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Tumor Infiltration by OX40þ Cells Enhances
the Prognostic Significance of CD16þ Cell
Infiltration in Colorectal Cancer
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Abstract

Objectives: Analysis of tumor immune infiltration has been suggested to outperform tumor, node, metastasis staging in pre-
dicting clinical course of colorectal cancer (CRC). Infiltration by cells expressing OX40, a member of the tumor necrosis factor
receptor family, or CD16, expressed by natural killer cells, monocytes, and dendritic cells, has been associated with favorable
prognosis in patients with CRC. We hypothesized that assessment of CRC infiltration by both OX40þ and CD16þ cells might
result in enhanced prognostic significance.

Methods: Colorectal cancer infiltration by OX40 and CD16 expressing cells was investigated in 441 primary CRCs using tissue
microarrays and specific antibodies, by immunohistochemistry. Patients’ survival was evaluated by Kaplan-Meier and log-rank
tests. Multivariate Cox regression analysis, hazard ratios, and 95% confidence intervals were also used to evaluate prognostic
significance of OX40þ and CD16þ cell infiltration.

Results: Colorectal cancer infiltration by OX40þ and CD16þ cells was subclassified into 4 groups with high or low infiltration
levels in all possible combinations. High levels of infiltration by both OX40þ and CD16þ cells were associated with lower pT
stage, absence of peritumoral lymphocytic (PTL) inflammation, and a positive prognostic impact. Patients bearing tumors with high
infiltration by CD16þ and OX40þ cells were also characterized by significantly longer overall survival, as compared with the
other groups. These results were confirmed by analyzing an independent validation cohort.

Conclusions: Combined infiltration by OX40þ and CD16þ immune cells is an independent favorable prognostic marker in CRC.
The prognostic value of CD16þ immune cell infiltration is significantly improved by the combined analysis with OX40þ cell infiltration.
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Introduction

Colorectal cancer (CRC) is the second most common cause

of cancer-related deaths in industrialized countries.1 Color-

ectal cancer screening tests, including fecal occult blood

test, fecal immunochemical test, flexible sigmoidoscopy,

and colonoscopy are recommended by the age of 50.2 Fol-

lowing CRC diagnosis, treatment decisions are largely based

on tumor, node, metastasis (TNM) staging, as described by

the Union for International Cancer Control/American Joint

Committee on Cancer. Since advanced TNM stage does not

appear to necessarily correlate with increased risk of recur-

rence or death, this practice is currently debated.3

Analysis of tumor microenvironment (TME) is emerging as

a novel and/or complementary staging approach.4-7 Although

the role of CRC infiltration by cells of the innate immunity

system is still unclear,8 several reports have convincingly

shown that infiltration by cells of the adaptive immune system

has a critical prognostic significance.9-11 A number of studies

indicate that high densities of CD8þ cells in CRC are associ-

ated with improved overall survival.9-12 Furthermore, infiltra-

tion by FOXP3þ regulatory T cells and myeloid cells has also

been shown to correlate with improved prognosis in human

CRC13-15 at difference with frequently reported experimental

models.16

Activated CD4þ and CD8þ T cells express OX40, a

member of the tumor necrosis factor-receptor superfam-

ily,17-19 whereas CD16 is expressed by an array of cells

including monocytes, natural killer (NK) cells, and dendri-

tic cells (DCs).20-22 Previous work indicates that tumor

infiltration by OX40þ or CD16þ cells represents an inde-

pendent favorable prognostic factor in patients with

CRC.13,23,24 We could also previously demonstrate that

OX40þ cell infiltration enhances the prognostic signifi-

cance of CD8þ cell infiltration in CRC.23 The aim of this

study was to evaluate whether the analysis of this activation

marker also enhances the prognostic significance of tumor

infiltration by cells expressing CD16, a marker of innate

immune response.

