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Background: With the interest in cancer immunotherapy, it may be possible to combine
immunotherapy with bevacizumab and chemotherapy. We evaluated whether tumor-
infiltrating immune cells are associated with the efficacy of chemotherapy with or without
bevacizumab for the treatment of metastatic colorectal cancer (mCRC).

Methods: This study enrolled mCRC patients on standard treatment with available
detailed data and tumor tissue at Sun Yat-sen University Cancer Center between July
1, 2005, and October 1, 2017. CD3+ and CD8+ T cell densities examined by
immunohistochemistry in both the tumor core (CT) and invasive margin (IM) were
summed as the Immunoscore, and the CD8+/CD3+ T cell ratio was calculated. The
predictive and prognostic efficacies of tumor-infiltrating immune cells for progression-free
survival (PFS) and overall survival (OS) were analyzed with Kaplan-Meier and Cox
analyses.

Results: The CD8+/CD3+ T cell ratio in the microenvironment was an independent
prognostic factor for OS (28.12 mo vs. 16.56 mo, P = 0.017) among the 108 studied
patients. In the chemotherapy only group, patients with a high Immunoscore had a high
overall response rate (ORR, 40.0% vs. 60.0%, P = 0.022), those with a low CD8+/CD3+ T
cell ratio in the microenvironment had a significantly longer PFS (8.64 mo vs. 6.01 mo, P =
0.017), and those with a high CD3+ T cell density in the CT had a longer OS (16.56 mo vs.
25.66 mo, P = 0.029). In the chemotherapy combined with bevacizumab group, patients
with a higher CD8+ T cell density in the IM had a longer PFS (7.62 mo vs. 11.66 mo, P =
0.034) and OS (14.55 mo vs. 23.72 mo, P = 0.033).
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Conclusion: Immune cells in primary tumors play an important role in predicting mCRC
treatment efficacy. CD8 predicts the effect of bevacizumab plus chemotherapy, while CD3
and CD8/CD3 predict chemotherapy efficacy.
Keywords: tumor microenvironment, immune cells, metastases colorectal cancer, treatment outcome, bevacizumab
INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the
world. Metastases are present in approximately 25% to 30% of
patients at diagnosis and develop in up to 50% of patients
thereafter (1). Although advances have been made in the past
15 years, the 5-year survival rate of remains as low as
approximately 20% (2–4). According to the American Joint
Committee on Cancer (AJCC) and Union for International
Cancer Control (UICC) TNM classification system, the
prognosis of patients is predicted based on histopathological
criteria of tumor invasion (5). There has been increasing
attention has been paid to predicting CRC prognosis with a
focus on tumor cells, mutation status, molecular pathways and
immune cell infiltration (6).

To date, immunotherapeutics, against the programmed cell
death protein-1 (PD-1)/programmed cell death protein-1 ligand
(PD-L1) axis, have been approved by the Food and Drug
Administration for metastatic colorectal cancer (mCRC) with
microsatellite instability (MSI)-high (H) only (7). However, a
minority (5%) of mCRC tumors show MSI and the vast majority
of mCRC tumors have shown limited responses to these
checkpoint inhibitors. In the new era of precision medicine, it
is critical to identify predictive biomarkers to classify patients
into different groups to receive different therapeutic regimens.
The host immune response has been found to play an important
role in determining the outcome of patients with CRC. Tumor-
infiltrating lymphocytes (TILs) represent a host immune
response that directly correlates with microinvasive status (8).
In the context of cancer, T cells are often inactive or are a
minimal proportion of the immune infiltrate (9). The elegant
studies by Camus (10), Galon (11) and Pages (12) showed that
the presence of immune infiltrate in primary CRC is an excellent
positive prognostic indicator. It has been suggested that the
analysis of immune cells in the microenvironment in
combination with the AJCC/UICC stage could lead to a better
determination of patient prognosis (13). In this study, we
investigated CD3+ (total) and CD8+ (cytotoxic) T cells to
determine the prognosis of mCRC patients on standard
palliative treatment.

The current front-line treatment for mCRC patients is often a
combination of chemotherapies and biotherapies, the anti-VEGF
mAb and anti-EGFR mAb antiangiogenic agents. In the case of
bevacizumab, VEGF in the tumor microenvironment drives
angiogenesis and contributes to local immune evasion by the
tumor (14). Clinical trials have confirmed that regorafenib, a
potent inhibitor of angiogenic and oncogenic kinases, in
combination of PD1 has encouraging antitumor activity in
microsatellite stable (MSS) mCRC patients (15). It will be
2

necessary to interrogate whether chemotherapy combined with
bevacizumab is deleterious to the immune system in CRC patients,
is immune inert or enhances certain immune components.

In the study reported herein, we analyzed whether CD3+ and
CD8+ T cells in the tumor microenvironment influence the
response to chemotherapy alone and in combination with
bevacizumab. We hope to provide a rationale for the combined
use of immunotherapeutics such as vaccines, immunomodulators
such as immunocytokines, and mAbs against checkpoint
inhibitors with chemotherapy and bevacizumab for the
treatment of patients with mCRC.
MATERIALS AND METHODS

Study Population
The study population comprised patients diagnosed mCRC at
Sun Yat-sen University Cancer Center in China between July 1,
2005, and October 1, 2017, 2017. All patients had histologically
proven CRC at the primary tumor site, and the pathology of all
cases were adenocarcinomas and the tissues of primary cancer
were available. At least four cycles of palliative chemotherapy
were given. Moreover, patients had not previously received
immunosuppressive therapy or anti-inflammatory medicine,
such as recent exposure to steroids, or did not have a chronic
inflammatory disease. This study was approved by the
Institutional Review Board and Ethics Committee at Sun Yat-
sen University Cancer Center.
Treatment Protocols
The administration of chemotherapy was determined according
to National Comprehensive Cancer Network guidelines by the
physicians of Sun Yat-sen University Cancer Center. The
chemotherapy regimens administered in this study included
FOLFOX (oxaliplatin, 5-FU and leucovorin), FOLFIRI
(irinotecan, 5-FU and leucovorin), or the above chemotherapy
combined with target drug of bevacizumab or cetuximab.
Data Collection
The patients were followed-up until July 2019 by hospital
records. Our primary study endpoints were first-line
progression-free survival (PFS), which was defined as the time
from the initial palliative therapy to tumor progression, death
from any cause, or the last follow-up before the initiation of
second-line therapy, and overall survival (OS), which was
defined as the time from the date of the first cycle of front-line
therapy to the date of death from any cause. In addition, the
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objective response rate (ORR) and disease response rate (DCR)
to the first-line treatment were also studied.

Tissue Sample
All CRC tissues were surgical specimens which were taken from
primary tumors of colorectal. All surgery samples were obtained
before chemotherapy. All tissues were acquired from the sample
bank of the pathology department.

Immunohistochemical Staining
Paraffin-embedded slides were stained with monoclonal antibodies
against CD3 and CD8 (Cell Signaling Technology, United States;
Catalog No. 85016S and 85336S, respectively). Olympus digital
slide scanners were used to scan stained sections from
representative areas, and two independent pathologists, blinded
to patient clinical information, took part in the recognition of the
location of the core of the tumor (CT) and invasive margin (IM).
ImageJ software (National Institutes of Health, Bethesda, MD,
USA) was used for computer-aided calculations of the density of
CD8+ and CD3+ T cells. The Immunoscore was evaluated
according to the ways reported by Galon et al. (11). The
assessment was based on the densities of CD8+ and CD3+ T
cells with a cut-off of the median of each index, including CD8+
T cells in the CT and IM, CD3+ T cells in the CT and IM. And
densities below the median were classified as low expression,
those above the median were categorized as high expression. A
high value was scored as 1, and low value was scored as 0. The
sum of the scores of all indexes was calculated to determine
the final Immunoscore. Immunoscores > 2 were defined as a
high Immunoscore, while Immunoscores ≤ 2 were defined as a low
Immunoscore. Furthermore, we calculated the CD8+/CD3+ T cell
ratio in tumor center, IM, and the whole microenvironment.
Frontiers in Oncology | www.frontiersin.org 3
Statistical Analysis
Statistical analysis was performed with SPSS 24.0 for Windows
(SPSS, Chicago, IL, USA). The associations between the
expression of CD3+ T cells in either tumor center or invasive
margin, CD8+ T cells in either tumor center or invasive margin,
CD8/CD3, Immunoscore, and clinicopathological characteristics
were assessed using the chi-square test or Fisher’s exact test, as
appropriate. The comparison of densities of CD3 and CD8
according to the CT and IM in all 107 patients using the
paired T-test. The Kaplan-Meier method and the log-rank test
were used to investigate and compare prognostic roles in
predicting PFS and OS. The COX multivariate analyses were
used to determine the probability of clinical benefit, factors with
potential prognostic significance in univariate analysis were
included in multivariate analysis (P<0.600). All P values are
two tailed. P < 0.05 indicated a significant difference.
RESULTS

