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Background: Programmed death receptor-1 (PD-1) blockade shows little benefit in
patients with microsatellite-stable colorectal cancer (MSS-CRC). Fruquintinib is a China-
made anti-angiogenic drug which is approved for the third line therapy in mCRC. This
study investigates the effect of the combination of fruquintinib and PD-1 blockade on
MSS-CRC and its relative mechanisms.

Methods: The mouse allograft tumor models that represent MSS and microsatellite
instability (MSI) CRC were established using murine CT26 and MC38 colon cancer cells,
respectively, to assess the treatment efficacy. The percentages of immune cells were
detected in the peripheral blood, spleen and tumor tissues in the tumor-bearing mice by
flow cytometry analysis. Angiogenesis in tumor tissues was detected by
immunofluorescence. The safety of drug treatment was evaluated by histopathology
analysis in murine main organs. The efficacy of the combination of fruquintinib and
sintilimab were verified in the treatment of MSS-CRC patients.

Results: Our results showed that the combination of fruquintinib and sintilimab exhibited
the strongest inhibition of tumor growth and achieved the longest survival time in mice
bearing MC38 or CT26 xenograft tumors, compared to fruquintinib and sintilimab alone.
Mechanistically, the combination of fruquintinib and sintilimab reduced angiogenesis,
reprogramed the vascular structure, enhanced the infiltration of CD8'T cells (p<0.05),
CD8*TNFa" (p<0.05) T cells and CD8*IFNy* (p<0.05) T cells and reduced the ratios of
MDSCs and macrophages in mice. There was no obvious toxicity observed in the main
organs of the tumor-bearing mice with the combined treatment. Moreover, the treatment
using the combination of fruquintinib and sintilimab achieved effective response in five
patients with refractory advanced MSS CRC.
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Conclusion: Our results show that the combination of fruquintinib and sintilimab greatly
inhibits CRC growth by altering tumor immune microenvironment. This study provides the
rational for using the combination of fruquintinib and anti-PD-1 antibody for the treatment

of advanced CRC.

Keywords: fruquintinib, sintilimab, immunotherapy, microsatellite stable colorectal cancer, anti-angiogenesis

INTRODUCTION

Colorectal cancer is the second most common cause of cancer-
related death worldwide (1).The latest research results have
showed that the use of pembrolizumab as the first-line therapy
for metastatic colorectal cancer (mCRC) with high microsatellite
instability (MSI-H) or deficiency mismatch repair ({MMR) gene
few treatment-related adverse events (2). Nivolumab plus
ipilimumab demonstrated high response rates, promoting
progression-free survival, manageable safety, and meaningful
improvements in patients with dMMR/MSI-H mCRC (3).
Although immunotherapy has achieved significant effects on
advanced colon cancer- MSI-H or dMMR (4-6), the therapy is
limited in 80%-90% advanced colon cancer patients-with low
microsatellite instability(MSI-L) or proficiency mismatch repair
genes (pMMR) (4, 7, 8). The results of the clinical trial
IMblaze370 have underlined the challenge of immunotherapy
in patients with microsatellite-stable metastatic colorectal
cancer (9).

The significant effect of anti-PD-1 antibody treatment in
patients with MSI-H colon cancer can be explained by its high
tumor mutation burden (4-6). However, the tumor mutation
burden alone cannot fully explain the lack of response of MSS to
PD-1 antibodies (10, 11). Compared with other types of cancers,
including cervical cancer, hepatocellular carcinoma, breast
cancer and so on, that have similar mutation burden observed
in MSS colon cancer patients, the anti-PD-1 antibody response
rate is between 5.7%and 61.7% (10), indicating that there may be
other factors that influence the immunity response. Our previous
studies showed that bone marrow-derived myofibroblasts
(BMFs)-rich tumors had relatively poor response to PD-L1
blockade immunotherapy and provided a novel insight into the
mechanism tumor resistance to immunotherapy (12).
Angiogenesis is critical in the process of colon carcinogenesis.
One of the most important factors for angiogenesis is the VEGF/
VEGEFR axis.VEGF secreted by cancer cells stimulates the
proliferation and survival of endothelial cells leading to change
of vascular permeability and neo-angiogenesis (13).VEGF can
have a direct effect on multiple immune cells, including T cells,
regulatory T cells, dendritic cells, and myeloid derived
suppressor cells (14). There are two major approaches for
targeting VEGF/VEGFR axis as anti-cancer therapies: the
neutralization antibody of VEGF (monoclonal antibodies) and
the small molecule inhibitors that block the activity of VEGFR
kinases. Bevacizumab is the most successful antibody for
neutralizing VEGF.

The combination of immunotherapy with anti-angiogenesis
agents is one of the many strategies currently under investigation

to improve tumor response to immunotherapy (15).
Fruquintinib (HMPL-013) is a small molecule inhibitor with
strong potency and high selectivity against VEGFR1, 2, and 3 and
was approved for the third line therapy in metastatic colon
cancer in China. Fruquintinib is currently being registered in
clinical study for the third line therapy in metastatic colon cancer
outside China (16, 17). It has good safety and effectiveness in
clinical patients. However, it is not known whether combining
fruquintinib and anti-PD-1 therapy could enhance its
effectiveness in CRC. The effect of the combination of
fruquintinib and anti-PD-1 in MSS colon cancer has not been
examined and the detailed mechanism of action has not been
elucidated. The REGONIVO study found that nivolumab plus
regorafenib had an ORR of 36% and a median PFS of 7.9 months
in 25 patients with metastatic colorectal cancer who progressed
after standard therapies (18). Our previous results have indicated
that the MDSCs are important in the early stages of gastric
carcinogenesis because of its pro-inflammatory role (19).

