proteinuria 6 (8.11%) 6 (8.11%) -
Hypothyroidism 5 (6.76%) 5 (6.76%) -
Myalgia 4 (5.41%) 4 (5.41%) -
Alopecia 3 (4.05%) 3 (4.05%) -
Immune-associated pneumonitis 2 (2.70%) 1 (1.35%) 1 (1.35%)
Immune-associated myocarditis 1 (1.35%) 1 (1.35%) -
22 | Volum
AE, adverse event.
e 13 | Article 946861
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ABC-06 trial explored the effectiveness of the FOLFOX regimen as a
second-line chemotherapy after progression (3). This study reported
a median OS, 6-month survival rate, and 12-month survival of 6.2
months, 50.6%, and 25.9%, respectively, in the FOLFOX plus active
symptom control population, which showed a significant
improvement in survival compared with the active symptom
control group. However, it also reported relatively high AE rates,
with a 52% incidence rate of grade 3–5 AEs. Three patients died due
to chemotherapy-related adverse effects. Considering its limited
survival benefit and high adverse effects, the FOLFOX regimen
Frontiers in Immunology | www.frontiersin.org 7
might not be an ideal second-line therapy in refractory
advanced BTCs.

Efforts were made to find potential targeted strategies in treating
BTCs, including multiple pathways like angiogenesis, human
epidermal growth factor receptor family, and other actionable
targets (23, 24). Several existing and emerging molecular targeted
agents were tested as second-line therapy. In the REACHIN study,
66 patients diagnosed with BTC who had already progressed to
CisGem chemotherapy were randomized in a phase II study to
receive regorafenib or placebo (25). Although the regorafenib group
FIGURE 5 | One patient experienced a grade 4 immune-related pneumonitis (A) and recovered following corticosteroid injection (B). Another patient developed
severe erythema that affected more than 80% of the skin area (C: back; D: thigh and legs), but the inner environment was not bothered.
A

B

FIGURE 6 | (A) The Kaplan–Meier method estimated the survival length in PD-L1-positive/-negative subgroups and found a marginal superiority for RFS in the PD-
L1 positive group. (B) A significant longer PFS was observed in the higher TMB subgroup.
July 2022 | Volume 13 | Article 946861
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showed an improved PFS versus the placebo group (3.0 months,
95% CI: 2.3–4.9 vs. 1.5 months, 95% CI: 1.2–2.0, p = 0.004), no
patients reached objective response and no survival benefit was
found regarding OS. The result showed that the addition of
sorafenib to gemcitabine did not demonstrate improved efficacy
in advanced BTC patients. Recently, the efficacy and safety of
lenvatinib in treating advanced BTC were evaluated in a single-
arm study (18). Forty-one patients with histologically confirmed
BTCs received 8 mg (weight < 60 kg) or 12 mg (weight ≥ 60 kg) of
lenvatinib orally per day. The ORR was 12%, with a median PFS of
3.8 months and an OS of 11.4 months. Up to 95.1% patients in total
experienced TRAEs. In a phase II study of lenvatinib monotherapy
as a 2nd-line treatment, the ORR was 11.5% and the ≥grade 3 AEs
occurred in 80.8% of total patients (20). The median PFS and
median OS were 3.19 months per investigator assessment and 7.35
months, respectively. In another study in China, with
pembrolizumab combined with lenvatinib as a non-first-line
therapy, the ORR and the DCR were 25% and 78.1%,
respectively. The median PFS and median OS were 4.9 months
and 11.0 months, respectively (7). Our results on lenvatinib plus
PD-1 antibody showed a close survival benefit with an mPFS of 4.0
months and an mOS of 9.5 months. This indicated that
accumulated clinical practices would probably pave the way to
expand the usage of targeted agents combined with ICIs in
advanced BTCs. There are several ongoing clinical trials
regarding the lenvatinib plus ICIs combination regimen.
Supplementary Table 1 summarizes the ongoing trials registered
on clinicaltrials.gov.