Patient Characteristics and Treatment
Initially, 1,307 mCRC patients were identified in the clinical
database of our center, but only 292 had detailed data and well-
preserved tumor specimens. Finally, 108 patients treated with
standard palliative chemotherapy and efficacy evaluations were
enrolled in our study. The basic characteristics of all the studied
patients are shown in Table 1: the cohort included 68 males and 40
females aged 21 to 82 years, with a median age of 60 years.
According to the splenic flexure of the colon, the primary tumor
location was characterized as the right (28 patients) or left colon (80
patients). The pathological differentiation was identified as
moderate in more than half of the tumors (65, 60.2%), as low in
TABLE 1 | Basic clinicopathological molecular characteristics of 108 metastasis colorectal cancer patients.

Variable No. of patients (%) Variable No. of patients (%)

Sex Male 68 (63.0%) MS MSS 64 (59.3%)
Female 40 (37.0%) MSI 4 (3.7%)

Age <70 78 (72.2%) NA 40 (37.0%)
≥ 70 30 (27.8%) KRAS Wild-type 31 (28.7%)

Location Right 28 (25.9%) Mutation-type 23 (21.3%)
Left 80 (74.1%) NA 54 (50.0%)

Pathological differentiation Poor 41 (38.0%) NRAS Wild-type 29 (26.9%)
Moderate 65 (60.2%) Mutation-type 0 (0.0%)
Well 2 (1.9%) NA 79 (73.1%)

T stage T2 3 (2.8%) HRAS Wild-type 28 (25.9%)
T3 64 (59.3%) Mutation-type 0 (0.0%)
T4 35 (32.3%) NA 80 (74.1%)
NA 6 (5.6%) BRAF Wild-type 37 (34.3%)

N stage N0 21 (19.4%) Mutation-type 0 (0.0%)
N1 36 (33.3%) NA 71 (65.7%)
N2 38 (35.2%) First-line

chemotherapy
Cetuximab +FOLFOX/FOLRIRI 15 (13.9%)

NA 13 (12.0%) Bevacizumab + FOLFOX/
FOLRIRI

38 (35.2%)

Synchronous/metachronous
metastasis

Synchronous metastasis 25 (23.1%) FOLFOX/FOLRIRI 55 (50.9%)

Metachronous
metastasis

83 (76.9%)
January 2021 | Volume
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41, and as high in only 2. The TNM stage was determined by the
eighth AJCC standard before first-line palliative chemotherapy. No
patient was diagnosed at T1, 2 patients were at T2, 64 were at T3,
and 35 were at T4. The patients were almost equally distributed
among different N stages, with 21 patients in N0, 36 in N1, and 38 in
N2. Synchronous and metachronous metastases were present in 25
and 83 patients, respectively. Many factors associated with
treatment choice and prognosis were also included in our study.
Microsatellite status was available for 68 patients, and only 4
exhibited MSI. KRAS status was determined in 54 patients; 31
harbored wild-type KRAS, and 23 harbored mutated KRAS. NRAS
and HRAS were shown to be wild type in the 29 and 28 evaluated
patients, respectively, and BRAF was wild-type in all 37 evaluated
patients. All 108 patients were treated with palliative therapy.
Among them, 55 received FOLFOX/FOLFIRI alone as first-line
treatment, 38 received bevacizumab plus FOLFOX/FOLFIRI, and
15 received cetuximab plus FOLFOX/FOLFIRI.

Assessment of Immune Cell Infiltration
We assessed immune cell infiltration (CD3 and CD8) in specimens
from primary colorectal tumors. CD8+ T cell expression data in
tissue was available for 108 patients. Immunohistochemical staining
of CD3 was unsuccessful for one patient, so 107 patients had CD3+
T cell expression, CD8+/CD3+ T cell expression and Immunoscore
data. The median density of CD3+ T cells in the tumor core (CT)
and invasive margin (IM) was 1,048/mm2 (8/mm2–11,917/mm2)
and 1,177/mm2 (33/mm2–11,551/mm2), respectively, and the
corresponding values for CD8+ T cells were 105/mm2 (2/mm2–
4,178/mm2) and 231/mm2 (1/mm2–2,705/mm2), respectively. The
median ratio of CD8+ to CD3+ T cells in the CT, IM and total
microenvironment was 0.12, 0.13, and 0.11, respectively. Low
expression was defined as a value below the median, and high
Frontiers in Oncology | www.frontiersin.org 4
expression was defined as a value above the median (Figure 1). The
correlation between CD3+ expression and CD8+ expression was
significantly associated both in IM (P=0.000) and CT (P=0.000).
The CD3+ expression was significantly higher in IM than in CT
(P=0.000), But CD8+ expression did not show the trend (P=0.062).

Association Between Basic
Characteristics and Immune Cells
in the Tumor Microenvironment
The percentage of CD3+ T cells in both the CT (66.7% vs. 33.3%,
P = 0.033) and IM (73.3% vs. 26.7%, P = 0.003) was lower in older
patients, as was the Immunoscore (90.0% vs. 10.0%, P = 0.001). The
ratio of CD8+ to CD3+ T cells in the IM (30.0% vs. 70.0%, P =
0.017) and the total microenvironment (30.0% vs. 70.0%, P = 0.019)
was higher in older patients. CD8+ expression in the IM was lower
in patients with N0 stage disease (33.3% vs. 66.7%, P = 0.045).
Patients with synchronous metastasis had a lower percentage of
CD3+ T cells in both the CT (68.0% vs. 32.0%, P = 0.042) and IM
(76.0% vs. 24.0%, P = 0.03) and had a higher ratio of CD8+ to CD3+
T cells in the CT (28.0% vs. 72.0%, P = 0.023), IM (24.0% vs. 76.0%,
P = 0.005), and total microenvironment (16.0% vs. 84.0%, P =
0.000). We did not find any relationship between microsatellite
status and the expression of immune cells in the CT or IM, the ratio
of CD8+ to CD3+ T cells, or the Immunoscore; the same was true
for KRAS status. The detailed results are shown in Table 2.

Prognostic Value of Immune Cell Presence
in All 108 Enrolled Patients
The median OS of all patients, regardless of chemotherapy
regimen, was 21.8 mo (3.0 mo - 60.9 mo). Synchronous/
metachronous metastasis (14.55 mo vs. 23.72 mo, P = 0.006)
and the ratio of CD8+ to CD3+ T cells in the microenvironment
FIGURE 1 | Representative immunohistochemical images of CD3+ and CD8+ T cells in the core of the tumor (CT) and in the invasive margin (IM) of colorectal
cancer (200×). (A, B) Representative images of high-density and low-density CD3+ T cells in the center of the colorectal cancer; (C, D) Representative images of
high-density and low-density CD3+ T cells in the invasive margin of the colorectal cancer; (E, F) Representative images of high-density and low-density CD8+ T cells
in the center of the colorectal cancer; (G, H) Representative images of high-density and low-density CD8+ T cells in the invasive margin of the colorectal cancer.
January 2021 | Volume 10 | Article 581051
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TABLE 2 | Correlation between basic characteristics and immune cells in the microenvironment.