Here, we hypothesized that the combination of anti-PD-1
treatment with fruquintinib could enhance the antitumor immune
response in MSS CRC. We explored whether fruquintinib could
synergize with anti-PD-1 in MSS CRC by reducing angiogenesis and
improving the tumor immune environments.

MATERIALS AND METHODS

Cells and Culture Conditions

The MC38 and CT26 murine colorectal cancer cells and
HUVECs were from the American Type Culture Collection
(ATCC). These cell lines were cultured in complete RPMI-
1640 medium, supplemented with 10% fetal bovine serum,
2mM L-glutamine, 1% (v/v) penicillin/streptomycin and
maintained at 37°C in 5% CO.,.

Animals

The 6-week-old female C57BL/6] and BALB/c mice were
purchased from Shanghai Laboratory Animal Center
(Shanghai, China). Animal experiments were approved in
accordance with the guidelines issued by the Animal Ethics
Committee of Ruijin Hospital, Shanghai Jiaotong University
School of Medicine (Shanghai China).

Tumor Models

For the subcutaneous tumor mouse models, 1 x 10° MC38 or
CT26 colorectal cancer cells were resuspended in 200ul of serum-
free RPMI-1640 medium and injected subcutaneously into the
right flank of C57BL/6] and BALB/c mice, respectively. Six or
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eight days after MC38 and CT26 cell inoculation, the tumor-
bearing mice were randomly assigned to four or six groups (n = 5-
6 per group) according to mean tumor volume. Tumor volumes
were monitored every three days with a Venire caliper, and the
body weight of mice was monitored every three days. Tumor
volumes were calculated using the formula (length x width x
width)/2. All data were represented as means+ SD.

Drugs Information and Treatments
Fruquintinib (HMPL-013) was a gift from Hutchison MediPharma
Limited (Shanghai, China). The anti-PD-1antibody- Sintilimab (cat:
11430) was a gift from Innovent Biologics Suzhou, China. CMC-Na
(carboxymethyl cellulose-Na solution) was purchased from Sangon
Biotech (Shanghai, China) and 0.5%CMC-Na (w/v) dissolved in
sterilized water was used for oral gavage (po. 200ul every day, total
21 days) as control treatment. Fruquintinib was completely
dissolved in 0.5%CMC-Na and was gavaged as 2.5mg/kg,5mg/kg
or 10mg/kg (200ul every day, total 21 days); Sintilimab, an anti-PD-
1 antibody, provided by Innovent Biologics, was diluted to 2.5mg/kg
(200ul,twice a week, total two weeks).The treatment was began at
day 8.or day 6 after tumor cell inoculation.

Single Cell Suspensions

Tumor tissues were washed in phosphate buffered saline (PBS),
minced into small fragments and then incubated in collagenase
solution (1 mg/mL collagenase IV obtained from Sigma in PBS)
and DNase (500ug/ml) at 37°C for 30 min. The spleen and
peripheral blood were homogenized and passed through a 70 pm
cell strainer to achieve single cell suspensions. Red blood cells
were lysed.

Flow Cytometry Analysis

Single-cell suspensions were incubated with anti-mouse CD16/32
antibody (clone 93; Biolegend, San Diego, CA) for 5 minutes prior
to staining for immune cell markers for 15 minutes at room
temperature. The following monoclonal antibodies were used:
APC-CY7 conjugated anti-mouse CD45 (BD Biosciences
Cat:557659 Clone:30-F11), FITC conjugated anti-mouse CD11b
(Biolegend Cat:101205 Clone:M1/70), APC conjugated anti-mouse
Gr1(Biolegend Cat:108412,Clone: RB6-8C5), FITC conjugated anti-
mouse CD8a(Biolegend Cat:100706 Clone:53-6.7), PE conjugated
anti-mouseCD4(BD Biosciences Cat:553048 Clone: RM4-5), APC
conjugated anti-mouse PD-L1(Biolegend Cat:124311 Clone:
10F.9G2), and IFN-y (XMG1.2).The flow cytometry analyses were
performed using a BD Fortessa Flow Cytometer (BD Fortessa). BD
FACS Diva software V.5.0.1 (BD) or Flow Jo (Tree Star) was used
for data processed. For cytokine staining, harvested cells were
incubated in RPMI-1640 medium with cell activation cocktail
with brefeldin A (Bio legend) for 6 hours at 37°C, and stimulated
cells were stained as described above.

Immunohistochemistry and
Immunofluorescence

Resected tumor tissues were fixed in 4% paraformaldehyde or
embedded either in paraffin or in optimal cutting temperature
compound and frozen. Vascular endothelial staining was
performed using anti-CD31 antibody (clone DIA-310; for

immunofluorescence [IF]), pericytes were identified with antibody
against o-smooth muscle actin (SMA) (Sigma-Aldrich), and anti-
rabbit secondary antibodies (Jackson ImmunoResearch) as
appropriate. Cell nuclei were identified with 4’,6-diamidino-2-
phenylindole (DAPL; Thermo Fisher Scientific). The total number
of vessels and pericyte-covered vessels were counted in five random
fields using a 200x magnification lens. Organoids (tumor tissues)
were fixed in 4% formaldehyde for 15 minutes. Then, organoids
were washed 3 times with PBS and immunostained. Primary
antibodies targeting CD8a (1:600; Cell Signaling Technology cat:
98941), were added to the sections, which were incubated at 4°C
overnight. Then, HRP-conjugated secondary antibodies (Dako,
K4003), were applied to the corresponding primary antibody.
Afterward, we stained the samples with diaminobenzidine (DAB;
CST8059) and hematoxylin for nuclei staining. IF images were
analyzed using a microscope (Leica),.

