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Detailed resolution analysis reveals spatial T cell heterogeneity in the invasive margin
of colorectal cancer liver metastases associated with improved survival
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ABSTRACT
On a broader scale, T cell density and localization in colorectal cancer liver metastases have prognostic and
predictive implications. As T cell distribution at higher resolutions has not been fully investigated, a
detailed resolution analysis of T cell distribution was performed. Patient tissues were divided into 10 mm
distance classes between the tumor border and adjacent normal liver. Thereby, distinct density patterns of
T cell localization in relation to the malignant tissue could be detected. At a distance of 20 to 30 mm to the
tumor, a decrease of CD3 T cells is common. Within this area, cytotoxic Granzyme B and CD8C T cells were
found to be significantly reduced as well as CD163 macrophages were increased and identified to be in
close contact with T cells. Our data suggests a physical or functional border within this region. Survival
analysis revealed improved overall survival in patients with high T cells numbers at the direct tumor
border. Interestingly, the decreased T cells in the 20 to 30 mm region were also found to be significantly
associated with improved survival. Consequently, the detailed localization of T cells, despite blockade,
could be associated with improved clinical outcome. The high-resolution analysis represents new insights
into relevant heterogenous T cell distributions especially related to clinical responses. As the paradoxical
observation of localization-dependent prognostic relevance of T cell densities is only detectable by
detailed spatial analyses, this investigation of spatial profiles at higher resolutions is suggested as a new
biomarker for survival and response to therapies.

Abbreviations: CCL5, C–C chemokine ligand 5; CCR5, C–C chemokine receptor 5; CRC, colorectal cancer; GranB,
Granzyme B; LM, liver metastasis; MSI, microsatellite instability; OS, overall survival; PD-L1, programmed death-
ligand 1; TAM, tumor-associated macrophages; TIL, tumor-infiltrating lymphocytes
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Introduction

Metastatic colorectal cancer (CRC) accounts for more than
55.000 deaths per year in the United States alone.1 Around
15% of the patients with liver metastases (LM) can be cured
by surgical resection of the metastases.2 Immune system
interactions with the primary tumor and the metastases
have an important influence on the clinical course of
patients. Immune cells infiltrating or surrounding colorectal
primary tumors3 and especially tumor-infiltrating lympho-
cytes (TILs) represent a major prognostic factor.4,5 On a
broader scale, high densities of TILs were shown to be cor-
related with an improved survival in patients with primary
CRC as well as LM.6-14 Nevertheless, tumor heterogeneity
in many cancers represents an obstacle in detailed analyses
of T cell distributions, whereas colorectal cancer liver
metastases (CRC-LM) are rather homogenous with a clear
border between liver and tumor tissue allowing more

precise analyses of spatial distributions.15,16 Especially, T
cells and their relation to tumor tissue are gaining increased
attention, as the majority of the T cells can be found in the
stromal part of primary CRC without direct contact to
tumor epithelium.17 Evaluation of LM revealed heteroge-
neous immune cell infiltration into the metastasis center
dependent of histopathological tumor conditions like necro-
sis or fibrosis. Previous analyses, however, did not reveal a
relationship of these lymphocytic infiltrates and the clinical
course.17 In contrast, in the invasive margin, immune cell
infiltrations showed remarkably strong variations between
different patients and allowed prediction of responses to
chemotherapy.13,17 While the only few T cells in contact
with the tumor or within the epithelial compartment are
generally regarded as being engaged in direct antitumor
activity, more distant T cells might be blocked by immuno-
suppressive factors and exploited by the tumor.18-20 It is
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therefore of high interest to analyze differences in this dis-
tribution. The spatial distribution of T cells at the invasive
margin of colorectal cancer LM has not been investigated in
detail. The aim of this study was to explore the pattern of
detailed T cell distribution in the invasive margin of CRC-
LM patients using automated high-throughput image quan-
tification analyses on whole slide sections samples. This
quantitative approach allows the identification of distribu-
tion patterns in 10 mm steps within 100 mm distance from
the tumor border and represents a high-resolution map of
tumor infiltrating cells. By using serial sections, T cell dis-
tance analysis not only to the tumor tissue but also to the
existing barriers like immunosuppressive cells is possible.
Surface tissue areas of 36 patients were analyzed, allowing
robust statistical evaluation. Clustering analyses revealed
distinct distribution patterns that could be associated with
improved overall survival (OS).