Among patients who progressed from the first-line CisGem
regimen, their AE experiences in chemotherapy may probably be
an obstacle to achieve good compliance in subsequent
treatments, especially in a TKI/PD-1 antibody combination
regimen. The two-drug pembrolizumab plus lenvatinib
regimen reportedly obtained a 100% and 59.3% rate of any-
grade AEs and ≥grade 3 AEs, respectively (7). In a systematic
review evaluating the safety and efficacy of pembrolizumab plus
lenvatinib in cancers, ≥grade 3 AEs occurred in 68.0% of all
patients (26). Our result showed a 98.64% occurrence rate of
any-grade AEs and a 48.65% occurrence rate of ≥grade 3 AEs,
even under a stepwise manner. The treatment was called off in
five patients due to intolerable AEs. More than half of the
patients (56.75%) reported a decline in QOL related to the
treatment, which should not be neglected.

The prognostic value of the tumoral expression of PD-L1 and
a higher TMB in molecular targeted therapy and
immunotherapy were not validated. Korean researchers
reported a 71% positive (defined as ≥1% cells stained) rate of
PD-L1 in BTCs, and the ORR with pembrolizumab treatment
was improved in the PD-L1 expression ≥ 50% subgroup (16). In
another study, KRAS alteration and chromosomal instability
tumors were associated with resistance to immunotherapy, and
the majority of patients (95.0%) with these resistance factors
showed no clinical benefit to PD-1/PD-L1 blockade and
harbored low TMB (27). Germline or somatic mutations in
DNA damage repair (DDR) genes were found in 63.5% of
patients with BTC and were significantly associated with
Frontiers in Immunology | www.frontiersin.org 8
longer survival while receiving first-line platinum-containing
chemotherapies (28). Our study, with a limited sample size,
showed a probability of survival benefit regarding PFS in tumoral
PD-L1 expression ≥50% or in TMB ≥2.5 Muts/Mb. Cumulative
research indicated that BTCs held scores of mutational varieties
in genomic profiling. It is still a long way to go in finding
genomic prognostic biomarkers in BTC.

This study has its share of limitations. Firstly, this study
was retrospectively designed with a relatively small sample
size, which might contribute to the sample bias. Secondly, the
contribution of the three different anatomical locations
derived from BTCs was not balanced, and a subtype
analysis was not available due to the limited sample size. A
relatively small proportion of patients with advanced
eCCAs received systemic therapy owing to a constantly
uncompensated liver function caused by biliary tract
obstruction. This might be the reason why only three
patients with eCCA were enrolled in this study. Lastly, a
marginal survival benefit was detected in the PD-L1-positive
or high TMB profile subgroup. Further investigation is
necessary due to the limited sample size.
CONCLUSION

Lenvatinib plus PD-1 blockade played an active role in the
treatment of patients with advanced refractory BTCs who
progressed following CisGem chemotherapy. A moderate
proportion of treatment-related AEs could not be neglected in
practice, though they could be treated with further observation
and care.
DATA AVAILABILITY STATEMENT

The data presented in the study are deposited in the Sequence
Read Archive (SRA), https://www.ncbi.nlm.nih.gov/sra. The
accession number is PRJNA857805.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Ethics Committee of Shanghai
Eastern Hepatobiliary Surgery Hospital. The patients/
participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

SC, XF, WD and YJ designed this study. LY, YC, QL, TL,XC, YQ
and ZY collected the data and perform the follow-up. SC, LY,
and YC performed or supervised analyses. SC, WD, and
XF interpreted the results. SC, LY and YC wrote the
July 2022 | Volume 13 | Article 946861

https://www.ncbi.nlm.nih.gov/sra
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Shi et al. Lenvatinib/PD-1 Inhibitor in Biliary Tract Cancer
original manuscript. WD and XF revised the manuscript. All
authors reviewed the manuscript and approved the final
version submitted.
FUNDING

This research has received funding from the Shanghai Municipal
Health Commission Program (202140362), the Natural Science
Foundation of Shanghai (Grant No. 16ZR1449200), and the
Shanghai Shen Kang Hospital Development Center Planning
(Grant No. SHDC12017X14).
Frontiers in Immunology | www.frontiersin.org 9
ACKNOWLEDGMENTS