The Combination of Fruquintinib

and Sintilimab for the Treatment

of CRC Patients

Five patients with refractory mCRC were given fruquintinib
(3mg orally, once daily for 3 weeks, followed by 1 weeks off in
a 4-week cycle) and sintilimab (200mg intravenously, once every
3 weeks). Before treatment, peripheral blood samples were
collected and next-generation sequencing was performed to
detect the gene profile of patients. Each of the patients signed
an informed consent before the therapy. All the patients treated
were not part of a prospective clinical trial.

Statistical Analysis

Data are presented as Mean = SD. One way ANOVA with
Turkey multiple comparison post-test and the Student’s t- test
were used for statistical comparisons using Graph
PadPrizm8.Statistical significance was determined at the < 0.05
level (*p<0.05, **p< 0.01, and **p<0.001, or “p<0.05, “p< 0.01,
and "*p<0.001). Survival was defined as the time from treatment
to death of mice due to excess tumor burden.

RESULTS

Fruquintinib Inhibits CRC Tumor Growth

in a Dose-Dependent Manner

We first examined the effects of different doses of fruquintinib
(Fru) on colon cancer syngeneic in the tumor mouse models. We
treated the mice bearing MC38 tumor with three different doses
of fruquintinib (2.5mg/kg, 5mg/kg, and 10mg/kg) every day for a
total of three weeks. The results showed that fruquintinib could
inhibit MC38 allograft tumor growth in a dose-dependent
manner and the strongest inhibition was observed in the Fru
10mg/kg treatment group (Figures 1A, B). We examined
immune cells of the spleen and peripheral blood in the mice
with MC38 tumor, and found that the fractions of
CD11b*Gr1"MDSCs (Myeloid-derived suppressor cells) were
significantly reduced in the spleen (Figure 1C) and peripheral
blood (Figure 1F) of mice in the Fru 10mg/kg treatment group.
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FIGURE 1 | Fruquintinib inhibits tumor growth in mouse CRC allograft tumor models. Tumor-bearing mice were treated with different doses (2.5, 5, and 10mg/kg) of
fruguintinib or CMC-Na control by oral gavage daily for a total of 21days. Tumor volume and immune cells were analyzed on days 14 after fruquintinib treatment (n =
3 per group). (A) The tumor growth curve of MC38 tumor-bearing mice (p = 0.026). (B) the tumor volume measured at the 28th day after treatment (p < 0.0001).

(C) MDSCs were analyzed in spleen on day14 after fruquintinib treatment. (D, E) CD8*'T cells and CD4*Tcells were analyzed in spleen. (F) MDSCs were analyzed in

peripheral blood on day14 after fruquintinib treatment. (G, H) CD8*T cells and CD4*Tcells were analyzed in peripheral blood on day14 after fruquintinib treament.

o < 0.05, *p < 0.001, ***p < 0.0001. *¥p < 0.01,"**p < 0.001. (* compared to control group, #compared to Fru2.5 group).

As the dose of fruquintinib increased, the proportion of CD8* T
cells and CD4" T cells increases in the spleen (Figures 1D-G)
and peripheral blood (Figures 1E-H) of mice. These results
suggest that Fruquintinib inhibits CRC MC38 tumor growth and
enhances antitumor immune response.

Fruquintinib Enhances the Anti-Tumor
Effect of Anti-PD-1 Antibody and Prolongs
Survival of the CRC Mice

Next, we determined the effects of the combination therapy on
MC38 and CT26 colon cancer mouse models. Tumor-bearing
mice were treated with fruquintinib at two different doses (Fru,
2.5mg/kg, and Fru, 5mg/kg) every day for a total of three weeks,
sintilimab (2.5mg/kg) twice a week for a total of two weeks, or
their combination. We found that single-agent treatment and
combination treatment significantly inhibited tumor growth, and
the combination treatment exhibited the strongest inhibition of

tumor growth in the MC38 (Figures 2A, C) and CT26
(Figures 2B, D) allograft tumor models. The representative
tumors from MC38 allograft tumor-bearing mice were shown
in Figure 2E, and the tumor weight were shown in Figure 2F.
Moreover, fruquintinib and sintilimab alone significantly
increased the median survival time (MST) in MC38
(Figure 2G) and CT26 (Figure 2H) tumor-bearing mice, and
the combination therapy achieved the longest MST in both
models (Figures 2E, F).