Materials and Methods

Tissue Microarray Construction

A total of 441 unselected, nonconsecutive, primary CRC sam-

ples were included in the tissue microarray (TMA) and

formalin-fixed, paraffin-embedded tissue blocks were gener-

ated. Approval by the Regional Ethics Committee (EKBB,

Basel Stadt and Basel Land) for the use of this clinically anno-

tated TMA was obtained in advance; 0.6 mm wide tissue cylin-

ders were punched from morphologically representative areas

of each donor block and included into one recipient paraffin

block (30 � 25 mm), using a semiautomated tissue arrayer, as

previously described.25 Each TMA spot consisted of at least

50% tumor cells.

Clinicopathological Features

Clinicopathological data for the 441 patients with CRC

included in the TMA have previously been published.26

Briefly, data were collected retrospectively in a nonstratified

and nonmatched manner. Annotation included patient age,

tumor diameter, location, pT/pN stage, grade, histologic sub-

type, vascular invasion, border configuration, presence of peri-

tumoral lymphocytic inflammation at the invasive tumor front,

and disease-specific survival. Tumor border configuration and

peritumoral lymphocytic inflammation were evaluated using

the original hematoxylin and eosin slides of the resection speci-

mens corresponding to each TMA punch.27

Immunohistochemistry

Standard indirect immunoperoxidase procedures were used

for immunohistochemistry (IHC; ABC-Elite, Vector Labora-

tories, Burlingame, California). Slides were dewaxed and

rehydrated in distilled water. Endogenous peroxidase activity

was blocked using 0.5% H2O2. Sections were incubated with

10% normal goat serum (DakoCytomation, Carpinteria, Cali-

fornia) for 20 minutes and incubated with primary antibody

at room temperature (RT). Primary antibodies used were spe-

cific for CD16 and OX40 (polyclonal anti-CD134/OX40,

ab119904, Abcam, Cambridge, United Kingdom; biotinylated

anti-CD16 were purchased from DAKO (Glostrup, Denmark)

and Novocastra (Newcastle, United Kingdom). Fluorescein

isothiocyanate-conjugated anti-CD16, phycoerythrin-

conjugated anti-CD16, Cy5-conjugated anti-CD16, and

isotype-matched monoclonal antibody were purchased from

BD Bioscience (San Jose, California), as previously pub-

lished by our group.22,23 Subsequently, sections were incu-

bated with peroxidase-labelled secondary antibody

(DakoCytomation) for 30 minutes at RT. For antigen visua-

lization, sections were immersed in 3-amino-9-ethylcarbazole

plus substrate-chromogen (DakoCytomation) for 30 minutes

and counterstained with Gill’s hematoxylin.

Evaluation of IHC

CD16 and OX40 data were available from previous

publications.22,23

Description of cutoff value calculation for OX 40. Cutoff values

used to classify CRC with low- or high-immune cell infiltration

were obtained by receiver operating characteristic (ROC)

curves (survival ROC package), evaluating sensitivity and false

positive rate for the discrimination of survivors and nonsurvi-

vors with respect to the Kaplan-Meier method, on the training

subset and validated on the validation subset. The threshold

value for OX40þ infiltration, calculated in the training test,

was 40 cells/TMA-punch. This value was reconfirmed in the

validation set.23,28,29

Description of cutoff value calculation for CD 16. Cutoff scores for

protein marker positivity were determined on the test group
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using ROC curve analysis with the end point survival/death and

the 0,1 criterion to select the most discriminating cutoff score

from the ROC curve. Cut-off scores were further validated by

assessing the interobserver variability of positivity by a second

and a third observer. For the basel CD16 study, the level of

innate inflammatory cell infiltration was scored as 1 and 2,

when the CD16þ infiltrate consisted of 10 cells and >10 cells

per punch, respectively. For the Athens CD16 study, similar to

the Basel study, the cutoff was also set at 10 immunoreactive

cells.29,30

Tumor infiltrating cells were counted for each punch

(approximately 1 high power [20�] field). All immunohisto-

chemical reading was performed by a trained research fellow,

and data were independently validated by an additional inves-

tigator, as previously described.23 Samples of CD16 and OX40

staining is shown in Figure 1.

