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Summary

Purpose: Primary cilium (PC) is considered to be a func-
tional homologue of the immune synapse. Microtubule
structures, PC of cancer associated fibroblasts and immune
synapses between cytotoxic CD8+ tumor infiltrating lym-
phocytes (TILs) and cancer cells, are regularly found in
varying amounts in the microenvironment of solid tumors.
The purpose of this study was to find out the potential as-
sociation and combined prognostic significance of the fre-
quency of PC, PD-1 and CD8+ TILs in patients with intes-
tinal cancer.

Methods: The frequency of PC, programmed cell death
protein-1 receptor (PD-1) expression and the frequency
of stromal and intraepithelial CD8+TILs were evaluated
in samples of colorectal adenocarcinoma (32 patiens) and
small bowel cancer (8 patients).

Results: The median frequency of PC was 0.25%. The ex-
pression of PD1 was <5% in 34 patients, 5-25% in 5 patients
and 26-50% in 1 patient. The frequency of stromal CD8+

Introduction

Primary cilium is considered to represent a
functional homologue of the immune synapse
due to morphological and functional similarities

TILs was negative in 3 patients, <25% in 26, 26-50% in 10
and >50% in 1 patient, respectively. Intraepithelial CD8+
TILs were not detectable in 14, <25% in 24 and 26-50% in
2 patients, respectively. Statistically, the frequency of PC
and PD-1 positivity were significantly associated (p=0.004).
An association between the PC frequency and intraepithe-
lial CD8+ TILs was of borderline statistical significance
(p=0.059). An index combining the frequency of PC and stro-
mal CD8+ TILs, but not the combination of frequency of PC
and intraepithelial CD8+ TILs, was of borderline prognostic
significance (p=0.0067).

Conclusions: The present study provides the first data on
the potential association and combined prognostic signifi-
cance of frequency of PC, PD-1 and CD8+ TILs in patients
with intestinal cancer.

Key words: CD8+ tumor infiltrating lymphocytes, colorec-
tal adenocarcinoma, primary cilia, small bowel adenocarci-
noma, programmed cell death protein 1

in architecture. In both microtubule structures
(primary cilium and immune synapse), the exo-
cytosis and endocytosis are focused at the point
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of centrosome docking [1]. Ciliary intraflagellar
transport and Hedgehog proteins are found in T
cells [2], and both structures form important sign-
aling platforms [3,4]. This highlights a potential
origin of the immune synapse as a modified pri-
mary cilium [5].

The primary cilium is an immotile solitary
sensory microtubule-based organelle which pro-
trudes during the quiescent phase of cell cycle
from the surface of most human cells with the ex-
ception of hematopoetic cells (lymphocytes) [6].

Favorable prognostic and predictive signifi-
cance of high density of CD8+TILs has been re-
peatedly demonstrated across a spectrum of dif-
ferent primary tumors [7,8]. Recently we reported
positive prognostic significance of primary cilia
in tumor microenvironment in intestinal cancer
[9]. A hypothesis that primary cilia could serve as
a tumor suppressor organelle has been proposed
[10,11]. However, so far both parameters have not
been evaluated simultaneously within the same
group of patients. Both microtubule structures,
i.e. primary cilia of cancer-associated fibroblasts
and immune synapses between cytotoxic CD8+
TILs and antigen-presenting or cancer cells, are
regularly found in varying amounts in the micro-
environment of solid tumors. These could, in fact,
represent two sides of the same coin. To inves-
tigate solely CD8+ TILs frequency may provide
only a part of the information. The second part of
the information may be the frequency of primary
cilia in tumor microenvironment, which is not
routinely investigated, though it is not difficult to
assess nor expensive.