Combination Treatment of Fruquintinib
and Anti-PD-1 Reprograms the Immune
Microenvironment and Enhances
Antitumor Immunity /n Vivo

Next, we investigated the mechanisms by which fruquintinib
enhances the effects of anti-PD-1 antibody in CRC mouse
models. We first evaluated whether combination therapy increases
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FIGURE 2 | Fruquintinib enhances the anti-tumor effect of anti-PD-1 in CRC mouse models. (A, B) Tumor growth curve of the subcutaneously implanted tumors in
MC38 and CT26 mouse models after treatment (n = 4-6). (C, D) Tumor volume of the subcutaneously implanted tumors in each mouse showed in 28 days after
treatment (E) Diagram depicting the tumor volume of MC38 allograft tumor model. (F) Tumor weight in the MC38-bearing mice. *p < 0.05, *p < 0.01, **p < 0.001,

0 < 0.0001 (G, H) Overall survival of MC38 and CT26 tumor-bearing mice. Kaplan-Meier survival curves were shown in each group of implanted tumors #p < 0.05,

lymphocyte infiltration. We found that the number and proportion
of CD8+ T lymphocytes, CD8"TNFa."T lymphocytes and
CD8'INFy" lymphocytes were significantly increased in tumor-
bearing mice treated with fruquintinib or sintilimab alone or
combination therapy (Figure 3A). Moreover, the combination
treatment showed the strongest effect on increasing the
infiltration of CD8+ T, CD8"TNFo." T and CDS8'INFy"
lymphocytes (Figures 3A, B). Immunohistochemistry staining
further confirmed a markedly increase of CD8"T lymphocytes in
tumor tissues in combined treatment group (Figure 3C).
Furthermore, treatment with the combination of fruquintinib and

sintilimab significantly reduced the fraction of CD11b"Gr1"MDSCs
and CD11b"F4/80 tumor-associated macrophages in CT26
allograft tumor compared to fruquintinib or sintilimab alone
(Figure 3D). These results suggest that fruquintinib enhance the
effect of anti-PD-1 to reprogram the tumor immune
microenvironment and enhances antitumor immunity in CRC.

Fruquintinib Reduces Angiogenesis in
CRC Both In Vitro and In Vivo

Previous studies suggested that fruquintinib could inhibit tubular
sprouting and prevent angiogenesis in vitro (16). We investigated the
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effect of fruquintinib on tubular formation in HUVEC in vitro.
Fruquintinib suppressed the tube branching in a dose-dependent
manner in HUVEC (Figure 4A). The tubule length of HUVECs
significantly decreased in the fruquintinib treatment group compared
to the control group. In addition, we investigated the changes of
intratumoral vessels in CT26 mouse model. We treated the tumor-
bearing mice with low-dose of fruquintinib (2.5mg/kg, thereafter
referred to as “Fru 2.5”) or 0.5% CMC-Na as a control via oral gavage
14 days after tumor cell inoculation, and then evaluated the tumor
vasculature. The dual staining of alpha-smooth muscle actin (a-SMA)
and CD31 showed that tumor vessels were significantly less in the Fru
2.5 group compared with the control group in the CT26 allograft
tumor model (Figure 4B). Furthermore, we assessed the tumor
vessels by angiography in ultrasound machine on the 14th day

after treatment. SonoVue was injected into the tail vein of mice
(n=3) to display the mouse tumor vascular perfusion. We found that
fruquintinib reduced tumor vascular formation in CT26 colon
cancer-bearing mice (Figure 4C).

Safety of the Combination of Fruquintinib
and Anti-PD-1 In Vivo

We further determined the safety of the combination of fruquintinib
and sintilimab in vivo. No toxicity, allergy or cachexia was observed
in the tumor-bearing mice treated with the combination of
fruquintinib and sintilimab. There was no significantly decreased
in the body weight (Figure 5A). Blood cell analysis,liver and kidney
function and histopathological analysis showed that no obvious
damage in the murine major organs, such as the heart, liver, lung,
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ultrasound machine on day 7 and day 21 after treatment.

FIGURE 4 | Fruquintinib reduces angiogenesis in CRC both in vitro and in vivo. (A) The effect of fruquintinib on tubular formation in HUVEC in vitro with different
doses (0.03,0.3, and 3umol/l) of fruquintinio or CMC-Na control. (B) Representative immunofluorescent staining of sections from different treatment groups on day14.
Red, CD31; a-SMA staining; green; blue, DAPI staining. (C) Fruquintinib reduces tumor vascular formation in CT26 colon cancer-bearing mice by angiography using
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FIGURE 5 | A safety of the combination of fruquintinib and anti-PD-1 in vivo. (A) Body weight of tumor-bearing mice in each group. The weight was measured
every three days. (B) Blood cell analysis,liver and kidney function and histopathology morphology of the murine major organs (heart, liver, lung, kidney) in the
mouse models.

and kidney (Figure 5B). These results suggest that fruquintinib in
combination with sintilimab is well tolerated.

The Combination of Fruquintinib and Anti-
PD-1 Shows Antitumor Activity in
Refractory Advanced CRC Patients

Based on our preclinical data from the animal experiments, we
observed the effect of the combination of fruquintinib and anti-

PD-1 on 5 patients with metastatic colorectal cancer who failed
in more than two lines of standard treatment. Among the 5
patients, all are MSS mCRC, 2 cases CRC patients with lung
metastasis, 2 cases with liver metastasis, and 1 case with
abdominal wall metastasis (see Table 1 in details). We assessed
the efficacy of treatment every 3 cycles. The longest follow-up
time for the patients was 18 weeks. Two CRC patients with lung
metastatic lesions and one CRC with abdominal wall metastasis
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TABLE 1 | The summary of outcomes for all treated patients.