We thank all the patients and their families for their participation
and thank Ms. Wang Yalin from MSD medical affairs for her
contribution in terms of material support.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.
946861/full#supplementary-material
REFERENCES

1. Brindley PJ, Bachini M, Ilyas SI, Khan SA, Loukas A, Sirica AE, et al.
Cholangiocarcinoma. Nat Rev Dis Primers (2021) 7(1):65. doi: 10.1038/
s41572-021-00300-2

2. Valle JW, Wasan H, Johnson P, Jones E, Dixon L, Swindell R, et al.
Gemcitabine Alone or in Combination With Cisplatin in Patients With
Advanced or Metastatic Cholangiocarcinomas or Other Biliary Tract
Tumours: A Multicentre Randomised Phase II Study - The UK ABC-01
Study. Br J Can (2009) 101(4):621–7. doi: 10.1038/sj.bjc.6605211

3. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, Arora A, et al. Advanced
Biliary Cancer Working GroupSecond-Line FOLFOX Chemotherapy Versus
Active Symptom Control for Advanced Biliary Tract Cancer (ABC-06): A
Phase 3, Open-Label, Randomised, Controlled Trial. Lancet Oncol (2021) 22
(5):690–701. doi: 10.1016/S1470-2045(21)00027-9

4. Ogasawara S, Mihara Y, Kondo R, Kusano H, Akiba J, Yano H.
Antiproliferative Effect of Lenvatinib on Human Liver Cancer Cell Lines In
Vitro and In Vivo. Anticancer Res (2019) 39(11):5973–82. doi: 10.21873/
anticanres.13802

5. Hao Z, Wang P. Lenvatinib in Management of Solid Tumors. Oncologist.
(2020) 25(2):e302–10. doi: 10.1634/theoncologist.2019-0407

6. Zhang Q, Liu X, Wei S, Zhang L, Tian Y, Gao Z, et al. Lenvatinib Plus PD-1
Inhibitors as First-Line Treatment in Patients With Unresectable Biliary Tract
Cancer: A Single-Arm, Open-Label, Phase II Study. Front Oncol (2021)
11:751391. doi: 10.3389/fonc.2021.751391

7. Lin J, Yang X, Long J, Zhao S, Mao J, Wang D, et al. Pembrolizumab
Combined With Lenvatinib as Non-First-Line Therapy in Patients With
Refractory Biliary Tract Carcinoma.Hepatobiliary Surg Nutr (2020) 9(4):414–
24. doi: 10.21037/hbsn-20-338

8. Dreikhausen L, Kusnik A, Schulte N, Eckardt M, Teufel A, Gaiser T,
et al . Durable Response With Lenvatinib and Pembrolizumab
Combination Therapy in a Patient With Pre-Treated Metastatic
Cholangiocarcinoma. J Gastrointestin Liver Dis (2021) 30(3):409–10.
doi: 10.15403/jgld-3730

9. ChenWX, Li GX, Hu ZN, Zhu P, Zhang BX, Ding ZY. Significant Response to
Anti-PD-1 Based Immunotherapy Plus Lenvatinib for Recurrent Intrahepatic
Cholangiocarcinoma With Bone Metastasis: A Case Report and Literature
Review. Med (Baltimore) (2019) 98(45):e17832. doi: 10.1097/MD.
0000000000017832

10. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New Response Evaluation Criteria in Solid Tumours: Revised RECIST
Guideline (Version 1.1). Eur J Can (2009) 45(2):228–47. doi: 10.1016/
j.ejca.2008.10.026

11. Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz LH, Mandrekar S, et al.
RECIST Working Group. iRECIST: Guidelines for Response Criteria for Use
in Trials Testing Immunotherapeutics. Lancet Oncol (2017) 18(3):e143–52.
doi: 10.1016/S1470-2045(17)30074-8