CD8+/CD3+ T cells in the CT CD8+/CD3+ T cells in the IM CD8+/CD3+ T cells in the
microenvironment

Immunoscore

Low High NA P Low High NA P Low High NA P Low High NA P

0.690 1.000 0.844 0.835
34

(0.507)
33

(0.493)
1 33

(0.493)
34

(0.507)
1 32

(0.478)
35

(0.522)
1 45

(0.672)
22

(0.328)
1

18
(0.450)

22
(0.550)

20
(0.500)

20
(0.500)

20
(0.500)

20
(0.500)

26
(0.650)

14
(0.350)

0.137 0.017 0.019 0.001
41

(0.532)
36

(0.468)
1 44

(0.571)
33

(0.429)
1 43

(0.558)
34

(0.442)
1 44

(0.571)
33

(0.429)
1

11
(0.367)

19
(0.633)

9
(0.300)

21
(0.700)

9
(0.300)

21
(0.700)

27
(0.900)

3
(0.100)

1.000 1.000 0.829 0.643
14

(0.500)
14

(0.500)
14

(0.500)
14

(0.500)
13

(0.464)
15

(0.536)
20

(0.714)
8

(0.286)
38

(0.481)
41

(0.519)
1 39

(0.494)
40

(0.506)
1 39

(0.494)
40

(0.506)
1 51

(0.646)
28

(0.354
1

1.000 0.428 0.843 0.403

20
(0.485)

21
(0.512)

18
(0.439)

23
(0.561)

19
(0.463)

22
(0.537)

25
(0.610)

16
(0.390)

32
(0.485)

34
(0.515)

1 35
(0.530)

31
(0.470)

1 33
(0.500)

33
(0.500)

1 46
(0.697)

20
(0.303)

1

0.677 0.535 0.094 0.510
32

(0.485)
34

(0.515)
1 33

(0.500)
33

(0.500)
1 35

(0.530)
31

(0.470)
1 42

(0.636)
24

(0.364)
1

15
(0.429)

20
(0.571)

15
(0.429)

20
(0.571)

12
(0.343)

23
(0.657)

25
(0.714)

10
(0.286)

0.614 0.321 0.321 0.793
10

(0.500)
10

(0.500)
1 11

(0.550)
9

(0.450)
1 11

(0.550)
9

(0.450)
1 14

(0.700)
6

(0.300)
1

31
(0.419)

43
(0.581)

31
(0.419)

43
(0.581)

31
(0.419)

43
(0.581)

48
(0.649)

26
(0.351)

0.023 0.005 0.000 0.146
7

(0.280)
18

(0.720)
6

(0.240)
19

(0.760)
4

(0.160)
21

(0.840)
20

(0.800)
5

(0.200)
45

(0.549)
37

(0.451)
1 47

(0.573)
35

(0.427)
1 48

(0.583)
34

(0.415)
1 51

(0.622)
31

(0.378)
1

0.356 0.342 0.329 0.652
33

(0.524)
30

(0.476)
1 34

(0.540)
29

(0.460)
1 35

(0.556)
28

(0.444)
1 38

(0.603)
25

(0.397)
1

1
(0.250)

3
(0.750)

1
(0.250)

3
(0.750)

1
(0.250)

3
(0.750)

3
(0.750)

1
(0.250)

0.256 0.773 1.000 0.401
22

(0.710)
9

(0.290)
19

(0.613)
12

(0.387)
20

(0.645)
11

(0.355)
15

(0.484)
16

(0.516)
12

(0.545)
10

(0.455)
1 15

(0.682)
7

(0.318)
1 14

(0.636)
8

(0.364)
1 14

(0.636)
8

(0.364)
1

he tumor; IM: Invasive margin; NA, not applicable.
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Variable N=108 CD3+ T cells in the CT CD3+ T cells in the IM CD8+ T cells in the CT CD8+ T cells in the IM

Low High NA P Low High NA P Low High P Low High P

Sex 0.428 0.692 0.842 0.55
Male 68 31

(0.463)
36

(0.537)
1 32

(0.478)
35

(0.522)
1 35

(0.515)
33

(0.485)
36

(0.529)
32

(0.421)
Female 40 22

(0.550)
18

(0.450)
21

(0.525)
19

(0.475)
19

(0.475)
21

(0.525)
18

(0.450)
32

(0.550)
Age 0.033 0.003 1.000 1.00
<70 78 33

(0.429)
44

(0.571)
1 31

(0.408)
46

(0.592)
1 39

(0.500)
39

(0.500)
39

(0.500)
39

(0.500)
≥70 30 20

(0.667)
10

(0.333)
22

(0.733)
8

(0.267)
15

(0.500)
15

(0.500)
15

(0.500)
15

(0.500)
Location 1.000 0.385 0.511 0.12
Right 28 14

(0.500)
14

(0.500)
16

(0.571)
12

(0.429)
16

(0.571)
12

(0.429)
18

(0.643)
10

(0.357)
Left 80 39

(0.494)
40

(0.506)
1 37

(0.468)
42

(0.532)
1 38

(0.475)
42

(0.525)
36

(0.450)
44

(0.550)
Pathological
differentiation

0.428 0.844 0.234 0.23

Poor 41 18
(0.493)

23
(0.561)

21
(0.512)

20
(0.488)

17
(0.415)

24
(0.585)

17
(0.415)

24
(0.585)

Moderate and well 67 35
(0.530)

31
(0.470)

1 32
(0.485)

34
(0.515)

1 37
(0.552)

30
(0.448)

37
(0.552)

30
(0.448)

T stage 0.531 0.059 0.409 0.21
T1+T2+T3 67 32

(0.485)
34

(0.515)
1 29

(0.439)
37

(0.561)
1 35

(0.522)
32

(0.478)
29

(0.433)
38

(0.567)
T4 35 20

(0.571)
15

(0.429)
23

(0.657)
12

(0.343)
15

(0.429)
20

(0.571)
20

(0.571)
15

(0.429)
NA 6
N stage 0.213 1.000 1.000 0.04
No 21 8

(0.400)
12

(0.600)
1 11

(0.550)
9

(0.450)
1 10

(0.476)
11

(0.524)
14

(0.667)
7

(0.333)
N1+N2 74 42

(0.568)
32

(0.432)
40

(0.541)
34

(0.459)
35

(0.473)
39

(0.527)
29

(0.392)
45

(0.608)
NA 13
M stage 0.042 0.003 1.000 1.00
Synchronous
metastasis

25 17
(0.680)

8
(0.320)

19
(0.760)

6
(0.240)

13
(0.520)

12
(0.480)

13
(0.520)

12
(0.480)

Metachronous
metastasis

83 36
(0.439)

46
(0.561)

1 34
(0.415)

48
(0.585)

1 41
(0.494)

42
(0.506)

41
(0.494)

42
(0.506)

MS 1.000 1.000 0.614 1.00
MSS 64 30

(0.476)
33

(0.524)
1 29

(0.460)
34

(0.540)
1 33

(0.516)
31

(0.484)
31

(0.484)
33

(0.516)
MSI 4 2

(0.500)
2

(0.500)
2

(0.500)
2

(0.500)
1

(0.250)
3

(0.750)
2

(0.500)
2

(0.500)
NA 40
KRAS 0.256 0.371 0.107 0.78
W 31 9

(0.290)
22

(0.710)
8

(0.258)
23

(0.742)
13

(0.419)
18

(0.581)
16

(0.516)
15

(0.484)
M 23 10

(0.455)
12

(0.545)
1 9

(0.409)
13

(0.591)
1 15

(0.652)
8

(0.348)
13

(0.565)
10

(0.435)
NA 54

Location: The primary tumor location was classified as right-sided or left-sided according to the splenic flexure. CT: Core of
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(28.12 mo vs. 16.56 mo, P = 0.017) were prognostic factors for
OS. The most common factors potentially affecting OS were
analyzed with Cox analysis as shown in Table 3. None of the
factors influenced progression-free survival (PFS), while
synchronous or metachronous metastasis was the only variable
associated with OS.
Frontiers in Oncology | www.frontiersin.org 6
Predictive and Prognostic Value of
Immune Cell Infiltration for Patients on
Chemotherapy Regimens
For the 55 patients who received chemotherapy alone as the first-
line treatment, the median PFS and OS were 7.59 mo and 22.47
mo, respectively. As shown in Table 4, although there was no
TABLE 3 | Univariate and multivariate analyses of the influence of immune cell infiltration and clinicopathological factors on survival in all enrolled patients of 108.

PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age 0.997 (0.613, 1.621) 0.990 0.816 (0.478, 1.394) 0.456
Tumor location 1.217 (0.756, 1.959) 0.420 1.038 (0.578, 1.836) 0.897
Pathological grade 1.292 (0.834, 2.002) 0.251 1.549 (0.962, 2.494) 0.072 1.358 (0.819, 2.252) 0.236
T stage 0.820 (0.520, 1.293) 0.393 1.097 (0.646, 1.862) 0.732
N stage 0.937 (0.556, 1.581) 0.808 1.008 (0.519, 1.959) 0.982
Synchronous/metachronous metastasis 1.071 (0.628, 1.827) 0.801 0.455 (0.257, 0.805) 0.007 0.488 (0.267, 0.891) 0.019
CD3+ T cells in the CT 0.774 (0.506, 1.184) 0.237 0.615 (0.367, 1.029) 0.007
CD3+ T cells in the IM 0.841 (0.549, 1.290) 0.428 0.765 (0.458, 1.277) 0.305
CD8+ T cells in the CT 1.065 (0.699, 1.624) 0.769 1.108 (0.677, 1.811) 0.683
CD8+ T cells in the IM 0.822 (0.533, 1.270) 0.378 0.953 (0.581, 1.564) 0.850
CD8+/CD3+ T cells in the CT 1.273 (0.832, 1.948) 0.267 1.432 (0.856, 2.398) 0.172
CD8+/CD3+ T cells in the IM 1.193 (0.781, 1825) 0.414 1.240 (0.745, 2.064) 0.409
CD8+/CD3+ T cells in the microenvironment 1.315 (0.860, 2.010) 0.207 1.513 (0.946, 2.421) 0.084 1.874 (1.108, 3.168) 0.019 1.743 (0.984, 3.088) 0.057
Immunoscore 0.861 (0.554, 1.340) 0.508 1.027 (0.611, 1.726) 0.921
January 2021 |
 Volume 10 | Article 5
Bold values indicate P < 0.05; tumor location: Left side or right side; CI, Confidence interval; CT, Core of the tumor; HR, Hazard ratio; IM, Invasive margin; PFS, Progression-free survival;
OS, Overall survival.
TABLE 4 | Relationships of immune cell infiltration with efficacy for patients on chemotherapy regimens.

Factors Expression N ORR DCR PFS OS

N (%) P N (%) P Months P Months P

CD3+ T cells in the CT Low 28 10 (37.5%) 1.000 24 (85.7%) 1.000 6.90 0.111 16.56 0.029
High 25 8 (32.0%) 22 (88.0%) 8.64 25.66
NA 2

CD3+ T cells in the IM Low 26 6 (23.1%) 0.148 22 (84.6%) 0.704 6.67 0.057 17.74 0.481
High 27 12 (44.4%) 24 (88.9%) 8.31 23.92
NA 2

CD8+ T cells in the CT Low 24 9 (37.5%) 0.148 21 (87.5%) 1.000 8.25 0.477 25.66 0.224
High 29 9 (31.0%) 25 (86.2%) 6.67 18.69
NA 2

CD8+ T cells in the IM Low 30 9 (30.0%) 0.565 26 (86.7%) 1.000 8.15 0.341 22.11 0.299
High 23 9 (39.1%) 20 (87.0%) 7.13 22.47
NA 2

CD8+/CD3+ T cells in the CT Low 24 8 (33.3%) 1.000 22 (91.7%) 0.436 7.13 0.452 24.77 0.198
High 29 10 (34.5%) 24 (82.8%) 8.15 18.69
NA 2

CD8+/CD3+ T cells in the IM Low 24 11 (40.7%) 1.000 24 (88.9%) 0.704 8.15 0.088 22.11 0.841
High 29 7 (26.9%) 22 (84.6%) 6.67 23.19
NA 2

CD8+/CD3+ T cells in the microenvironment Low 27 11 (40.7%) 0.387 25 (92.6%) 0.250 8.64 0.017 25.66 0.055
High 26 7 (26.9%) 21 (80.8%) 6.01 17.74
NA 2

Immunoscore Low 38 9 (23.7%) 0.022 32 (84.2%) 0.658 7.13 0.298 21.82 0.689
High 15 9 (60.0%) 14 (93.3%) 8.64 22.47
NA 2
Bold values indicate P < 0.05; CT, Core of the tumor; DCR, Disease control rate; IM, Invasive margin; PFS, Progression-free survival; NA, Not applicable; ORR, Overall response rate;
OS, Overall survival.
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association between CD3 or CD8 expression levels in the tumor
microenvironment and the overall response rate (ORR) or
disease control rate (DCR), the ORR was higher for patients
with a higher Immunoscore (40.0% vs. 60.0%, P = 0.022). A
lower CD8+/CD3+ T cell ratio in the microenvironment was
associated with a significantly longer PFS (8.64 mo vs. 6.01 mo,
P = 0.017), and patients with more CD3+ T cells in the CT had a
longer OS (16.56 mo vs. 25.66 mo, P = 0.029). The CD8+ T cells
Frontiers in Oncology | www.frontiersin.org 7
in the IM did not show any association with PFS (8.15 mo vs.
7.13 mo, P = 0.680, Figure 2A) and OS (23.44 mo vs. 22.47 mo,
P = 0.411, Figure 2B). In addition, the Cox analysis presented in
Table 5 shows that pathological grade (HR 2.450, 95% CI 1.021–
5.665, P = 0.045) and the CD8+ to CD3+ T cell ratio in the
microenvironment (HR 2.863, 95% CI 1.405–5.833, P = 0.004)
were associated with PFS, but none of the evaluated factors
influenced OS.
A B

C D

E

FIGURE 2 | Kaplan-Meier survival curves according to the tumor infiltrated immune cells. CD8+ in invasive margin (IM) predicts the effect of bevacizumab plus
chemotherapy, and patients with high CD8+ in IM have longer overall survival (OS) treated with bevacizumab plus chemotherapy. (A) The PFS was not significantly
worse in the low CD8+ T cells in IM group treated with chemotherapy (P = 0.680). (B) The OS was not significantly worse in the low CD8+ T cells in IM group
treated with chemotherapy (P = 0.411). (C) The progression-free survival (PFS) was significantly worse in the low CD8+ T cells in IM group treated with
chemotherapy combined with bevacizumab (P = 0.034). (D) The OS was significantly worse in the low CD8+ T cells in IM group treated with chemotherapy
combined with bevacizumab (P = 0.033). (E) For the patients with high CD8+ T cells in IM group, The PFS was significantly better in the arm of chemotherapy
combined with bevacizumab than that of chemotherapy alone (P = 0.003).
January 2021 | Volume 10 | Article 581051
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Predictive and Prognostic Value of
Immune Cell Infiltration for Patients on
Bevacizumab Plus Chemotherapy
The median PFS and OS of the 38 patients who received
bevacizumab plus chemotherapy as their first-line regimen
were 10.31 mo and 19.45 mo, respectively. There was no
association between immune cell infiltration in the tumor
microenvironment and ORR or DCR. Patients with a greater
population of CD8+ T cells in the IM had a longer PFS (7.62 mo
Frontiers in Oncology | www.frontiersin.org 8
vs. 11.66 mo, P = 0.034, Figure 2C) and OS (14.55 mo vs. 23.72
mo, P = 0.033, Figure 2D), as shown in Table 6. According to the
Cox analysis, a higher percentage of CD8+ T cells in the IM
indicated a 57.1% increase in PFS (HR 0.429, 95% CI 0.189–
0.973, P = 0.043) and a 60.6% increase in OS (HR 0.394, 95% CI
0.162–0.963, P = 0.041) compared to a lower percentage, as
shown in Table 7. What is more, the patients with high CD8+ T
cells in IM group, The PFS was significantly better in the arm of
chemotherapy combined with bevacizumab than that of
TABLE 5 | Univariate and multivariate analyses of immune cell infiltration and clinicopathological factors on survival for patients on chemotherapy regimens.