Statistical Analysis

All statistical analyses were made using STATA software

version 13 (StataCorp, College Station, Texas). Associations

with survival were explored using the Cox proportional

hazard regression model. Cutoff values used to classify CRC

with low- or high-immune cell infiltration were available

from previous publications.23,28,29 Threshold value for

OX40þ infiltration, calculated in the training test, was 40

cells/TMA-punch. This value was reconfirmed in the valida-

tion set. Further specific scores were set at 10 cells/TMA-

punch for CD16 and 17 cells/TMA-punch for FOXP3, as

previously calculated in larger collectives by our team.30

Chi-square, Fisher exact, and Kruskal-Wallis tests were used

to determine the association of OX40þ and CD16þ cell

infiltration and clinical pathological features. For survival

analysis, the study population was randomly assigned to test

and validation groups. Univariate survival analysis was per-

formed by Kaplan-Meier and log-rank tests. Further analysis

included 4 combinations of OX40þ and CD16þ cell density:

OX40�/CD16�, OX40þ/CD16�, OX40�/CD16þ, and

OX40þ/CD16þ.

The assumption of proportional hazards was verified for all

markers by analyzing correlation of Schoenfeld residuals and

ranks of individual failure times. Any missing clinicopatholo-

gical information was assumed to be missing at random. Sub-

sequently, OX40þ and CD16þ cell density data were entered

into multivariate Cox regression analysis, and hazard ratios

(HRs) and 95% confidence intervals (CIs) were used to deter-

mine prognostic effects on survival time; P values <.05 were

considered statistically significant.

Figure 1. Samples of CD16 and OX40 staining (40�). Negative control (A); single positive biopsy for CD16 (B); single positive biopsy for OX40
(C); CD16 (D), and OX40 (E) staining of the same double positive biopsy.
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Results

Patient and Characteristics

A total of 441 CRC tissues were analyzed. Median age was

70.6 years (range 40-96). Of 441 patients, 235 were female and

206 were male. Most samples were from left-sided tumors (n¼
290). Median tumor size was 50 mm (range 5-170). Histo-

pathologic assessment revealed that 19 CRCs were T1, 60

T2, 286 T3, and 63 T4. Regarding N stage, 229 CRCs were

N0, 113 N1, and 83 N2. Most CRCs were classified as grade 2

tumors (388), while 13 were grade 1 and 26 grade 3. In all, 302

CRCs showed infiltrative tumor border configuration, and vas-

cular invasion was undetectable in 303 cases. Among all sam-

ples, 379 were mismatch repair (MMR) proficient, and 62 were

MMR-deficient cancers. Median overall survival was 62.1

months (range 1-152), and the median 5-year survival was

0.47 (range 0.43-0.52; Table 1).

Association of Clinicopathological Features With
Infiltration by OX40þ and CD16þ cells

In order to understand whether infiltration by cells expressing

OX40 or CD16 correlates with specific histologic parameters,

we performed a statistical comparison of different clinico-

pathological features, as assessed histologically by an experi-

enced pathologist (LT). Therefore, we subclassified OX40þ
and CD16þ cell infiltration in the following groups: (1)

OX40high and CD16high, (2) OX40high and CD16low, (3)

OX40low and CD16high, and (4) OX40low and CD16low. Statis-

tical analyses revealed that CRCs with high levels of infiltra-

tion by both OX40þ and CD16þ cells were associated with

lower T stage, as compared with the CRCs with OX40low

CD16low infiltration status (P ¼ .003, Table 2). Furthermore,

OX40high and CD16high infiltration status was associated with

N0 status (P ¼ .016, Table 2). Finally, high infiltration by

OX40þ and CD16þ cells was associated with presence of PTL

inflammation (P ¼ .015, Table 2).

In contrast, no association was found between tumor infil-

tration by cells expressing OX40 or CD16 and age, tumor

diameter, gender, tumor location, histologic subtype, tumor

grade, vascular invasion, tumor border, and microsatellite sta-

bility (P > .005, Table 2).

Subgroup analysis (OX40low/high; CD16low/high) of single

OX40 or CD16 expression is shown in Supplementary Tables

1S to 4S. Interestingly, the most significant 5-year survival rate

difference for double positive biopsies was seen in the

CD16high (Supplementary Table 2S) and OX40 high (Supple-

mentary Table 4S) subgroup.