NO. Age Metastasis size Efficacy
Casel 68y lung metastasis PR
Case2 48y lung metastasis PR
Case3 56y liver metastasis SD
Case4 56y liver metastasis SD
Caseb 40y abdominal wall metastasis PR

Individual clinical outcomes and the 5 patients enrolled by therapeutic responses
(assessed via RECIST v1.1). No, patient number; y, years old; PR, partial response; SD,
stable disease; PD, progressive disease.

achieved partial response (PR). Two CRC patients with liver
metastatic lesions showed stable disease (SD). The total disease
control rate (DCR) was 100% (Figure 6A). All the included
patients experienced at least one treatment-related adverse event
(AE). The majority of these AEs were mild and tolerable. All
patients were still on treatment and alive at the time we prepare
this manuscript. More CRC patients are being recruited in the
clinical study.

DISCUSSION

Immune checkpoint inhibitors have shown good anti-tumor
effects since they were applied to clinical use, especially in solid
tumors such as melanoma, renal clear cell carcinoma and liver
cancer (20-22). Anti-PD-1 antibodies have achieved
significant effects on advanced colon cancer with high
microsatellite instability (MSI-H) or missing mismatch repair
genes (AMMR) (4-6), but its response rate for 80%-90% of low
microsatellites (MSI-L) or mismatch repair gene wild (pMMR)
colon cancer is limited (4).The clinical trial IMblaze370
showed no improved overall survival with atezolizumab plus
cobimetinib or atezolizumab versus regorafenib. The results of
IMblaze370 have underlined the challenge of extending the
benefit of immunotherapy to CRC patients whose tumors
have low baseline levels of immune inflammation, such as
those with microsatellite-stable metastatic colorectal cancer
(9).Optimized combinatorial strategies could expand the use of
anti-PD-1 based immunotherapy in colon cancer (23-25). One
of the combinatorial strategies is anti-angiogenesis drug,
with the basic theory of blood vessel normalization can
optimize the tumor immune microenvironment and may
synergize with immunotherapy to enhance anti-tumor
immunity (26).These effects remain unclear in MSS mCRC, a
disease where several anti-angiogenesis drugs (fruquintinib
and regorafenib) are standard treatment (17, 27). The
potential of anti-angiogenesis drugs to enhance antitumor
immunity in combination with immunotherapy in patients
has been postulated by our preclinical data and clinical trials of
others (18).

In this study, we explored the effect of the anti-angiogenesis
drug fruquintinib in combination with anti-PD-1 antibody for
the treatment of colon cancers, particularly in MSS CRC.
Based on the past research results, we have chosen clinically

relevant mouse models using the CT26 and MC38 mouse
colon cancer cells, that represent for MSS CRC and MSI CRC,
respectively (28, 29). We addressed one critical issue that
fruquintinib can be successfully combined with anti-PD-1 to
increase its efficacy in both MSI and MSS CRC. For MSS CRC,
this question is in time and is in line with promising phase 1b
clinical trial data in CRC patients, which showed promising
high response rates in a phasel trial (18). Based on the
research that antiangiogenic agents demonstrate dose- and
time-dependent influence on tumor vasculature (30, 31), we
investigated the effects of distinct doses of fruquintinib on
intratumoral vessels and immune components ahead of the
experiments for combination treatment. We observed a
favorable proinflammatory microenvironment for
immunotherapy 14 days after low-dose (2.5mg/kg)
fruquintinib immunotherapy treatment. Similarly, earlier
studies stated that anti-angiogenesis had immune
modulatory effects and combinational strategy might help to
overcome resistance to anti-PD-1/PD-L1 (32, 33). We thus
hypothesized that a low dose of fruquintinib might be more
effective when combined with anti-PD-limmunotherapy. The
work presented here is a proof that under optimal conditions,
PD-1 blockade combined with antiangiogenic agents, such as
fruquintinib can induce enhanced therapeutic effect. Our
results from in vivo combination treatment experiments
confirmed this hypothesis.

We showed that fruquintinib therapy not only reduced
angiogenesis but also increased the proportion of T lymphocytes
in our size-matched mouse tumor samples. These combination
treatment interactions led to reprogramming of the immune
microenvironment of CRC. Furthermore, we showed that
fruquintinib not only reduced angiogenesis, but also mediated
antitumor immunity by influencing lymphocyte ratio and
eliminate immunosuppressive cells, such as MDSCs and TAMs.
Our findings were in consistent with several previous reports in
various tumor models (31, 34, 35).

In addition, we evaluated the toxicity and safety of
fruquintinib, no major toxicity was found in the mouse
models. Moreover, we retrospectively analyzed 5 patients with
MSS mCRGC, the toxicity of fruquintinib was tolerable. One of the
patients’ PFS was 18 months when the data were collected. Our
findings demonstratted that low-dose fruquintinib reduced
immunosuppressive components and enhanced tumor
immunotherapy. The preliminary clinical results further
support our hypothesis. Our study is limited by using the
mouse models to mimic the human TME and the study of the
patient’s therapy is not a prospective clinical trial. More animals
experimental systems and prospective clinical trials for further
evalution are warranted.