PFS 0S

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age 0.982 (0.531, 1.816) 0.954 1.022 (0.512, 2.042) 0.951
Tumor location 1.050 (0.543, 2.029) 0.885 1.483 (0.642, 3.427) 0.356
Pathological grade 1.197 (0.635, 2.256) 0.579 2.405 (1.021, 5.665) 0.045 1.072 (0.529, 2.171) 0.847
T stage 0.793 (0.404, 1.557) 0.500 0.460 (0.190, 1.114) 0.085 1.194 (0.590, 2.417) 0.622
N stage 1.185 (0.557, 2.518) 0.659 1.326 (0.538, 3.268) 0.540
Synchronous/metachronous metastasis 0.424 (0.182,0.986) 0.046 0.420 (0.174, 1.017) 0.054 0.449 (0.179, 1.127) 0.088
CD3+ T cells in the CT 0.610 (0.330, 1.130) 0.116 0.521 (0.262, 1.035) 0.063 0.498 (0.223, 1.067) 0.073
CD3+ T cells in the IM 0.554 (0.298, 1.029) 0.062 0.882 (0.445, 1.748) 0.719
CD8+ T cells in the CT 1.244 (0.679, 2.280) 0.479 1.400 (0.707, 2.771) 0.334
CD8+ T cells in the IM 1.352 (0.722, 2.535) 0.345 1.429 (0.726, 2.816) 0.302
CD8+/CD3+ T cells in the CT 1.362 (0.741, 2.505) 0.320 1.371(0.695, 2.707) 0.363
CD8+/CD3+ T cells in the IM 1.726 (0.913, 3.264) 0.093 0.982 (0.499, 1.933) 0.959
CD8+/CD3+ T cells in the microenvironment 2.125 (1.128, 4.002) 0.020 2.863 (1.405, 5.833) 0.004 1.738 (0.877, 3.445) 0.114
Immunoscore 0.707 (0.366, 1.366) 0.302 1.169 (0.544, 2.514) 0.690
January 2021 |
 Volume 10 | Article 5
Bold values indicate P < 0.05; tumor location: Left side or right side; CI, Confidence interval; CT, Core of the tumor; HR, Hazard ratio; IM, Invasive margin; PFS, Progression-free survival;
OS, Overall survival
TABLE 6 | Relationships of immune cell infiltration with efficacy for patients on bevacizumab plus chemotherapy.

Factors Expression N ORR DCR PFS OS

N (%) P N (%) P Months P Months P

CD3+ T cells in the CT Low 16 4 (25.0%) 1.000 16 (100.0%) 1.000 10.32 0.579 19.45 0.396
High 19 5 (26.3%) 18 (94.7%) 8.28 19.38
NA 3

CD3+ T cells in the IM Low 18 6 (33.3%) 0.443 18 (100.0%) 0.486 10.32 0.676 19.45 0.330
High 17 3 (17.6%) 16 (0.941) 8.28 19.38
NA 3

CD8+ T cells in the CT Low 20 3 (15.0%) 0.245 19 (95.0%) 1.000 8.28 0.261 19.38 0.536
High 16 6 (37.5%) 16 (100.0%) 11.50 22.90
NA 2

CD8+ T cells in the IM Low 17 3 (17.6%) 0.451 16 (94.1%) 0.472 7.62 0.034 14.55 0.033
High 19 6 (31.6%) 19 (100.0%) 11.66 23.72
NA 2

CD8+/CD3+ T cells in the CT Low 18 4 (22.2%) 0.711 17 (94.4%) 1.000 8.28 0.725 28.12 0.233
High 17 5 (29.4%) 17 (100.0%) 10.32 16.26
NA 3

CD8+/CD3+ T cells in the IM Low 19 4 (21.1%) 0.700 18 (94.7%) 1.000 8.28 0.448 19.38 0.342
High 16 5 (31.3%) 16 (100.0%) 11.66 19.45
NA 3

CD8+/CD3+ T cells in the microenvironment Low 17 4 (23.5%) 1.000 16 (94.1%) 0.486 8.28 0.725 28.12 0.120
High 18 5 (27.8%) 18 (100.0%) 10.32 16.26
NA 3

Immunoscore Low 21 5 (23.8%) 1.000 20 (95.2%) 1.000 10.32 0.874 20.24 0.526
High 15 4 (26.7%) 15 (100.0%) 10.38 19.38
NA 2
Bold values indicate P < 0.05; CT, Core of the tumor; DCR, Disease control rate; IM, Invasive margin; PFS, Progression-free survival; NA, Not applicable; ORR, Overall response rate;
OS, Overall survival.
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chemotherapy alone (7.13 mo vs. 11.66 mo, P = 0.003,
Figure 2E).

DISCUSSION

Our previous report on CRC showed that a high number of
immune cells in the tumor microenvironment is associated with
some positive predictors of clinical characteristics and blood indexes
(16). Herein, we examined the levels of infiltrating CD3+ and CD8+
T cells in primary cancer tissues from mCRC patients who received
chemotherapy alone or in combination with bevacizumab. We
found that older patients had fewer CD3+ T cells in both the CT
and IM, lower Immunoscores, and higher CD8+ to CD3+ T cell
ratios in the IM and the total microenvironment. CD8+ expression
in the IM was lower in patients with N0 stage disease. Patients with
synchronous metastasis had a lower percentage of CD3+ T cells in
both the CT and IM and a higher ratio of CD8+ to CD3+ T cells in
the CT, IM, and total microenvironment. Synchronous/
metachronous metastasis and the CD8+ to CD3+ T cell ratio in
the microenvironment were independent prognostic factors for OS
regardless of treatment regimen. In the chemotherapy only group,
patients with a high Immunoscore had a high ORR, those with a
low CD8+/CD3+ T cell ratio in the microenvironment had a
significantly longer PFS, and those with more CD3+ T cells in the
CT had a longer OS. In the chemotherapy combined with
bevacizumab group, patients with a higher percentage of CD8+ T
cells in the IM had a longer PFS and OS. The results from this study
suggest that the TIL status in primary cancer samples is a feasible
predictor of therapeutic response in mCRC. The most interesting
finding is that according to multivariate Cox analysis, none of the
factors influenced OS in patients on chemotherapy alone, while a
higher percentage of CD8+ T cells in the IM increased OS in
patients treated with bevacizumab and chemotherapy.

As we discovered before in the CRC group containing
patients at all clinical stages, clinicopathologic characteristics
may reflect immune cell concentrations in the primary tumor
Frontiers in Oncology | www.frontiersin.org 9
microenvironment (16). In this study on mCRC, patients’
clinicopathologic characteristics, including age, N stage, and
synchronous/metachronous metastasis, were associated with
the level of immune cell infiltration in primary tumors. This
finding can be explained by the hypothesis that a superior host
immune response may limit the progression and invasion of
malignancies; thus, patients with a larger number of immune
cells in the microenvironment may have a better prognosis.
Aging results in declining health and an increased risk of
cancer, in which decreased immune system activity is thought
to play a key role (17); moreover, the tumor immuno-
microenvironment is altered as a result of age-related immune
dysfunction (18). This is consistent with the findings of our
previous (16) and present studies, namely, that age is associated
with immune cell concentrations in disease. Studies have
confirmed the strong association between CD8+ T cells and
metastasis, and patients with more distant metastases have a
significantly lower density of lymphocytes in tumors (19). The
present study also found that N stage and synchronous/
metachronous metastasis were associated with immune cell
concentrations in mCRC. Though it shows some differences
between these articles, we assume the explanation that due to
patients with different TNM stage.