Prognostic Significance of Tumor Infiltration by OX40þ
or CD16þ Cells

Univariate Hazard Cox regression survival analysis was per-

formed considering combined infiltration by OX40þ and

CD16þ cells (Table 3). As expected, we observed that poor

survival was significantly associated with age (HR ¼ 1.02;

95% CI ¼ 1.01-1.04; P ¼ <.001), gender (HR ¼ 1.68; 95%
CI ¼ 1.31-2.16; P ¼ <.001), pT stage (HR ¼ 2.57; 95% CI ¼
1.72-3.84; P ¼ <.001), pN stage (HR ¼ 2.88; 95% CI ¼ 2.22-

3.73; P ¼ <.001), vascular invasion (HR ¼ 2.12; 95% CI ¼
1.63-2.75; P ¼ <.001), and invasive margin (HR ¼ 1.63; 95%
CI ¼ 1.22-2.19; P ¼ <.001). In contrast, most importantly,

CRC infiltration by OX40þ and CD16þ cells was significantly

associated with favorable prognosis (HR ¼ 0.52; 95% CI ¼
0.36-0.77; P¼ <.001). Multivariate analysis confirmed that the

Table 1. Characteristics of CRC Patient Cohort.a,b

Characteristics N or Mean % or Range

Age, years (median, mean) 70, 69.1 40-96
Tumor size in mm (median, mean) 50, 52.0 5-170
Sex, %

Female 235 53.3
Male 206 46.7

Anatomic site of the tumor, %
Left-sided 290 65.8
Right-sided 150 34.0

T stage, %
T1 19 4.3
T2 60 13.6
T3 286 64.9
T4 63 14.3

N stage, %
N0 229 51.9
N1 113 25.6
N2 83 18.8

Tumor grade, %
G1 13 2.9
G2 388 88.0
G3 26 5.9

UICC, %
Stage IA T1N0 14 3.2
Stage IB T2N0 39 8.8
Stage IIA T3N0 147 33.3
Stage IIB-C T4N0 23 5.2
Stage III > N0 196 44.4

Tumor border configuration, %
Infiltrative 302 68.5
Pushing 124 28.1

Vascular invasion, %
No 303 68.7
Yes 125 28.3

Microsatellite stability, %
Proficient 379 85.9
Deficient 62 14.1

Rectal cancers, % 155 35.1
Rectosigmoid cancers, % 27 6.1
Overall survival time, months 62.1 1-152
5-year survival % (95% CI) 0.47 0.43-0.52

Abbreviations: CI, confidence interval; CRC, colorectal cancer; UICC, Union
for International Cancer Control.
an ¼ 441.
bPercentages may not add to 100% due to missing values of same variables. Age
and tumor size were evaluated using the Kruskal-Wallis test. Gender, anato-
mical site, T stage, N stage, grade, vascular invasion, and tumor border con-
figuration were analyzed using the w2 test. Survival analysis was performed
using the Kaplan-Meier method.
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combination of high-density OX40þ and CD16þ cell infiltra-

tion (HR ¼ 0.58; 95% CI ¼ 0.39-0.87; P ¼ .01) represents a

positive prognostic factor for survival in CRC. Expectably, age

(HR ¼ 1.03; 95% CI ¼ 1.02-1.05; P ¼ <.001), gender (HR ¼
1.73; 95% CI¼ 1.32-2.26; P¼ <.001), pT (HR¼ 1.75; 95% CI

¼ 1.12-2.71; P ¼ .01), pN (HR ¼ 2.25; 95% CI ¼ 1.70-2.98; P

¼ <.001), and vascular invasion (HR ¼ 1.65; 95% CI ¼ 1.25-

2.17; P ¼ <.001) were found to independently correlate with

poor prognosis in multivariate analysis, as well (Table 3).

Supplementary Tables 5S to 8S show the prognostic effects

of single OX40 expression based on low- or high-CD 16

expression and vice versa.