Results

The classification of the 10 mm distance classes within the
100 mm area between the tumor and adjacent liver as out-
lined in Fig. 1 and the following cell quantification analyses
could be performed successfully for all 36 patients. Thereby,
bar plots for all distance classes were generated. This
revealed distinct patterns that were detectable within each
patient. For CD3, T cell quantification representative results
of different patients are shown in Fig. S1. Apparently, CD3
T cells are located in all distance classes with maximum
densities at different distances.

As shown in Fig. 2, the distribution of CD3 cell densities
obviously varied between the different distance classes (Krus-
kal–Wallis test, p D 0.0001). The statistically significant differ-
ences between adjacent distance classes are marked by asterisks
(post-hoc Mann–Whitney U tests). It was observed that in the
20–30 mm distance class median T cell densities significantly
decreased below 100 cells/mm2, whereas in the distance classes
closer than 20 mm and further away than 30 mm from the
tumor epithelium median densities higher than 150 cells/mm2

were found. To identify patterns of T cell densities, unsuper-
vised clustering was performed. To avoid possible bias due to
different lengths of the invasive margin between different
patients, we randomly selected one single field from each
patient for further pattern analysis. The clustering analysis
revealed distinct groups as shown in Fig. 3 (non-informative
distance classes were removed stepwise, informative distance
classes shown). The adjacent distance classes 10–20 mm and
20–30 mm clustered, whereas the most proximal distance clas-
ses (< 10 mm) and the classes with the highest distance from
the tumor epithelium (90–100 mm) were found to be least
related to the 20–30 mm distance classes. Furthermore, cluster-
ing of patients according to their T cell densities within single
distance classes was observed. Survival analysis comparing
patients with high and low CD3 T cell densities within each dis-
tance class resulted in a significant prolongation of OS for
patients with high CD3 cell numbers in the most proximal dis-
tance class (< 10 mm), while in the 20–30 mm region a signifi-
cant prolongation of survival for patients with low T cell
numbers was observed (Fig. 4). No significant differences
between high and low T cell infiltrates were found in all other
distance classes.

To get a more detailed picture of the CD3 cell distribution
pattern, we did a similar distribution and survival analysis
(only CD8C) in representative patient samples for CD8C (n D
10), Granzyme B (n D 6), CD163 (n D 4) and CD20 (n D 4)
as shown in Fig. 5 (and Fig. S2). Especially, GranB was found
to significantly “decrease” at the distance of 20–30 mm (Wil-
coxon signed-rank test, p D 0.03) following a significant
increase further away from the tumor (p D 0.03). In line with
this, also CD8C cells slightly but significantly decreased in the
20–30 mm region (p D 0.049). CD8C cells, however, were
rather evenly distributed among the whole area analyzed with
a median cell number of »87 cells/mm2. Furthermore, sur-
vival analysis showed that high CD8C infiltrates in the
>10 mm region significantly elongated OS similar to CD3
(Fig. 6). Nevertheless, no significant differences between
CD8C high and low infiltration were observed in the other
distance classes. In contrast to the T cells, CD163

Figure 1. (A) Representative invasive margin of a CRC liver metastasis with annotations (CD3 positive lymphocytes appear dark brown). (B) The invasive margin of liver
metastases is analyzed separately, encompassing 100 mm into normal adjacent liver from the tumor epithelium. Shaded areas highlight distinct distance classes of
10 mm in relation to the tumor epithelium.

e1286436-2 A. BERTHEL ET AL.



Figure 2. Boxplots of identified CD3 T cell densities in different distance classes of 36 patients. Statistically significant differences between adjacent distance classes are
marked with asterisks (p values given for Kruskal–Wallis with post-hoc Mann–Whitney U tests).

Figure 3. Heatmap based on unsupervised clustering encompassing randomly selected single fields from all 36 patients. Color code indicates clustering of patients
according to their relative T cell densities within single distance classes.
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macrophages showed a trend to increase in the 20–30 mm dis-
tance class (Fig. 5). While in the other distance classes CD163
cells were rather evenly distributed with a median of »200
cells/mm2, the distribution of CD20 cells was found to be
more heterogenous with least cells at the tumor border, and
slightly increasing densities further away (Fig. 5 and Fig. S2).
From all cell types analyzed, GranB and CD20 cells appeared
to be the smallest populations present in the tissues with
median cell counts of 9 and 16 cells/mm2, respectively. In

Figs. S3 and 4, representative images of CD3, CD8C, GranB,
CD163 and CD20 immunostainings are shown.