The identification of reliable prognostic factors for CRC is
the focus of intensive clinical and translational research. In
this study, we observed that the ratio of CD8+ to CD3+ T cells
in the microenvironment was a negative prognostic factor
for OS, regardless of treatment regimen. For patients treated
with chemotherapy, the CD8+/CD3+ T cell ratio in the
microenvironment was a negative prognostic factor for PFS,
and CD3+ T cells in the CT were a positive prognostic factor
for OS. Since the early 1900s, tumor immune infiltration has been
suspected to be a positive factor for patient prognosis (20). Tumor
cells interact with the microenvironment and are influenced by
signals from stromal, endothelial, inflammatory, and immune
cells (21). Tumors are often infiltrated by various populations of
TABLE 7 | Univariate and multivariate analyses of immune cell infiltration and clinicopathological factors on survival for patients on bevacizumab plus chemotherapy.

PFS 0S

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age 0.246 (0.032, 1.888) 0.178 0.413 (0.096, 1.786) 0.413
Tumor location 1.034 (0.466, 2.294) 0.934 0.370 (0.302, 1.562) 0.370
Pathological grade 1.345 (0.637, 2.838) 0.436 1.771 (0.796, 3.942) 0.161
T stage 0.830 (0.388, 1.777) 0.632 1.149 (0.490, 2.693) 0.749
N stage 0.551 (0.209, 1.449) 0.227 0.645 (0.213, 1.951) 0.437
Synchronous/metachronous metastasis 0.883 (0.397, 1.963) 0.761 0.407 (0.175, 0.949) 0.037
CD3+ T cells in the CT 1.233 (0.587, 2.593) 0.589 0.696 (0.300, 1.614) 0.398
CD3+ T cells in the IM 1.170 (0.561, 2.440) 0.676 0.661 (0.285, 1.531) 0.333
CD8+ T cells in the CT 0.662 (0.321, 1.365) 0.264 0.781 (0.357, 1.709) 0.537
CD8+ T cells in the IM 0.441 (0.203, 0.957) 0.038 0.429 (0.189, 0.974) 0.043 0.401 (0.168, 0.956) 0.039 0.394 (0.162, 0.963) 0.041
CD8+/CD3+ T cells in the CT 0.876 (0.419, 1.831) 0.725 1.680 (0.709, 3.982) 0.238
CD8+/CD3+ T cells in the IM 0.748 (0352, 1.588) 0.450 1.498 (0.647, 3.473) 0.346
CD8+/CD3+ T cells in the microenvironment 0.876 (0.419, 1.831) 0.725 2.004 (0.820, 4.901) 0.127
Immunoscore 1.060 (0.515, 2.181) 0.874 0.765 (0.333, 1.758) 0.527
January 2021 |
 Volume 10 | Article 5
Bold values indicate P < 0.05; tumor location, Left side or right side; CI, Confidence interval; CT, Core of the tumor; HR, Hazard ratio; IM, Invasive margin; PFS, Progression-free survival;
OS, Overall survival.
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lymphocytes, macrophages or mast cells. The presence of a high
number of lymphocytes, especially T cells, has been reported to
be an indicator of good prognosis for patients with CRC (22). Due
to the uneven infiltration of T cell in colon tumors, attention has
been focused on the predictive value of T cells in the CT and IM.
The Immunoscore, a derived immune score, summarizes the
expression of CD8+ and CD3+ T cell within the CT and IM. The
Immunoscore has been confirmed to predict clinical prognosis in
patients with early- (12) and advanced-stage (23) CRC. We also
found that patients with a high Immunoscore may have a high
ORR when treated with chemotherapy. Interestingly, we found
that the ratio of CD8+ to CD3+ T cells in the microenvironment
was a negative prognostic factor for OS, regardless of treatment
regimen, and it was also a negative prognostic factor for PFS for
patients treated with chemotherapy. We assume that the ratio of
each T-cell subtype should be in a suitable range. Elucidation of
the mechanisms active within the T-cell network is complicated
by the complex associations between the various T-cell subtypes
and cytokines. These results proved that the local immune
context, including the density, phenotype, activation status, and
localization of immune cells, is a potential prognostic factor for
ORR, PFS and OS in mCRC and implied that immunological
criteria should be of interest in clinical practice and added to
tumor staging to improve patient outcomes. We did not find
relationship between MS status and the expression of immune
cell, the potential reason as follows: firstly, the population with
MSI was so small; secondly, the newest research in Nov 2020
reported that different immune checkpoint inhibitors may be
beneficial for selected CRC patients irrespective of MSI status,
because the subtype of immune cells will more directly affect the
efficacy of immunotherapy (24). In addition, particular attention
should be given to the analysis of the lymphocytic infiltrate in
tumors before treatment with chemotherapy and bevacizumab
or immunotherapies.

Bevacizumab, a humanized IgG1 mAb against VEGF-A and
inhibiting angiogenesis (25), plus chemotherapy as first-line
treatment for patients with mCRC provided a longer median PFS
and OS (26). The use of Bevacizumab may modulate tumor
microenvironment and synergize with immunotherapy. New
immunotherapy approaches for mCRC with MSI-High are clearly
warranted. However, very few responses have been observed in non-
MSI-High mCRC patients treated with PD1/PDL1 checkpoint
inhibitors (27). Based on the 95% mCRC patients are MSI-L type,
improvement of their benefits in immunotherapy is a critical
problem. Interestingly, preclinical studies have shown the
formation of tumor derived blood and lymphatic vascular promote
an immunosuppressive microenvironment by modulating the
recruitment, adhesion, trafficking, and function of immune cells
(28). The combination of checkpoint inhibitors and the anti-VEGF
mAb bevacizumab may be beneficial.

We found that CD8+ T cells in the IM had significant
prognostic value for both PFS and OS in patients treated with
bevacizumab plus chemotherapy. CD8+ T cells are cytotoxic T
lymphocytes that directly attack cancer cells and play a central
role in anticancer immunity (29). A previous study reported
substantial evidence that the CD8+ T cell density was associated
Frontiers in Oncology | www.frontiersin.org 10
with long-term survival in various types of cancer (12, 30).
Furthermore, the CD8+ T cell density was reported to be
associated with the therapeutic efficacy of chemotherapy and
radiotherapy (31, 32). In addition, marked CD8+ T cell
infiltration was observed in MSI patients, and mismatch repair
deficiency created multiple immunogenic peptides that became
stimuli and targets of antitumor immune responses (33). The
most interesting finding is that the multivariate analysis found
no effect of CD3+ or CD8+ T cells or the Immunoscore on OS in
patients treated with chemotherapy alone, while a higher
percentage of CD8+ T cells in the IM increased OS in patients
treated with bevacizumab and chemotherapy. These data might
indicate that cytotoxic T lymphocytes play a greater role in
bevacizumab-based regimens than in those without bevacizumab.
Antiangiogenic treatment can normalize of the tumor vasculature
(34). The vascular endothelium has a barrier function and plays a
role in the activation of immunity by increasing endothelial cell
adhesion molecules which could interact with macrophages, NK
cells, T cells, and B cells for antigen recognition during the
immune response. And this therapeutic may change how the
tumor microenvironment establishes complex networks to escape
immune attacks when antitumor cytotoxic T cell activity is
perturbed by the downregulation of stimulatory signals, the
upregulation of inhibitory signals or both (35). In addition,
VEGF can increase PD-1 expression on T cells and promote the
infiltration and activation of CD8+ T cells (36). These results may
support the hypothesis that bevacizumab might have an immune-
enhancing effect, including ADCC activity, following the
accumulation of CD8+ T cells in the tumor microenvironment.
Recent studies have reported that the presence of CD8+ T cells in a
tumor is a positive biomarker for anti-PD1 therapy (37). Clinical
data also support a potentially synergistic interaction between
antiangiogenic treatment and immunotherapy. The combination
of anti-VEGF treatment and immunotherapy has produced
surprisingly significant results in hepatocellular carcinoma and
non-small cell lung cancer (38, 39). The combination regimen of
immunotherapeutics plus bevacizumab and chemotherapy might
be a potential approach to improve the limited efficacy of
immunotherapy, especially in mCRC patients with high CD8
expression in the tumor microenvironment.