The final effector mechanism of antitumor im-
mune response relies mainly on cytotoxic T lym-
phocytes recognizing nonself antigens, ultimately
leading to tumor cell killing via immune synapse
[12]. The immune synapse is a temporary interface
between an antigen-presenting or cancer cell and
the effector lymphocyte [13]. One mechanism by
which cancer cells limit the formation of immune
synapse is via upregulation of programmed death-1
ligand PD-L1 and its ligation to programmed death
protein-1 receptor (PD-1) on CD8+ TILs (termed
adaptive immune resistance) [14-16]. Immune
checkpoint blockade using anti-PD-1 antibodies,
such as nivolumab and pembrolizumab, seems to
be an approach with the most potential [17].

While primary cilia can be directly displayed
and quantified [9,18], it is difficult to do the same
with CD8+ TILs at the moment of forming the
immune synapse and attacking the cancer cells.
Closest approximation is thus the simultaneous
immunohistochemical demonstration of CD8+
TILs and PD-1 expression.
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The aim of this pilot study was to investigate
the relationships and correlated prognostic sig-
nificance of the frequency of primary cilia, PD-1
and CD8+ intraepithelial and stromal TILs in the
same group of patients with intestinal cancer.

Methods

Patients

In a previous study we reported the prognostic
significance of primary cilia in 40 patients with intes-
tinal cancer [9]. In the present investigation we used
this prior cohort of patients with already determined
frequency of primary cilia and added the examina-
tion of the PD-1 as well as intraepithelial and stromal
CD8+ TILs expression. We retrospectively evaluated tu-
mor tissue blocks of 8 patients, 7 males and 1 female,
with small bowel adenocarcinoma, median age of 67
years (range 50-79) and 32 patients, 15 males and 17
females, with colorectal adenocarcinoma, median age
of 69 years (range 48-88). All patients were treated at
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Figure 1. A: PD-1 expression using mouse monoclonal
primary antibody in colorectal cancer. Indirect immuno-
histochemistry was used with mouse monoclonal primary
antibody against PD-1 (NAT-105, Cell Marque,Darmstadt,
Germany). Original magnification 100x. B: CD8+ expres-
sion of cytotoxic T lymphocytes using human antibody in
stromal areas of colorectal cancer. Indirect immunohisto-
chemistry was used with mouse monoclonal primary an-
tibody against CD8 (M7103, DAKO, Glostrup, Denmark).
Original magnification 100x.



Association of combined parameters with the outcome in intestinal cancer

1479

the Department of Oncology and Radiotherapy, Charles
University Medical School Teaching Hospital, Hradec
Kralove, Czech Republic. The prognostic significance of
PC was previously studied in the same cohort [9].

Immunofluorescence

Primary cilia of cells were demonstrated by im-
munofluorescence using anti-acetylated tubulin-alpha
antibody and the nuclei of the cells were visualised us-
ing DAPI labeling. The percentage of primary cilia on
cells was counted as a primary cilia to cell nuclei ratio
as described previously [9,18].

Immunohistochemistry

An indirect immunohistochemistry using mouse
monoclonal primary antibodies against PD-1 (NAT105,
Cell Marque, Darmstadt, Germany; Figure 1A) and CD8
(M7103, Dako, Glostrup, Denmark; Figure 1B) was used.
All slides were assessed for PD-1 and for quantity of in-
traepithelial and stromal CD8+ TILs by an experienced
pathologist, ignorant of the treatment results of the pa-
tients. The immunohistochemical evaluation of PD-1 ex-
pression and CD8+ TILs was scored semi-quantitatively.
The extent of PD-1 staining was evaluated as follows: 0
(<5%), 1 (5-25%), 2 (26-50%), 3 (51-75%) and 4 (>75%).
Presence of intraepithelial/stromal CD8+TILs compared
with the total amount of nucleated cells was quanti-
fied as follows: O - negative CD8+ TILs, 1 - <25% CD8+
TILs, 2 - 25<50% CD8+ TILs and 3 - >50% CD8+ TILs.