Synergistic Prognostic Significance of OX40þ and
CD16þ Cell Infiltration in the CRC Microenvironment

To increase the robustness of our results, we evaluated overall

survival by combining OX40 and CD16 markers in a testing

(n ¼ 217) and a validation group (n ¼ 220). Cutoff score of

OX40þ and CD16þ tumor infiltrating CRC cells for the

assessment of their prognostic significance was established

by regression tree analysis at 40 and 10 cells/punch, respec-

tively. Kaplan-Meier plots indicate that in both testing and

validation groups, high CD16þ and OX40þ cell infiltration

in CRC is associated with improved overall survival, as com-

pared to tumors lacking infiltration by one or both cell subsets

(Figure 2A and B).

Discussion

Seminal research by the Galon group indicates that analysis of

immune cell infiltration in CRC has a superior prognostic

value, as compared to TNM classification system.11

CD16 is a receptor for immunoglobulin G Fc fragment

mostly expressed by myeloid cells and NK cells.20-22 Tumor

infiltration by CD16þ cells is detectable in different

malignancies,31 but their actual immunobiological significance

remains largely unclear. The origin of CD16þ cell infiltrate is

not fully understood. Previous investigations show that these

cells are large (40-50 mm) similarly to tumor-associated macro-

phages and phenotypically resemble immature DC (CD16þ,

CD11bþ, CD11cþ, CD33þ, CD14�).13 However, M1 polar-

ized monocytes/macrophages, characterized by high CD16

expression,32 might also provide significant antitumor

functions.33

OX40 plays a pivotal role in differentiation and survival of

CD4þ cells. Expression of OX40 increases the formation and

survival of antigen-specific T cells and OX40-mediated costi-

mulation lead to increases of memory T cells.34 The OX40

expression has mainly been observed in CD4þ T cells and,

predominantly, on a large number of activated CD4þ T cells,

including Th1 and Th17 cells as well as Foxp3þ CD4þ reg-

ulatory T cells.17,18,35 Infiltration by OX40þ immune cells has

been suggested to mirror antitumor immune response in cancer

tissue.36,37 Lack or loss of this response may, therefore, lead to

disease progression, and antitumor relevance of OX40 expres-

sion has been described in animal models of colon and breast

cancer, sarcoma, and melanoma.18,24,38

In previous research, the individual prognostic value of

CRC infiltration by OX40þ and CD16þ cells, predicting pro-

longed survival, has already been demonstrated.13,24 Our

results clearly confirm these data.22,23 Most importantly, for

the first time, based on the analysis of a large number of

patients (n¼ 441), our study demonstrates that the combination

of OX40þ and CD16þ cell infiltration is an independent, pos-

itive prognostic marker for patients with CRC. In contrast, low

densities of tumor-infiltrating immune cells expressing these

markers might reflect lack of tumor immunity or loss of respon-

siveness, possibly due to progressing tumor cell

dedifferentiation.39

Our study presents several limitations. First, we could not

investigate effects of tumor infiltration by OX40þ and CD16þ

Table 3. Uni- and Multivariate Hazard Cox Regression Survival Analysis Considering the Combination of Both Markers.a,b

Univariate Multivariate

HR 95% CI P Value HR 95% CI P Value

Age 1.02 1.01-1.04 <.001 1.03 1.02-1.05 <.001
Gender (male vs female) 1.68 1.31-2.16 <.001 1.73 1.32-2.26 <.001
pT (high vs low) 2.57 1.72-3.84 <.001 1.75 1.12-2.71 .01
pN (high vs low) 2.88 2.22-3.73 <.001 2.25 1.70-2.98 <.001
Grade (high vs low) 3.66 1.17-11.44 .03 2.28 0.70-7.46 .17
Vascular invasion 2.12 1.63-2.75 <.001 1.65 1.25-2.17 <.001
Tumor border 1.63 1.22-2.19 <.001 1.31 0.95-1.80 .10
MMR status 1.32 0.90-1.94 .15 1.01 0.67-1.50 .98
CD16lowOX40low vs CD16highOX40low 0.96 0.69-1.33 .81 0.83 0.59-1.18 .30

CD16lowOX40high 1.17 0.67-2.03 .58 1.35 0.75-2.41 .32
CD16highOX40high 0.52 0.36-0.77 <.001 0.58 0.39-0.87 .01

Abbreviations: CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio; MMR, mismatch repair.
an ¼ 441 and n ¼ 409.
bMultivariate analyses showing hazard ratios and P value for all CRCs (n ¼ 409 less than 441 due to missing values) conferred by CD16þ and OX40þ cell density,
age, sex, tumor size, lymph node involvement, tumor grade, vascular invasion, tumor border configuration, and microsatellite stability.