There are limitations and possible biases in this study. The
sample size was not large enough, and because of the nature of
retrospective studies, it is possible that patient selection was biased
according to sample availability. Additionally, we did not analyze
specific subtypes of T cells other than CD3+ and CD8+ immune
cells; these subtypes may have different roles in the tumor
microenvironment and indicate diverse prognoses. Regardless,
our study tested the hypothesis that tumor-infiltrating immune
cells predict treatment efficacy, and the results providenewevidence
for the combination of immunotherapy with chemotherapy in
mCRC, which has not been previously reported.

CONCLUSIONS

Our study confirmed that CD3+ and CD8+ immune cells can be
used to predict treatment outcome and the prognosis of mCRC
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patients treated with chemotherapy with or without bevacizumab.
Furthermore, patients with a large population of CD8+ T cells will
have better treatment outcomes with the combination of
chemotherapy plus bevacizumab, while the expression of CD3
and the CD8+/CD3+ T cell ratio are predictors of the effect of
chemotherapy. In the future, it will be exciting to explore the
potential of TILs as promising biomarkers that may also guide
therapeutic decisions, especially in the times of immunotherapy.
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 studies involving human participants were reviewed and
approved by Human Ethics Approval Committee at Sun Yatsen
Frontiers in Oncology | www.frontiersin.org 11
University Cancer Center. The patients/participants provided
their written informed consent to participate in this study.
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

GG designed research. YW, JD, and QQ analyzed the data and
wrote the paper. SL collected data. XCh contributed new reagents
and analytic tools. XCa and HQ performed experiment research.
BZ amended paper. All authors contributed to the article and
approved the submitted version.
FUNDING

The present study was supported by the National Natural Science
Foundation of China (grant No.813002141) and the Guangdong
Provincial Natural Science Foundation (grant No. 2017A030313685).
REFERENCES

1. Labianca R, Beretta GD, Kildani B,Milesi L,Merlin F,Mosconi S, et al. Colon cancer.
Crit Rev Oncol Hematol (2010) 74:106–33. doi: 10.1016/j.critrevonc.2010.01.010

2. Allegra CJ, Jessup JM, Somerfield MR, Hamilton SR, Hammond EH, Hayes
DF, et al. American Society of Clinical Oncology provisional clinical opinion:
testing for KRAS gene mutations in patients with metastatic colorectal
carcinoma to predict response to anti-epidermal growth factor receptor
monoclonal antibody therapy. J Clin Oncol (2009) 27:2091–6. doi: 10.1200/
JCO.2009.21.9170

3. Venook AP, Niedzwiecki D, Lenz HJ, Innocenti F, Fruth B, Meyerhardt JA, et al.
Effect of First-Line Chemotherapy Combined With Cetuximab or Bevacizumab
on Overall Survival in Patients With KRAS Wild-Type Advanced or Metastatic
Colorectal Cancer: A Randomized Clinical Trial. JAMA (2017) 317:2392–401.
doi: 10.1001/jama.2017.7105

4. Heinemann V, von Weikersthal LF, Decker T, Kiani A, Vehling-Kaiser U,
Al-Batran SE, et al. FOLFIRI plus cetuximab versus FOLFIRI plus
bevacizumab as first-line treatment for patients with metastatic colorectal
cancer (FIRE-3): a randomised, open-label, phase 3 trial. Lancet Oncol
(2014) 15:1065–75. doi: 10.1016/S1470-2045(14)70330-4

5. Weitz J, Koch M, Debus J, Höhler T, Galle PR, Büchler MW. Colorectal
cancer. Lancet (2005) 365:153–65. doi: 10.1016/S0140-6736(05)17706-X

6. Guinney J, Dienstmann R, Wang X, de Reyniès A, Schlicker A, Soneson C,
et al. The consensus molecular subtypes of colorectal cancer. Nat Med (2015)
21:1350–6. doi: 10.1038/nm.3967

7. Xiao Y, Freeman GJ. The microsatellite instable subset of colorectal cancer is a
particularly good candidate for checkpoint blockade immunotherapy. Cancer
Discovery (2015) 5:16–8. doi: 10.1158/2159-8290.CD-14-1397

8. Nakagawa K, Tanaka K, Hommma Y, Nojiri K, Kumamoto T, Takeda K, et al.
Low infiltration of peritumoral regulatory T cells predicts worse outcome
following resection of colorectal liver. Ann Surg Oncol (2014) 22:80–6.
doi: 10.1245/s10434-014-3974-1

9. Hargadon KM, Johnson CE, Williams CJ. Immune checkpoint blockade therapy
for cancer: An overview of FDA approved immune checkpoint inhibitors. Int
Immunopharmacol (2018) 62:29–39. doi: 10.1016/j.intimp.2018.06.001

10. Camus M, Tosolini M, Mlecnik B, Pagès F, Kirilovsky A, Berger A, et al.
Coordination of intratumoral immune reaction and human colorectal cancer
recurrence. Cancer Res (2009) 69:2685–93. doi: 10.1158/0008-5472.CAN-08-2654
11. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pagès C,
et al. Type, density, and location of immune cells within human colorectal
tumors predict clinical outcome. Science (2006) 313:1960–4. doi: 10.1126/
science.1129139

12. Pages F, Kirilovsky A, Mlecnik B, Asslaber M, Tosolini M, Bindea G, et al. In situ
cytotoxic and memory T cells predict outcome in patients with early-stage
colorectal cancer. J Clin Oncol (2009) 27:5944–51. doi: 10.1200/JCO.2008.19.6147

13. Galon J, Mlecnik B, Bindea G, Angell HK, Berger A, Lagorce C, et al. Towards
the introduction of the Immunoscore’ in the classification of malignant
tumours. J Pathol (2014) 232:199–209. doi: 10.1002/path.4287

14. Mimura K, Kono K, Takahashi A, Kawaguchi Y, Fujii H. Vascular endothelial
growth factor inhibits the function of human mature dendritic cells mediated
by VEGF receptor-2. Cancer Immunol Immunother (2007) 56:761–70. doi:
10.1007/s00262-006-0234-7

15. Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama M, et al.
Regorafenib plus nivolumab in patients with advanced gastric (GC) or colorectal
cancer (CRC): An open-label, dose-finding, and dose-expansion phase 1b trial
(REGONIVO, EPOC1603). J Clin Oncol (2019) 37(15_suppl):2522–2.
doi: 10.1200/JCO.2019.37.15_suppl.2522

16. Guo G, Wang Y, Zhou Y, Quan Qi, Zhang Y, Wang H, et al. Immune cell
concentrations among the primary tumor microenvironment in colorectal
cancer patients predicted by clinicopathologic characteristics and blood
indexes. J Immunother Cancer (2019) 7:179. doi: 10.1186/s40425-019-0656-3

17. Gorczynski RM, Terzioglu E. Aging and the immune system. Int Urol Nephrol
(2008) 40:1117–25. doi: 10.1007/s11255-008-9412-1

18. Provinciali M, Argentati K, Tibaldi A. Efficacy of cancer gene therapy in aging:
adenocarcinoma cells engineered to release IL-2 are rejected but do not induce
tumor specific immune memory in old mice. Gene Ther (2000) 7:624–32. doi:
10.1038/sj.gt.3301131

19. Mlecnik B, Bindea G, Kirilovsky A, Angell HK, Obenauf AC, Tosolini M, et al.
The tumor microenvironment and Immunoscore are critical determinants of
dissemination to distant metastasis. Sci Transl Med (2016) 8:326r–7r.
doi: 10.1126/scitranslmed.aad6352

20. MacCarty W, Mahle A. Relation of differentiation and lymphocytic infiltration to
postoperative longevity in gastric carcinoma. J Lab Clin Med (1921) 6:473.