In summary, our results suggested that fruquintinib, a
VEGEFRI, 2, and 3 inhibitor, when administrated at a lower
dose, could optimize the immunosuppressive TME and increase
the therapeutic response to immunotherapy both in mice colon
cancer models and in clinical colon cancer patients. Further
evaluation in randomized clinical trials are warranted.
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FIGURE 6 | Efficacy of the combination therapy of fruquintinib and anti-PD-1 in patients in MSS mCRC. Radiologic evidence of the 5 patients who achieved PR or
SD after the combination treatment. CT scans were performed at the baseline and subsequent treatment cycles. (A) Two CRC patients with lung metastasis: (case 1
# and case 2) were treated with anti-PD-1 and Fruquintinib, and the lesions were significantly reduced (PR). (B) Two CRC patients with liver metastasis: (case 3and
case 4) were treated with anti-PD-1 and fruquintinib, the liver metastases showed stable morphological changes, the density became uniform and reduced, the edge
became clear, and the peripheral edge enhancement disappeared. (C) One CRC patient with abdominal wall metastasis (case 5) were treated with anti-PD-1 and
fruguintinib, and the lesions were significantly reduced (PR). Individual clinical outcomes and the 5 patients enrolled by therapeutic responses (assessed via RECIST
v1.1) in Table 1. No, patient number; y, years old; PR, partial response; SD, stable disease; PD, progressive disease.

Frontiers in Oncology | www.frontiersin.org 10 March 2022 | Volume 12 | Article 841977


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

Lietal

Fruquintinib Enhances Immunotheapy in Colorectal Cancer

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The patients/participants provided their written informed
consent to participate in this study. The animal study
was reviewed and approved by The Animal Ethics
Committee of Ruijin Hospital, Shanghai Jiaotong University
School of Medicine (Shanghai China). Written informed
consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

ST designed the study, analysized data and revised the
manuscript. QL carried out the most of experiments,
analysized original data and drafted the manuscript. XC
collected and analyzied the samples and the clinical data. JW
collected the clinical data and revises the manuscirpt.YT, FL, BZ,
and TH participated the coordination of research. CZ drafted the

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 J Clin
(2021) 71(3):209-49. doi: 10.3322/caac.21660

2. Andre T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al.
Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal
Cancer. N Engl ] Med (2020) 383(23):2207-18. doi: 10.1056/NEJM0a2017699

3. Overman MJ, Lonardi S, Wong KYM, Lenz HJ, Gelsomino F, Aglietta M, et al.
Durable Clinical Benefit With Nivolumab Plus Ipilimumab in DNA
Mismatch Repair-Deficient/Microsatellite Instability-High Metastatic
Colorectal Cancer. J Clin Oncol (2018) 36(8):773-9. doi: 10.1200/
JCO.2017.76.9901

4. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1
Blockade in Tumors With Mismatch-Repair Deficiency. N Engl ] Med (2015)
372(26):2509-20. doi: 10.1056/NEJMoal500596

5. Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz HJ, Morse MA, et al.
Nivolumab in Patients With Metastatic DNA Mismatch Repair-Deficient or
Microsatellite Instability-High Colorectal Cancer (CheckMate 142): An
Open-Label, Multicentre, Phase 2 Study. Lancet Oncol (2017) 18(9):1182-
91. doi: 10.1016/S1470-2045(17)30422-9

6. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al.
Mismatch Repair Deficiency Predicts Response of Solid Tumors to PD-1
Blockade. Science (2017) 357(6349):409-13. doi: 10.1126/science.aan6733

7. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF,
et al. Safety, Activity, and Immune Correlates of Anti-PD-1 Antibody in
Cancer. N Engl ] Med (2012) 366(26):2443-54. doi: 10.1056/NEJM0a1200690

8. Yamamoto N, Nokihara H, Yamada Y, Shibata T, Tamura Y, Seki Y, et al.
Phase I Study of Nivolumab, an Anti-PD-1 Antibody, in Patients With
Malignant Solid Tumors. Invest New Drugs (2017) 35(2):207-16. doi:
10.1007/s10637-016-0411-2

manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

The project was supported by National Science Foundation of
China (NSFC 81773259,Chinese Society of Clinical Oncology
Foundation (Y-Q201802-073, Y-XD202001-0318), the Science
and Technique Foundation of Henan Province (No.
202102310121 for JW), Medical Science and Technology Co-
construction Project of Henan Province (No. LHGJ20200167).

ACKNOWLEDGMENTS

We thank Jun Wu, Yihua Gu, and Ke Wang for the technical
assistance. We are grateful to Hutchison MediPharma Limited
providing fruquintinib and Innovent Biologics providing anti-
PD-1antibody- Sintilimab was a gift from Innovent Biologics.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
841977/full#supplementary-material

9. Eng C, Kim TW, Bendell J, Argiles G, Tebbutt NC, Di Bartolomeo M, et al.
Atezolizumab With or Without Cobimetinib Versus Regorafenib in
Previously Treated Metastatic Colorectal Cancer (IMblaze370): A
Multicentre, Open-Label, Phase 3, Randomised, Controlled Trial. Lancet
Oncol (2019) 20(6):849-61. doi: 10.1016/S1470-2045(19)30027-0

Yarchoan M, Hopkins A, Jaffee EM. Tumor Mutational Burden and Response
Rate to PD-1 Inhibition. N Engl ] Med (2017) 377(25):2500-1. doi: 10.1056/
NEJMc1713444

Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R, et al. Analysis of
100,000 Human Cancer Genomes Reveals the Landscape of Tumor Mutational
Burden. Genome Med (2017) 9(1):34. doi: 10.1186/s13073-017-0424-2