In the course of this analysis, we further wanted to
understand whether CD163 cells achieve immunosuppres-
sive effects against T cells. We hypothesized that both cell
types might be in close contact with each other and there-
fore analyzed the localization of T cells in relation to
CD163 macrophages using serial section analysis (Fig. 7).
We identified that 52–81% (median 68%) of CD3

Figure 4. Kaplan–Meier plots for estimated overall survival probabilities of CD3 T cell high and CD3 T cell low patient groups within all distance classes. Graphs indicate
cumulative survival (y-axis) and survival in months (x-axis). p values for statistically significant differences between groups are shown (Breslow test). Cutoff values are
taken from previous works.6,13
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lymphocytes within the tumor microenvironment were in
close contact (< 10 mm) with CD163 macrophages. In
addition, immunofluorescent double staining of CD163 and
programmed death-ligand 1 (PD-L1) showed that the
majority of CD163 macrophages were PD-L1 positive
(Fig. 8).

Figure 6. Kaplan–Meier plots for estimated overall survival probabilities of CD8C

high and low patient groups within the first three distance classes. Graphs indicate
cumulative survival (y-axis) and survival in months (x-axis). p values for statistically
significant differences between groups are shown (Breslow test). Cutoff values are
taken from previous works.6,13

Figure 5. Boxplots of identified CD8C, GranB, CD163 and CD20 cell densities in different distance classes. Statistically significant differences between adjacent distance
classes are marked with asterisks (Wilcoxon signed-rank test; blue p values given for paired t-tests; patient numbers for CD8C n D 10, GranB n D 6, CD163 n D 4 and
CD20 n D 4).

Figure 7. Processing of serial section images for the quantification of distances
between CD3 T cells and CD163 macrophages.
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Discussion

Image analysis is a powerful tool to analyze spatial distributions
as well as patterns of cells in the tumor microenvironment25,26

and allows in combination with virtual microscopy the auto-
mated analysis of large tissue areas. Among the inflammatory
cells in the composition of the tumor stroma and epithelium, T
cells play a crucial role in regulating tumor growth and progres-
sion. It was shown that the invasive margin and its immune cell
composition are predictive for the clinical course of can-
cer,6,13,17,27 and that immunophenotypes and distribution of
those can change under therapy.28 Whereas the sheer quantity
of T cells is associated with clinical outcome,6-9,13,29 it has not
yet been established whether there are any significant differen-
ces in the spatial distribution of T cells at the invasive margin.
For this reason, we have investigated the detailed localization of
CD3eC T cells in the invasive margin of colorectal cancer LM.
CD3e is a pan-T cell marker and shows great heterogeneity in
distribution intratumorally and at the invasive margin.17 The
interface between metastatic liver lesions and adjacent liver
allows the precise evaluation of T cell localization, while in the
primary tumor the heterogeneity is much more pronounced
and is therefore difficult for this analysis.15

The analyzed regions within 100 mm distance from the
tumor show a significant “drop” of T cell density in the region
of 20–30 mm from tumor epithelium, whereas higher T cell
densities are found in close proximity and more far away from

the tumor as schematically shown in Fig. 9. Similar examina-
tion of CD8C cells revealed that this CD3 T cells subset is like-
wise affected by showing a slight but significant “drop” at 20–
30 mm from the tumor. The ratio between CD8C and CD4C

cells varied across distance classes. In general, the CD8C cell
numbers observed among the complete analyzed regions from
0 to 100 mm were »45% (87 cells/mm2) of the CD3 cell num-
bers (195 cells/mm2) leading to the assumption that the other
major CD3 cell subtype (CD4C) is evenly present in this area.
This is, however, not the case at the location of the T cell
“drop” in the 20–30 mm region. Here, a median of »90 CD3
cells/mm2 and »67 CD8C cells/mm2 was counted, meaning
that CD4C cells are more affected to decrease in this region.
Interestingly, when examining spatial cytotoxic activity by
GranB immunostaining it was likewise found to be significantly

Figure 8. Immunofluorescent double staining for CD163 (red) and PD-L1 (green) at the invasive margin. Dashed lines separate the tumor (top left) from the adjacent liver.
DAPI was used as counterstain.

Figure 9. Overview of the observed T cell densities (gray cells) in relation to the
distance to the tumor epithelium (red cells).
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decreased at the 20–30 mm distance. As natural killer cells have
been shown to be very rare in CRC-LM, cytotoxic CD8C T cells
are supposed to be the main source of GranB.30 These findings
strikingly confirm not only a reduction of cell quantities but
also a reduction of cytotoxic T cell function at the 20–30 mm
region.