Statistics

Standard descriptive statistics were used to char-
acterized the cohort. Categorical variables were sum-
marized by absolute (relative) frequencies while median
(range) and mean (standard deviation) were used to sum-
marize the continuous variables. The relative frequency
of primary cilia was estimated with the corresponding
95% confidence intervals (95% CI). Differences in cat-
egorical variables were assessed with Fisher exact test
and the differences between continuous variables were
assessed with the Mann-Whitney U test or with the
Kruskal-Wallis test. The survival outcomes were esti-
mated using the Kaplan-Meier method. Log-rank test
and Cox proportional hazard regression models were
used for univariate and multivariate analyses of time-
to-event data, respectively. Resulting estimates of hazard
ratio (HR) were calculated with corresponding 95% CI.

Results

Primary cilia were detected in all adenocarci-
noma samples analyzed. As previously reported,
the median frequency of the primary cilia was
0.25% (0.07-0.71%) [9]. The expression of PD-1
was (<5%) in 34 patients, 5-25% in 5 patients, and
26-50% in 1 patient. The expression of stromal
CD8+ TILs was negative in 3 patients, <25% in 26
patients, 26-50% in 10 patients and >50% in 1 pa-
tient, while intraepithelial CD8+ TILs were nega-

tive 14 patients, <25% in 24 patients and 26-50%
in 2 patients.

Descriptive statistics are summarized in Table
1. Association of the patient characteristics with
the frequency of primary cilia is shown in Table 23,
with stromal CD8+ TIL in Table 2b, with intraepi-
thelial CD8+ TIL in Table 2c and with PD-1 positiv-
ity in Table 2d, respectively. A statistically signifi-
cant association was noted between the frequency
of primary cilia and PD-1 positivity (p=0.004; Table
2a) and between CD8+ stromal TILs and CD8+ in-
traepithelial TILs (p=0.005; Table 2b and 2c).
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Figure 2. A: Survival according to combination of the fre-
quency of primary cilia and stromal CD8+ TILs of all pa-
tients with intestinal adenocarcinoma (n= 40). B: Survival
according to combination of the frequency of primary cilia
and intraepithelial CD8+ TILs of all patients with intesti-
nal adenocarcinoma (n=40). C: Survival according to com-
bination of the frequency of primary cilia and PD1+ of all
patients with intestinal adenocarcinoma (n= 40).
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When evaluating all patients with intestinal
adenocarcinoma (n=40), overall survival was signif-
icantly longer in patients with higher frequency of
primary cilia than in patients with lower frequency
in the Cox proportional hazard model (p=0.032;
Table 1 and 3a). Tables 3b, 3c and 3d show that
neither PD-1 nor CD8+ TILs were significantly as-
sociated with survival in univariate analysis in this
cohort of patients.

Table 4 shows borderline prognostic sig-
nificance of the combination of frequency of pri-

Table 1. Characteristics of the cohort

mary cilia and expression of stromal CD8+ TILs
(p=0.067), but not of the combination of frequency
of primary cilia and expression of intraepithelial
CD8+ TILs.

A trend indicating prognostic significance
of an index combining the frequency of prima-
ry cilia and stromal CD8+ TILs (p=0.051; Figure
2A), frequency of primary cilia and intraepithelial
CD8+ TILs (p=0.056; Figure 2B) and frequency of
primary cilia and PD-1 (p=0.016; Figure 2C) was
observed.