21. Page`s F, Galon J, Dieu-Nosjean M-C, Tartour E, Sautès-Fridman C, Fridman
W-H. Immune infiltration in human tumors: a prognostic factor that should
not be ignored. Oncogene (2010) 29:1093–102. doi: 10.1038/onc.2009.416
January 2021 | Volume 10 | Article 581051

https://doi.org/10.1016/j.critrevonc.2010.01.010
https://doi.org/10.1200/JCO.2009.21.9170
https://doi.org/10.1200/JCO.2009.21.9170
https://doi.org/10.1001/jama.2017.7105
https://doi.org/10.1016/S1470-2045(14)70330-4
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.1038/nm.3967
https://doi.org/10.1158/2159-8290.CD-14-1397
https://doi.org/10.1245/s10434-014-3974-1
https://doi.org/10.1016/j.intimp.2018.06.001
https://doi.org/10.1158/0008-5472.CAN-08-2654
https://doi.org/10.1126/science.1129139
https://doi.org/10.1126/science.1129139
https://doi.org/10.1200/JCO.2008.19.6147
https://doi.org/10.1002/path.4287
https://doi.org/10.1007/s00262-006-0234-7
https://doi.org/10.1200/JCO.2019.37.15_suppl.2522
https://doi.org/10.1186/s40425-019-0656-3
https://doi.org/10.1007/s11255-008-9412-1
https://doi.org/10.1038/sj.gt.3301131
https://doi.org/10.1126/scitranslmed.aad6352
https://doi.org/10.1038/onc.2009.416
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Immunocyte Predicted mCRC Treatment Efficacy
22. Diederichsen ACP, Hjelmborg JB, Christensen PB, Zeuthen J, Fenger C.
Prognostic value of the CD4+/CD8+ ratio of tumour infiltrating lymphocytes
in colorectal cancer and HLA-DR expression on tumour cells. Cancer
Immunol Immunother (2003) 52:423–8. doi: 10.1007/s00262-003-0388-5

23. Franck P, Bernhard M, Florence M, Bindea G, Ou F-S, Bifulco C, et al.
International validation of the consensus Immunoscore for the classification of
colon cancer: a prognostic and accuracy study. Lancet (2018) 391(10135):2128–39.
doi: 10.1016/S0140-6736(18)30789-X

24. Li X, Ling A, Kellgren TG, Lundholm M, Löfgren-Burström A, Zingmark C,
et al. A Detailed Flow Cytometric Analysis of Immune Activity Profiles in
Molecular Subtypes of Colorectal Cancer. Cancers (Basel) (2020) 12(11):3440.
doi: 10.3390/cancers12113440

25. Mulder K, Scarfe A, Chua N, Spratlin J. The role of bevacizumab in colorectal
cancer: understanding its benefits and limitations. Expert Opin Biol Ther
(2011) 11(3):405–13. doi: 10.1517/14712598.2011.557657

26. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, HeimW,
et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med (2004) 350(23):2335–42. doi: 10.1056/NEJMoa
032691

27. 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 J Med (2015)
372(26):2509–20. doi: 10.1056/NEJMoa1500596

28. Schaaf MB, Garg AD, Agostinis P. Defining the role of the tumor vasculature
in antitumor immunity and immunotherapy. Cell Death Dis (2018) 9:115. doi:
10.1038/s41419-017-0061-0

29. FridmanWH, Pagès F, Sautès-Fridman C, Galon J. The immune contexture in
human tumours: impact on clinical outcome. Nat Rev Cancer (2012) 12:298–
306. doi: 10.1038/nrc3245

30. Noble F, Mellows T, McCormick Matthews LH, Bateman AC, Harris S,
Underwood TJ, et al. Tumour infiltrating lymphocytes correlate with
improved survival in patients with oesophageal adenocarcinoma. Cancer
Immunol Immunother (2016) 65:651–62. doi: 10.1007/s00262-016-1826-5

31. Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM, Taube JM, et al.
The vigorous immune microenvironment of microsatellite instable colon
cancer is balanced by multiple counter-inhibitory checkpoints. Cancer
Discovery (2015) 5(1):43–51. doi: 10.1158/2159-8290.CD-14-0863

32. Teng F, Mu D, Meng X, Kong L, Zhu H, Liu S, et al. Tumor infiltrating
lymphocytes (TILs) before and after neoadjuvant chemoradiotherapy and its
clinical utility for rectal cancer. Am J Cancer Res (2015) 5:2064–74.
Frontiers in Oncology | www.frontiersin.org 12
33. Schwitalle Y, Kloor M, Eiermann S, Linnebacher M, Kienle P, Knaebel HP,
et al. Immune response against frameshift-induced neopeptides in HNPCC
patients and healthy HNPCC mutation carriers. Gastroenterology (2008)
134:988–97. doi: 10.1053/j.gastro.2008.01.015

34. Huang Y, Goel S, Duda DG, Fukumura D, Jain RK. Vascular normalization as
an emerging strategy to enhance cancer immunotherapy. Cancer Res (2013)
73(10):2943–8. doi: 10.1158/0008-5472.CAN-12-4354

35. Chen Y, Ramjiawan RR, Reiberger T, Ng MR, Hato T, Huang Y, et al. CXCR4
inhibition in tumor microenvironment facilitates anti-programmed death
receptor-1 immunotherapy in sorafenib-treated hepatocellular carcinoma in
mice. Hepatology (2015) 61(5):1591–602. doi: 10.1002/hep.27665

36. Rabinovich GA, Gabrilovich D, Sotomayor EM. Immunosuppressive
strategies that are mediated by tumor cells. Annu Rev Immunol (2007)
25:267–96. doi: 10.1146/annurev.immunol.25.022106.141609

37. Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJ, Robert L, et al.
PD-1 blockade induces responses by inhibiting adaptive immune resistance.
Nature (2014) 515:568–71. doi: 10.1038/nature13954

38. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate
040): an open-label, non-comparative, phase 1/2 dose escalation and
expansion trial. Lancet (2017) 389(10088):2492–502. doi: 10.1016/S0140-
6736(17)31046-2

39. Herbst RS, Arkenau H-T, Santana-Davila R, Calvo E, Paz-Ares L, Cassier PA, et al.
Ramucirumab plus pembrolizumab in patients with previously treated advanced
non-small-cell lung cancer, gastro-oesophageal cancer, or urothelial carcinomas
(JVDF): a multicohort, non-randomised, open-label, phase 1a/b trial. Lancet Oncol
(2019) 20(8):1109–23. doi: 10.1016/S1470-2045(19)30458-9

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.

Copyright © 2021 Wang, Dong, Quan, Liu, Chen, Cai, Qiu, Zhang and Guo. 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.
January 2021 | Volume 10 | Article 581051

https://doi.org/10.1007/s00262-003-0388-5
https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.3390/cancers12113440
https://doi.org/10.1517/14712598.2011.557657
https://doi.org/10.1056/NEJMoa032691
https://doi.org/10.1056/NEJMoa032691
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1038/s41419-017-0061-0
https://doi.org/10.1038/nrc3245
https://doi.org/10.1007/s00262-016-1826-5
https://doi.org/10.1158/2159-8290.CD-14-0863
https://doi.org/10.1053/j.gastro.2008.01.015
https://doi.org/10.1158/0008-5472.CAN-12-4354
https://doi.org/10.1002/hep.27665
https://doi.org/10.1146/annurev.immunol.25.022106.141609
https://doi.org/10.1038/nature13954
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S1470-2045(19)30458-9
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

	Immune Cell Infiltration of the Primary Tumor Microenvironment Predicted the Treatment Outcome of Chemotherapy With or Without Bevacizumab in Metastatic Colorectal Cancer Patients
	Introduction
	Materials and Methods
	Study Population
	Treatment Protocols
	Data Collection
	Tissue Sample
	Immunohistochemical Staining
	Statistical Analysis

	Results
	Patient Characteristics and Treatment
	Assessment of Immune Cell Infiltration
	Association Between Basic Characteristics and Immune Cells in the Tumor Microenvironment
	Prognostic Value of Immune Cell Presence in All 108 Enrolled Patients
	Predictive and Prognostic Value of Immune Cell Infiltration for Patients on Chemotherapy Regimens
	Predictive and Prognostic Value of Immune Cell Infiltration for Patients on Bevacizumab Plus Chemotherapy

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 true
  /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 true
  /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