Those new observations prompted us to further investigate
the possible factors involved in this heterogenous T cell distri-
bution patterns. As regulatory T cell numbers are generally low
in CRC-LM (3.5 cells/mm2),13 we decided to repeat our spatial
distribution analysis to examine the localization of CD20 B cells
and CD163 macrophages. This latter tumor-associated macro-
phage (TAM) population, which is characterized by a tumor-
promoting and immunosuppressive phenotype and associated
with poor clinical outcome in many different tumors,31-33 we
found highly enriched in CRC-LM tissues (»200 cells/mm2).
In our exploratory analyses, we noticed an increase (p D 0.068)
at the 20–30 mm region, whereas no relevant differences
between the other examined distances classes were observed.
This opposite distribution to the T cells leads to the assumption
that CD163 cells fill the gap between the tumor distant and
tumor proximal T cells. Our data suggests that CD163 macro-
phages are forming a physical barrier which only a specific T
cell subset can overcome. Even more important, this barrier
could have functional impact, because it also marks the border,
where cytotoxic GranB significantly decreased at the tumor
margin. Indeed, TAM have been shown to directly suppress T
cell responses through immune inhibitory checkpoint mole-
cules like PD-L1.34,35 Interestingly, these PD-L1 positive TAM
were also found to be in close contact with T cells. This data
goes in line with our own results showing a high percentage
(68%) of T cells being in direct contact with CD163 macro-
phages, and furthermore, the majority of CD163 cells in the
invasive margin were found to express PD-L1. Our data, there-
fore, suggests itself that TAM directly suppress T cells and con-
sequently GranB production via immune checkpoints. The fact
that in the invasive margin of CRC-LM 98% of all CD3 T cells
express the checkpoint receptor PD-1 further encourages this
assumption.19 In contrast to CD163, the distribution of CD20
B cells is very heterogenous among the distance classes with
lower cell densities at the tumor border and increased densities
further away (p D 0.062). The role of tumor-infiltrating CD20
B cells is controversial. Some studies report about a protective
role against tumors,36-38 whereas others connect B cells with
enhanced tumor growth and suppression of antitumor immu-
nity.36,39,40 Notably, B cells can polarize macrophages toward
immunosuppressive phenotypes.41 Nevertheless, B cell num-
bers appeared to be very low with »16 cells/mm2 among the
complete tissues analyzed and especially compared with CD163
(»200 cells/mm2) a minor role for CD20 B cells is presumed.
Besides immunosuppressive cells, the distribution of the T cells
in the tissues could also be accounted for other factors. Chemo-
tactic fields, which might be generated by tumor, endothelial
cells or even macrophages, could induce the observed T cell dis-
tribution patterns.19,42 Another explanation could be cell-
matrix interactions.43,44 Physical properties of the extracellular
matrix can influence directional cell movement and might gov-
ern the positioning of T cells in the direct vicinity of tumor
cells. In addition, CD31, which is a marker for angiogenesis

and expressed on endothelial cells, also has a functional role in
leukocyte migration.45,46 We analyzed two CRC-LM patient tis-
sues for detailed distribution of CD31 (Fig. S5). Nevertheless,
CD31 area was generally very high and showed strong hetero-
geneity among patients (»700–8,000 mm2). In addition to that,
CD31 can be expressed by leukocytes including T cells and
thereby even having inhibitory effects on T cell activation46,47

underscoring its highly diverse role in tumors. In this study, we
performed a high-resolution analysis of different immune cell
subsets. Consequently, the detailed functional mechanisms and
cell interactions involved in the detected spatial T cell distribu-
tion patterns need to be investigated in future studies. The clear
limitation of our study is the low sample number for some
markers that limited our ability to identify statistically signifi-
cant differences between the distance classes.