All Small intestine Colorectum p value
(n=40) (n=8) (n=32)
n (%) n (%) n (%)
Gender 0.054
Female 18 (45.0) 1(12.5) 17 (53.1)
Male 22 (55.0) 7 (87.5) 15 (46.9)
Age (years)* 68.0 (48.0;88.0) 67.0 (50.0;79.0) 69.0 (48.0;88.0) 0.542
68.6 (9.5) 66.0 (8.1) 69.3 (9.8)
pT 0.700
1 2 (5.0 1(12.5) 1(3.1)
2 7 (17.5) 1(12.5) 6 (18.8)
3 23 (57.5) 5(62.5) 18 (56.3)
4 8 (20.0) 1(12.5) 7 (21.9)
PN** 0.274
0 21 (53.8) 6 (85.7) 15 (46.9)
1 11 (28.2) 1(14.3) 10 (31.3)
2 7 (17.9) 0 (0.0) 7 (21.9)
TNM stage 0.131
I 9 (22.5) 2 (25.0) 7 (21.9)
II 12 (30.0) 5(62.5) 7 (21.9)
III 13 (32.5) 1(12.5) 12 (37.5)
v 6 (15.0) 0 (0.0) 6 (18.8)
Frequency of cilia* 0.25 (0.06;0.71) 049 (0.29;,0.71) 0.22 (0.06;0.60) < 0.001
0.29 (0.17) 0.50 (0.14) 0.24 (0.13)
Stromal CD8+ TILs 0.163
0 3(7.5) 0 (0.0) 3(9.4)
1 26 (65.0) 4 (50.0) 22 (68.8)
2 10 (25.0) 3 (37.5) 7 (21.9)
3 1(2.5) 1(12.5) 0 (0.0
Intraepithelial CD8+ TILs 0.026
0 14 (35.0) 0 (0.0 14 (43.8)
1 24 (60.0) 7 (87.5) 17 (53.1)
2 2 (5.0) 1(12.5) 1(3.1)
PD1+ expression 0.082
0 34 (85.0) 5(62.5) 29 (90.6)
1 5(12.5) 2(25.0) 3(9.4)
2 1(2.5) 1(12.5) 0 (0.0)

Categorical variables described by absolute (relative) frequencies and differences between small intestine and colorectal primary
are tested by Fisher exact test. Continuous variables described by median (minimum; maximum), mean (standard deviation) and
differences between small intestine and colorectum are tested by Mann-Whitney test.

*Median (range) and mean (SD); ** No information about pN in 1 patient (with small intestine). Bold numbers denote statistical

significance.
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Table 2a. Association of patient characteristics and the frequency of primary cilia

Frequency of cilia p value
n Median (range) Mean (SD)
Gender 0.030!
Female 18 0.21 (0.06;0.48) 022 (0.12)
Male 22 0.27 (0.09;0.71) 0.34 (0.18)
Age (years) 0.5882
<60 4 0.27 (0.09;0.64) 0.32 (0.24)
60-69 21 0.26 (0.06;0.71) 0.32 (0.18)
70-79 8 0.21 (0.14;0.49) 0.27 (0.13)
=80 7 0.25 (0.07;0.32) 0.21 (0.09)
Primary <0.001!
Small intestine 8 0.49 (0.29;0.71) 0.50 (0.14)
Colorectum 32 0.22 (0.06;0.60) 0.24 (0.13)
Stage - small intestine 0.1842
I 2 0.45 (0.43;0.48) 0.45 (0.04)
II 5 0.59 (0.36;0.71) 0.56 (0.14)
I1I 1 0.29 (0.29;0.29) 0.29 (-)
v 0 - -
Stage - colorectum 0.3802
I 7 0.39 (0.06;0.60) 0.33 (0.21)
II 7 0.21 (0.12;0.30) 0.24 (0.09)
111 12 0.19 (0.07;0.32) 0.19 (0.08)
1Y 6 0.23 (0.17;0.35) 0.24 (0.06)
Stromal CD8+ 0.2392
0 3 0.19 (0.08;0.36) 0.21 (0.14)
1 26 0.24 (0.06;0.71) 0.26 (0.14)
2+ 11 0.43 (0.08;0.64) 0.37 (0.21)
Intraepithelial CD8+ TILs 0.0591
0 14 0.20 (0.08;0.49) 0.22 (0.10)
1+ 26 0.32 (0.06;0.71) 0.33 (0.18)
PD1+ expression 0.004!
0 34 0.23 (0.06;0.71) 0.26 (0.15)
1+ 6 0.45 (0.26;0.64) 0.46 (0.15)