Huang T, Li F, Cheng X, Wang ], Zhang W, Zhang B, et al. Wnt Inhibition
Sensitizes PD-L1 Blockade Therapy by Overcoming Bone Marrow-Derived
Myofibroblasts-Mediated Immune Resistance in Tumors. Front Immunol
(2021) 12:619209. doi: 10.3389/fimmu.2021.619209

Ferrara N. Vascular Endothelial Growth Factor and Age-Related Macular
Degeneration: From Basic Science to Therapy. Nat Med (2010) 16(10):1107—
11. doi: 10.1038/nm1010-1107

Khan KA, Kerbel RS. Improving Immunotherapy Outcomes With Anti-
Angiogenic Treatments and Vice Versa. Nat Rev Clin Oncol (2018) 15
(5):310-24. doi: 10.1038/nrclinonc.2018.9

Apte RS, Chen DS, Ferrara N. VEGF in Signaling and Disease: Beyond
Discovery and Development. Cell (2019) 176(6):1248-64. doi: 10.1016/
j.cell.2019.01.021

Sun Q, Zhou J, Zhang Z, Guo M, Liang J, Zhou F, et al. Discovery of
Fruquintinib, a Potent and Highly Selective Small Molecule Inhibitor of
VEGFR 1, 2, 3 Tyrosine Kinases for Cancer Therapy. Cancer Biol Ther
(2014) 15(12):1635-45. doi: 10.4161/15384047.2014.964087

LiJ, Qin S, Xu RH, Shen L, Xu J, Bai Y, et al. Effect of Fruquintinib vs Placebo
on Overall Survival in Patients With Previously Treated Metastatic Colorectal
Cancer: The FRESCO Randomized Clinical Trial. Jama (2018) 319(24):2486—
96. doi: 10.1001/jama.2018.7855

10.

11.

12.

13.

14.

15.

16.

17.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 841977


https://www.frontiersin.org/articles/10.3389/fonc.2022.841977/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.841977/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMoa2017699
https://doi.org/10.1200/JCO.2017.76.9901
https://doi.org/10.1200/JCO.2017.76.9901
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1007/s10637-016-0411-2
https://doi.org/10.1016/S1470-2045(19)30027-0
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1186/s13073-017-0424-2
https://doi.org/10.3389/fimmu.2021.619209
https://doi.org/10.1038/nm1010-1107
https://doi.org/10.1038/nrclinonc.2018.9
https://doi.org/10.1016/j.cell.2019.01.021
https://doi.org/10.1016/j.cell.2019.01.021
https://doi.org/10.4161/15384047.2014.964087
https://doi.org/10.1001/jama.2018.7855
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

Fruquintinib Enhances Immunotheapy in Colorectal Cancer

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama M, et al.
Regorafenib Plus Nivolumab in Patients With Advanced Gastric or Colorectal
Cancer: An Open-Label, Dose-Escalation, and Dose-Expansion Phase Ib Trial
(REGONIVO, Epoc1603). J Clin Oncol (2020) 38(18):2053-61. doi: 10.1200/
JCO.19.03296

Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, Rickman B, et al.
Overexpression of Interleukin-1beta Induces Gastric Inflammation and
Cancer and Mobilizes Myeloid-Derived Suppressor Cells in Mice. Cancer
Cell (2008) 14(5):408-19. doi: 10.1016/j.ccr.2008.10.011

Callahan MK, Kluger H, Postow MA, Segal NH, Lesokhin A, Atkins MB, et al.
Nivolumab Plus Ipilimumab in Patients With Advanced Melanoma: Updated
Survival, Response, and Safety Data in a Phase I Dose-Escalation Study. ] Clin
Oncol (2018) 36(4):391-8. doi: 10.1200/JCO.2017.72.2850

Nivolumab Approved for Liver Cancer. Cancer Discovery (2017) 7(11):0f3.
doi: 10.1158/2159-8290.CD-NB2017-138

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al.
Five-Year Survival and Correlates Among Patients With Advanced Melanoma,
Renal Cell Carcinoma, or Non-Small Cell Lung Cancer Treated With Nivolumab.
JAMA Oncol (2019) 5(10):1411-20. doi: 10.1001/jamaoncol.2019.2187
Mahoney KM, Rennert PD, Freeman GJ. Combination Cancer
Immunotherapy and New Immunomodulatory Targets. Nat Rev Drug
Discovery (2015) 14(8):561-84. doi: 10.1038/nrd4591

Chowdhury PS, Chamoto K, Honjo T. Combination Therapy Strategies for
Improving PD-1 Blockade Efficacy: A New Era in Cancer Immunotherapy.
] Intern Med (2018) 283(2):110-20. doi: 10.1111/joim.12708

Sanmamed MF, Chen L. A Paradigm Shift in Cancer Immunotherapy: From
Enhancement to Normalization. Cell (2018) 175(2):313-26. doi: 10.1016/
j.cell.2018.09.035

Zhao S, Ren S, Jiang T, Zhu B, Li X, Zhao C, et al. Low-Dose Apatinib
Optimizes Tumor Microenvironment and Potentiates Antitumor Effect of
PD-1/PD-L1 Blockade in Lung Cancer. Cancer Immunol Res (2019) 7(4):630—
43. doi: 10.1158/2326-6066.CIR-17-0640