Whereas we could not see distinct patterns limited to single
patients (data not shown), the clustering analysis revealed that
specific groups of patients show patterns of CD3 T cell aggre-
gates, which were limited to a given region (e.g., 0–10 mm or
20–30 mm, Fig. 3). Indeed, OS analysis showed that patients
with high T cell densities (CD3 as well as CD8C) within the
>10 mm distance class had a survival benefit compared with
patients with low T cells in the aforementioned distance
(Figs. 4–6). Interestingly, the opposite effect was found at the
20–30 mm distance from the tumor. Here, low CD3 T cell num-
bers had positive effects on patient survival. Consequently,
despite the physical or functional T cells barrier, the observed
pattern of T cell distribution at 20–30 mm distance obviously is
beneficial for patients (under palliative therapy). When consid-
ering this observation from the other side, high T cell numbers
unexpectedly might have a tumor promoting effect. Our own
previous work illustrated the exploitation of CCL5-producing
T cells in the invasive margin of CRC-LM patients by support-
ing CCL5 receptor (CCR5)-expressing tumor cells.19 Further-
more, blockade of CCR5 led to repolarization of TAM resulting
in beneficial clinical responses. These findings might explain,
why especially in patients with low T cells in the 20–30 mm
region a better survival is observed than in patients with high T
cell numbers, and furthermore, it shows that reeducated mac-
rophages, which were found to be increased at the 20–30 mm
distance and which are in fact generally high in the invasive
margin, can render antitumor effects under therapy. In addi-
tion to that, our results indicate that T cell induced antitumor
effects can be conducted by T cells that have engaged the tumor
margin at the 0–10 mm distance class, which is indeed also true
for the cytotoxic CD8C subtype, while T cells further away
remain blocked. The contrary outcome of our detailed distribu-
tion analysis that both localization-dependent high as well as
low T cell numbers have clinical benefit might explain startling
observations for similar tumors, where in one study high48 and
in another study low T cell densities49 indicate prognostic rele-
vance. Our finding might further elucidate related controversial
observations, where studies identify high densities of immuno-
suppressive cell populations being associated with favorable
prognosis.31,50,51 The reasons for the controversial observation
of local T cell decrease being associated with favorable progno-
sis and if the observed patterns change under therapy are
currently investigated. The paradoxical observation of localiza-
tion-dependent prognostic relevance of T cell densities is only
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decipherable by detailed spatial analyses. Therefore, the analy-
sis of spatial distribution patterns at higher resolution, and
especially the distance classes <10 and 20–30 mm alone, could
serve as more precise prognostic markers for responses to che-
motherapy and OS compared with cell densities measured on a
broader scale.

In summary, we present here for the first time detailed data
on the local spatial distribution of immune cells in colorectal
cancer LM. Thereby, distinct patterns of immune cells reveal a
physical or functional T cell barrier at 20–30 mm distance from
the tumor epithelium with decreased T cell and cytotoxic Gran
B densities as well as increased CD163 macrophages. These
specific distribution patterns with either high T cells at the
direct tumor border or low T cells at the 20–30 mm distance
are associated with improved OS. This detailed analysis of spa-
tial profiles within the microenvironment, therefore, represents
new insights into T cell distribution, function as well as influ-
ence of T cell localization on clinical responses and introduces
possible spatial immunosuppressive hurdles that need to be
overcome by successful immunotherapies. We suggest the anal-
ysis of spatial profiles within the < 10 and 20–30 mm distance
from the tumor epithelium as new predictive biomarker for
survival and response to therapies.

Materials and methods

Tissue samples

The study was approved by the Medical Ethics Committee of
the University of Heidelberg. Tumor samples were used after
receiving a signed informed consent from all 36 patients.
Patients were included in this study when diagnosed with stage
UICC IV CRC after metastatic disease in a surgically resected
liver metastasis was histologically proven. None of the patients
received neoadjuvant treatment. Samples had to contain (a)
metastasis, (b) invasive margin and (c) adjacent liver (Fig. 1A).
Patients received standard of care palliative therapies and fol-
low-up was obtained as described previously.13 All samples
were screened for microsatellite instability (MSI) using estab-
lished protocols.21 No MSI sample was included in this analysis.
Clinical data as well as detailed pathological reports showed no
evidence for the presence of ethyltoxic liver damage, chronic
inflammation due to ongoing infections (e.g., hepatitis) or other
chronic inflammatory conditions.

Immunohistochemistry and immunofluorescence staining

Tissue sections (4 mm) were prepared from formalin-fixed,
paraffin-embedded material for sequent immunohistochemi-
cally detection of T cells (CD3C, CD8C), Granzyme B
(GranBC), B cells (CD20C) and TAM (CD163C). All proc-
essing steps were performed with a fully automated staining
system (Leica BOND-MAXTM, Leica Microsystems, Ger-
many) to achieve maximum reproducibility. Briefly, after
deparaffinization and rehydration, slides were boiled for
20 min in either 10 mM citrate buffer (pH 6) for CD3,
CD8C and CD20 or 1 mM EDTA buffer (pH8) for CD163
and GranB to retrieve the antigens. The endogenous peroxi-
dase activity was blocked by incubation with 3–4% (v/v)