P values <.05 were considered statistically significant.
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cells on disease-free survival. Furthermore, the TMA used in

this study included single samples from each individual tumor,

thereby potentially underestimating TME heterogeneity. How-

ever, the high number of case studies might help to overcome

this limitation.

Our study cannot provide information concerning the colo-

calization of OX40- and CD16-expressing lymphocytes within

the tumor. Our study classifies TME into CD16 and/or OX40

low and high biopsies but does not give any information about

the position of the 2 biomarkers as shown in Figure 1.

However, the fact that biopsies with a double positive micro-

environment have a significantly better 5-year survival adds

still important information for daily clinical decision-making.

The retrospective nature of this study also represents a lim-

itation but has the potential to support the generation of future

prospective studies. The long time frame of patient recruitment

(1985-1998) can also be discussed as a further limitation. In

view of treatment evolution, for example, neoadjuvant che-

motherapy, it is questionable how far this patient cohort reflects

actual clinical framework. On the other hand, tissues generated

from these CRC specimens may more accurately characterize

immunobiology of untreated cancers.

All in all, our results indicate that OX40þ immune cell

infiltration significantly improves the prognostic value of

CD16þ immune cell infiltration in CRC. The combination of

CD16þ and OX40þ cell infiltration emerges as an indepen-

dent favorable prognostic predictor, thereby extending the fast-

growing area of knowledge regarding the prognostic value of

the expression of immunomodulatory molecules by immune

cells in CRC-TME.
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15. Forssell J, Öberg Å, Henriksson ML, Stenling R, Jung A, Palmq-

vist R. High macrophage infiltration along the tumor front corre-

lates with improved survival in colon cancer. Clin Cancer Res.

2007;13(5):1472-1479. doi:10.1158/1078-0432.CCR-06-2073.

16. Condeelis J, Pollard JW. Macrophages: obligate partners for

tumor cell migration, invasion, and metastasis. Cell. 2006;

124(2):263-266. doi:10.1016/j.cell.2006.01.007.

17. Gough MJ, Weinberg AD. OX40 (CD134) and OX40L. Adv Exp

Med Biol. 2009;647:94-107. doi:10.1007/978-0-387-89520-8_6.

18. Croft M. Control of immunity by the TNFR-related molecule

OX40 (CD134). Annu Rev Immunol. 2010;28:57-78. doi:10.

1146/annurev-immunol-030409-101243.Control.

19. Weinberg AD, Evans DE, Thalhofer C, Shi T, Prell RA, Cd OX.

The generation of T cell memory: a review describing the mole-

cular and cellular events following OX40 (CD134) engagement. J

Leukoc Biol. 2004;40(6):962-972. doi:10.1189/jlb.1103586.http.

20. Mittag A, Lenz D, Gerstner AOH, et al. Polychromatic (eight-

color) slide-based cytometry for the phenotyping of leukocyte,

NK, and NKT subsets. Cytom Part A. 2005;65(2):103-115. doi:

10.1002/cyto.a.20140.

21. Ravetch J, Perussia B. Alternative membrane forms of FcgRIII

(CD16) on human natural killer cells and neutrophils. J Exp Med.

1989;170(2):481-497.

22. Macdonald KPA, Munster DJ, Clark GJ, Dzionek A, Schmitz J,

Hart DNJ. Characterization of human blood dendritic cell subsets.

Blood. 2002;100(13):4512-4520. doi:10.1182/blood-2001-11-

0097.Reprints.

23. Weixler B, Cremonesi E, Sorge R, et al. OX40 expression

enhances the prognostic significance of CD8 positive lymphocyte

infiltration in colorectal cancer. Oncotarget. 2015;6(35):

37588-37599. doi:10.18632/oncotarget.5940.