Li J, Qin S, Xu R, Yau TC, Ma MB, Pan H, et al. Regorafenib Plus Best
Supportive Care Versus Placebo Plus Best Supportive Care in Asian Patients
With Previously Treated Metastatic Colorectal Cancer (CONCUR): A
Randomised, Double-Blind, Placebo-Controlled, Phase 3 Trial. Lancet Oncol
(2015) 16(6):619-29. doi: 10.1016/S1470-2045(15)70156-7

Castle JC, Loewer M, Boegel S, de Graaf J, Bender C, Tadmor AD, et al
Immunomic, Genomic and Transcriptomic Characterization of CT26 Colorectal
Carcinoma. BMC Genomics (2014) 15(1):190. doi: 10.1186/1471-2164-15-190
Kim K, Skora AD, Li Z, Liu Q, Tam A]J, Blosser RL, et al. Eradication of
Metastatic Mouse Cancers Resistant to Immune Checkpoint Blockade by

Suppression of Myeloid-Derived Cells. Proc Natl Acad Sci USA (2014) 111
(32):11774-9. doi: 10.1073/pnas.1410626111

Hamzah J, Jugold M, Kiessling F, Rigby P, Manzur M, Marti HH, et al.
Vascular Normalization in Rgs5-Deficient Tumours Promotes Immune
Destruction. Nature (2008) 453(7193):410-4. doi: 10.1038/nature06868
Huang Y, Yuan J, Righi E, Kamoun WS, Ancukiewicz M, Nezivar J, et al. Vascular
Normalizing Doses of Antiangiogenic Treatment Reprogram the
Immunosuppressive Tumor Microenvironment and Enhance Immunotherapy.
Proc Natl Acad Sci USA (2012) 109(43):17561-6. doi: 10.1073/pnas.1215397109
Manegold C, Dingemans AC, Gray JE, Nakagawa K, Nicolson M, Peters S,
et al. The Potential of Combined Immunotherapy and Antiangiogenesis for
the Synergistic Treatment of Advanced NSCLC. ] Thorac Oncol (2017) 12
(2):194-207. doi: 10.1016/j.jtho.2016.10.003

Allen E, Jabouille A, Rivera LB, Lodewijckx I, Missiaen R, Steri V, et al.
Combined Antiangiogenic and Anti-PD-L1 Therapy Stimulates Tumor
Immunity Through HEV Formation. Sci Transl Med (2017) 9(385):
eaak9679. doi: 10.1126/scitranslmed.aak9679

Wallin JJ, Bendell JC, Funke R, Sznol M, Korski K, Jones S, et al. Atezolizumab
in Combination With Bevacizumab Enhances Antigen-Specific T-Cell
Migration in Metastatic Renal Cell Carcinoma. Nat Commun (2016)
7:12624. doi: 10.1038/ncomms12624

Tian L, Goldstein A, Wang H, Ching Lo H, Sun Kim I, Welte T, et al.
Mutual Regulation of Tumour Vessel Normalization and
Immunostimulatory Reprogramming. Nature (2017) 544(7649):250-4.
doi: 10.1038/nature21724

30.

31.

32.

33.

34.

35.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

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

Copyright © 2022 Li, Cheng, Zhou, Tang, Li, Zhang, Huang, Wang and Tu. 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.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 841977


https://doi.org/10.1200/JCO.19.03296
https://doi.org/10.1200/JCO.19.03296
https://doi.org/10.1016/j.ccr.2008.10.011
https://doi.org/10.1200/JCO.2017.72.2850
https://doi.org/10.1158/2159-8290.CD-NB2017-138
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1038/nrd4591
https://doi.org/10.1111/joim.12708
https://doi.org/10.1016/j.cell.2018.09.035
https://doi.org/10.1016/j.cell.2018.09.035
https://doi.org/10.1158/2326-6066.CIR-17-0640
https://doi.org/10.1016/S1470-2045(15)70156-7
https://doi.org/10.1186/1471-2164-15-190
https://doi.org/10.1073/pnas.1410626111
https://doi.org/10.1038/nature06868
https://doi.org/10.1073/pnas.1215397109
https://doi.org/10.1016/j.jtho.2016.10.003
https://doi.org/10.1126/scitranslmed.aak9679
https://doi.org/10.1038/ncomms12624
https://doi.org/10.1038/nature21724
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Fruquintinib Enhances the Antitumor Immune Responses of Anti-Programmed Death Receptor-1 in Colorectal Cancer
	Introduction
	Materials and Methods
	Cells and Culture Conditions
	Animals
	Tumor Models
	Drugs Information and Treatments
	Single Cell Suspensions
	Flow Cytometry Analysis
	Immunohistochemistry and Immunofluorescence
	The Combination of Fruquintinib and Sintilimab for the Treatment of CRC Patients
	Statistical Analysis

	Results
	Fruquintinib Inhibits CRC Tumor Growth in a Dose-Dependent Manner
	Fruquintinib Enhances the Anti-Tumor Effect of Anti-PD-1 Antibody and Prolongs Survival of the CRC Mice
	Combination Treatment of Fruquintinib and Anti-PD-1 Reprograms the Immune Microenvironment and Enhances Antitumor Immunity In Vivo
	Fruquintinib Reduces Angiogenesis in CRC Both In Vitro and In Vivo
	Safety of the Combination of Fruquintinib and Anti-PD-1 In Vivo
	The Combination of Fruquintinib and Anti-PD-1 Shows Antitumor Activity in Refractory Advanced CRC Patients

	Discussion
	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