hydrogen peroxide for 10 min. The sections were blocked
with 10% normal goat serum. Mouse monoclonal antibodies
recognizing human CD3e (1:50 dilution, clone PS1, Acris
#DM112–05), CD8C (1:50 dilution, clone 4B11, Novocastra
#NCL-CD8–4B11), CD20 (1:50 dilution, clone L26, Novo-
castra #NCL-L-CD20-L26), GranB (1:20 dilution, clone
11F1, Novocastra #NCL-Gran-B) and human CD163 (1:500
dilution, clone EDHu-1, AbDSerotec #MCA1853) were
applied as primary antibodies for 30 min at room tempera-
ture. Slides were then incubated with the secondary anti-
bodies and subsequent visualization was performed
according to the manufacturer’s instructions (Bond Polymer
Refine Detection Kit, Leica #DS9800). Antigen detection
was performed by a color reaction with 3,3-di-amino-benzi-
dine (DAB). The sections were counterstained with hema-
toxylin and mounted with Aquatex (VWR #1085620050).
Controls without primary antibody and isotype controls
were used for all antibodies. Positive controls for the pres-
ence of T cells and macrophages consisted of adjacent nor-
mal tissue.

For immunofluorescence double staining of CD163 (1:1000
dilution, clone EPR19518, abcam #ab182422) and PD-L1 (1:100
dilution, clone 29E.2A3, BioLegend #329710) deparaffinization
and rehydration of slides was performed following 20 min in
1 mM EDTA buffer (pH8) to retrieve the antigens. After incuba-
tion of the first primary antibodies overnight at 4 �C, secondary
antibodies (Alexa Fluor 594, Life Technologies #A21207; Alexa
Fluor 488, Life Technologies #A-11029) were applied for 1 h. DAPI
(AppliChem #1001) was used for counterstain and sections were
mounted using Vectashield (Vector #H-1000).

Evaluation of immunostainings and tissue classification

Using the NDP Nanozoomer system (Hamamatsu Photonics,
Japan) complete microscopic images of full tissue sections were
automatically obtained. Cell quantification and distance analy-
sis were performed with the VisioMorph software (Visiopharm,
Denmark). Image segmentation and subsequent classification
according to color and morphology was established on a sepa-
rate training set with manually counted cell numbers previ-
ously.22 This approach in combination with serial cuts of tissue
blocks allows robust and reproducible large scale histological
evaluations with high precision across complete (adjacent)
sections.

1 mm2 regions of the invasive margin (Fig. 1A) were generated
in an automated process, visually controlled and adapted corre-
spondingly. Then, the positions of the T cells in relation to the
tumor epithelium were identified in consecutive 10 mm steps
(Fig. 1B). Distances to tumor epitheliumwere grouped into distinct
classes (distance classes), e.g., “below 10 mm,” “10–20 mm,” “20–
30mm” and so on. So for each tissue section, T cell quantities in 10
distance classes within 100mm from the tumor epithelium into the
normal adjacent liver were established. Immune cells and other
markers were quantified in this process by spectral andmorpholog-
ical criteria as described before15,22 in combination with aggrega-
tion of data from the spatial registry.

To evaluate the distance between CD163 macrophages and
T cells within the tumor microenvironment, serial sections
were stained with the respective markers and after scanning of
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the sections, these were computationally analyzed using Visio-
Morph software (Fig. 7).

Statistical analyses

Statistical analyses were performed using the SPSS 18.0 and 22
packages (IBM) as well as GraphPad Prism version 5. To dis-
criminate CD3 cell counts between distance classes Kruskal–
Wallis tests with post-hoc Mann–Whitney U tests were per-
formed. Results with two-tailed p values <0.01 were judged to
be statistically significant. Boxplots depict the minimum, first
quartile, median, third quartile and maximum. Measurements
with values between 1.5 and 3 lengths of the box away from the
upper and lower border of the box were classified as outliers
(white circles). The length of the box equals the interquartile
range. To discriminate cell counts between single distance classes
for CD8C and GranB Wilcoxon signed-rank and for CD20 and
CD163 paired t-tests were performed. Results with two-tailed p
values <0.05 were judged to be statistically significant. Unsuper-
vised hierarchical clustering analysis using Euclidean distance
was performed with the R software package.23 OS curves were
computed using the Kaplan–Meier estimator (Breslow test) and
significance was assumed for p values of 0.05 or less. Cutoff val-
ues were adapted (quantile-quantile class) from previous work,13

which is in line with findings from primary CRC tumors.24
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