24. Petty JK, He K, Corless CL, Vetto JT, Weinberg AD. Survival in

human colorectal cancer correlates with expression of the t-cell

costimulatory molecule OX-40 (CD134). Am J Surg. 2002;

183(5):512-518. doi:10.1016/S0002-9610(02)00831-0.

25. Andreozzi M, Quintavalle C, Benz D, et al. HMGA1 expression

in human hepatocellular carcinoma correlates with poor prognosis

and promotes tumor growth and migration in in vitro models.

Neoplasia (United States). 2016;18(12):724-731. doi:10.1016/j.

neo.2016.10.002.

26. Zlobec I, Karamitopoulou E, Terracciano L, et al. TIA-1 cytotoxic

granule-associated RNA binding protein improves the prognostic

performance of CD8 in mismatch repair-proficient colorectal can-

cer. PLoS One. 2010;5(12):e14282. doi:10.1371/journal.pone.

0014282.

27. Jass JR, Atkin WS, Cuzick J, et al. The grading of rectal cancer:

historical perspectives and a multivariate analysis of 447 cases.

Histopathology. 1986;10(5):437-459.

28. Blanche P, Dartigues JF, Jacqmin-Gadda H. Estimating and com-

paring time-dependent areas under receiver operating character-

istic curves for censored event times with competing risks. Stat

Med. 2013;32(30):5381-5397. doi:10.1002/sim.5958.

29. Zlobec I, Steele R, Terracciano L, Jass JR, Lugli A. Selecting

immunohistochemical cut-off scores for novel biomarkers of pro-

gression and survival in colorectal cancer. J Clin Pathol. 2007;

60(10):1112-1116. doi:10.1136/jcp.2006.044537.

30. Sconocchia G, Zlobec I, Lugli A, et al. Tumor infiltration by

FcgRIII (CD16)þ myeloid cells is associated with improved sur-

vival in patients with colorectal carcinoma. Int J Cancer. 2011;

128(11):2663-2672. doi:10.1002/ijc.25609

31. Saleh MN, Goldman SJ, LoBuglio AF, et al. CD16þ monocytes

in patients with cancer: spontaneous elevation and pharmacologic

induction by recombinant human macrophage colony-stimulating

factor. Blood. 1995;85(10):2910-2917.

32. Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. Macro-

phage polarization: tumor-associated macrophages as a paradigm

for polarized M2 mononuclear phagocytes. Trends Immunol.

2002;23(11):549-555.

8 Cancer Control



33. Allavena P, Sica A, Garlanda C, Mantovani A. The Yin-Yang of

tumor-associated macrophages in neoplastic progression and

immune surveillance. Immunol Rev. 2008;222:155-161. doi:10.

1111/j.1600-065X.2008.00607.x.

34. Ruby CE, Redmond WL, Haley D, Weinberg AD. Anti-OX40

stimulation in vivo enhances CD8 þ memory T cell survival and

significantly increases recall responses. 2007:157-166. doi:10.

1002/eji.200636428.

35. Paterson DJ, Jefferies WA, Green JR, et al. Antigens of activated

rat T lymphocytes including a molecule of 50,000 Mr detected only

on CD4 positive T blasts. Mol Immunol. 1987;24(12):1281-1290.

36. Evans DE, Prell RA, Thalhofer CJ, Hurwitz AA, Weinberg AD.

Engagement of OX40 enhances antigen-specific CD4(þ) T cell

mobilization/memory development and humoral immunity: com-

parison of alphaOX-40 with alphaCTLA-4. J Immunol. 2001;

167(12):6804-6811.

37. Maxwell JR, Weinberg A, Prell RA, Vella AT. Danger and OX40

receptor signaling synergize to enhance memory T cell survival

by inhibiting peripheral deletion. J Immunol. 2000;164(1):

107-112.

38. Weinberg a D, Rivera MM, Prell R, et al. Engagement of the OX-

40 receptor in vivo enhances antitumor immunity. J Immunol.

2000;164(4):2160-2169.

39. Pernot S, Terme M, Voron T, et al. Colorectal cancer and immu-

nity: what we know and perspectives. World J Gastroenterol.

2014;20(14):3738-3750. doi:10.3748/wjg.v20.i14.3738.

Haak et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