12. Hodi FS, Ballinger M, Lyons B, Soria JC, Nishino M, Tabernero J, et al.
Immune-Modified Response Evaluation Criteria In Solid Tumors
(imRECIST): Refining Guidelines to Assess the Clinical Benefit of Cancer
Immunotherapy. J Clin Oncol (2018) 36(9):850–8. doi: 10.1200/
JCO.2017.75.1644
13. 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

14. Ma C, Bandukwala S, Burman D, Bryson J, Seccareccia D, Banerjee S, et al.
Interconversion of Three Measures of Performance Status: An Empirical
Analysis. Eur J Can (2010) 46(18):3175–83. doi: 10.1016/j.ejca.2010.06.126

15. Kang J, Jeong JH, Hwang HS, Lee SS, Park DH, Oh DW, et al. Efficacy and
Safety of Pembrolizumab in Patients With Refractory Advanced Biliary Tract
Cancer: Tumor Proportion Score as a Potential Biomarker for Response.
Cancer Res Treat (2020) 52(2):594–603. doi: 10.4143/crt.2019.493

16. Ahn S, Lee JC, Shin DW, Kim J, Hwang JH. High PD-L1 Expression is
Associated With Therapeutic Response to Pembrolizumab in Patients With
Advanced Biliary Tract Cancer. Sci Rep (2020) 10(1):12348. doi: 10.1038/
s41598-020-69366-4

17. Antoniotti C, Korn WM, Marmorino F, Rossini D, Lonardi S, Masi G, et al.
TumourMutational Burden,Microsatellite Instability, and Actionable Alterations
in Metastatic Colorectal Cancer: Next-Generation Sequencing Results of TRIBE2
Study. Eur J Can (2021), 155:73–84. doi: 10.1016/j.ejca.2021.06.037

18. Wang Y, Yang X, Wang D, Yang X, Wang Y, Long J, et al. Lenvatinib Beyond
First-Line Therapy in Patients With Advanced Biliary Tract Carcinoma. Front
Oncol (2022) 12:785535. doi: 10.3389/fonc.2022.785535

19. Kim RD, Chung V, Alese OB, El-Rayes BF, Li D, Al-Toubah TE, et al. A Phase
2 Multi-Institutional Study of Nivolumab for Patients With Advanced
Refractory Biliary Tract Cancer. JAMA Oncol (2020) 6(6):888–94.
doi: 10.1001/jamaoncol.2020.0930

20. Ueno M, Ikeda M, Sasaki T, Nagashima F, Mizuno N, Shimizu S, et al. Phase 2
Study of Lenvatinib Monotherapy as Second-Line Treatment in Unresectable
Biliary Tract Cancer: Primary Analysis Results. BMC Can (2020) 20(1):1105.
doi: 10.1186/s12885-020-07365-4

21. Pavicevic S, Reichelt S, Uluk D, Lurje I, Engelmann C, Modest DP, et al.
Prognostic and Predictive Molecular Markers in Cholangiocarcinoma.
Cancers (Basel) (2022) 14(4):1026. doi: 10.3390/cancers14041026

22. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A,
et al. ABC-02 Trial Investigators. Cisplatin Plus Gemcitabine Versus
Gemcitabine for Biliary Tract Cancer. N Engl J Med (2010) 362(14):1273–
81. doi: 10.1056/NEJMoa0908721

23. Valle JW, Lamarca A, Goyal L, Barriuso J, Zhu AX. New Horizons for
Precision Medicine in Biliary Tract Cancers. Cancer Discovery (2017) 7
(9):943–62. doi: 10.1158/2159-8290.CD-17-0245

24. Lamarca A, Barriuso J, McNamara MG, Valle JW. Molecular Targeted
Therapies: Ready for "Prime Time" in Biliary Tract Cancer. J Hepatol
(2020) 73(1):170–85. doi: 10.1016/j.jhep.2020.03.007

25. Demols A, Borbath I, Van den Eynde M, Houbiers G, Peeters M, Marechal R,
et al. Regorafenib After Failure of Gemcitabine and Platinum-Based
Chemotherapy for Locally Advanced/Metastatic Biliary Tumors: REACHIN,
a Randomized, Double-Blind, Phase II Trial. Ann Oncol (2020) 31(9):1169–
77. doi: 10.1016/j.annonc.2020.05.018

26. Mo DC, Luo PH, Huang SX, Wang HL, Huang JF. Safety and Efficacy of
Pembrolizumab Plus Lenvatinib Versus Pembrolizumab and Lenvatinib
Monotherapies in Cancers: A Systematic Review. Int Immunopharmacol
(2021) 91:107281. doi: 10.1016/j.intimp.2020.107281
July 2022 | Volume 13 | Article 946861

https://www.frontiersin.org/articles/10.3389/fimmu.2022.946861/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.946861/full#supplementary-material
https://doi.org/10.1038/s41572-021-00300-2
https://doi.org/10.1038/s41572-021-00300-2
https://doi.org/10.1038/sj.bjc.6605211
https://doi.org/10.1016/S1470-2045(21)00027-9
https://doi.org/10.21873/anticanres.13802
https://doi.org/10.21873/anticanres.13802
https://doi.org/10.1634/theoncologist.2019-0407
https://doi.org/10.3389/fonc.2021.751391
https://doi.org/10.21037/hbsn-20-338
https://doi.org/10.15403/jgld-3730
https://doi.org/10.1097/MD.0000000000017832
https://doi.org/10.1097/MD.0000000000017832
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/S1470-2045(17)30074-8
https://doi.org/10.1200/JCO.2017.75.1644
https://doi.org/10.1200/JCO.2017.75.1644
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1016/j.ejca.2010.06.126
https://doi.org/10.4143/crt.2019.493
https://doi.org/10.1038/s41598-020-69366-4
https://doi.org/10.1038/s41598-020-69366-4
https://doi.org/10.1016/j.ejca.2021.06.037
https://doi.org/10.3389/fonc.2022.785535
https://doi.org/10.1001/jamaoncol.2020.0930
https://doi.org/10.1186/s12885-020-07365-4
https://doi.org/10.3390/cancers14041026
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.1158/2159-8290.CD-17-0245
https://doi.org/10.1016/j.jhep.2020.03.007
https://doi.org/10.1016/j.annonc.2020.05.018
https://doi.org/10.1016/j.intimp.2020.107281
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Shi et al. Lenvatinib/PD-1 Inhibitor in Biliary Tract Cancer
27. Yoon JG, Kim MH, Jang M, Kim H, Hwang HK, Kang CM, et al. Molecular
Characterization of Biliary Tract Cancer Predicts Chemotherapy and
Programmed Death 1/Programmed Death-Ligand 1 Blockade Responses.
Hepatology. (2021) 74(4):1914–31. doi: 10.1002/hep.31862

28. Chae H, Kim D, Yoo C, Kim KP, Jeong JH, Chang HM, et al. Therapeutic
Relevance of Targeted Sequencing in Management of Patients With
Advanced Biliary Tract Cancer: DNA Damage Repair Gene Mutations as
a Predictive Biomarker. Eur J Can (2019) 120:31–9. doi: 10.1016/j.ejca.
2019.07.022

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.
Frontiers in Immunology | www.frontiersin.org 10
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 © 2022 Shi, Li, Yang, Qiao, Tang, Zheng, Chen, Qian, Yang, Wu and Xie.
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.
July 2022 | Volume 13 | Article 946861

https://doi.org/10.1002/hep.31862
https://doi.org/10.1016/j.ejca.2019.07.022
https://doi.org/10.1016/j.ejca.2019.07.022
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Lenvatinib Plus Programmed Cell Death Protein-1 Inhibitor Beyond First-Line Systemic Therapy in Refractory Advanced Biliary Tract Cancer: A Real-World Retrospective Study in China
	Introduction
	Materials and methods
	Study Design and Patients
	Treatment Protocol
	Response Assessment
	Safety Evaluation and Quality of Life
	Histological Biomarker Assessment
	Statistical Analysis

	Results
	Patients’ Baseline Characteristics
	Treatment
	Efficacy
	Tolerability and Safety
	Biomarkers

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	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