1Differences tested by Mann-Whitney test; 2Differences tested by Kruskal-Wallis test; Bold numbers denote statistical significance.
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Table 2b. Association of patient characteristics and stromal CD8+ TILs

CD8+ stromal p value
n 0 (n=3) 1 (n=206) 2+ (n=11)
n (%) n (%) n (%)
Gender 1.000!
Female 18 1 (33.3) 12 (46.2) 5 (45.5)
Male 22 2 (66.7) 14 (53.8) 6 (54.5)
Age (years)
<60 4 1 (33.3) 1(3.8) 2(18.2) 0.162!
60-69 21 2(66.7) 12 (46.2) 7 (63.6)
70-79 8 0 (0.0) 6(23.1) 2(182)
>80 7 0 (0.0) 7 (26.9) 0 (0.0)
Primary 0.264!
Small intestine 8 0 (0.0) 4 (15.4) 4 (364)
Colorectum 32 3 (100.0) 22 (84.0) 7 (63.6)
Stage - small intestine 0.4291
I 2 0 (0.0 0 (0.0 2 (50.0)
II 5 0 (0.0 3 (75.0) 2 (50.0)
III 1 0 (0.0 1(25.0) 0 (0.0
v 0 0 (0.0 0 (0.0 0 (0.0
Stage - colorectum 0.2791
I 7 0 (0.0 3 (13.0) 4 (57.1)
II 7 1 (33.3) 5(22.7) 1(14.3)
111 12 1 (33.3) 9 (40.9) 2 (28.6)
v 6 1 (33.3) 5(22.7) 0 (0.0
Frequency of cilia* 40 0.19 (0.08;0.36) 0.24 (0.06;0.71) 0.43 (0.08;0.64) 0.2392
0.21 (0.14) 0.26 (0.14) 0.37 (0.21)
Intraepithelial CD8+ 0.005!
0 14 1 (33.3) 13 (50.0) 0 (0.0)
1+ 26 2 (66.7) 13 (50.0) 11 (100.0)
PD1+ expression 0.016!
0 34 2 (66.7) 25(96.2) 7 (63.6)
1+ 6 1 (33.3) 1(3.8) 4 (36.4)

Categorical variables are described by absolute (relative) frequencies.

Continuous variables are described by median (range) and mean (standard deviation).

1Differences tested by Fisher exact test; 2Differences tested by Kruskal-Wallis test; *Median (range) and mean (SD); Bold numbers
denote statistical significance.
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Table 2c. Association of patient characteristics and intraepithelial CD8+ TILs

CD8+ epithelial p value
Valid n 0 (n=14) 1+ (n=20)
n(%) n(%)
Gender 0.510!
Female 18 5(35.7) 13 (50.0)
Male 22 9 (64.3) 13 (50.0)
Age (years) 0.2001
<60 4 0 (0.0) 4(154)
60-69 21 6 (42.9) 15 (57.7)
70-79 8 4 (28.0) 4 (154)
=80 7 4 (28.0) 3 (11.5)
Primary 0.034!
Small intestine 8 0 (0.0) 8 (30.8)
Colorectum 32 14 (100.0) 18 (69.2)
Stage - small intestine -
I 2 0 (0.0 2 (25.0)
II 5 0 (0.0 5(62.5)
I11 1 0 (0.0) 1(12.5)
v 0 0 (0.0 0 (0.0
Stage - colorectum 0.6211
I 7 2 (14.3) 5(27.8)
II 7 3(21.4) 4(22.2)
111 12 7 (50.0) 5(27.8)
v 6 2 (14.3) 4(22.2)
Frequency of cilia 40 0.20 (0.08;0.49) 0.32 (0.06;0.71) 0.0592
0.22 (0.10) 0.33 (0.18)
Stromal CD8+ TILs 0.005!
0 3 1(7.1) 2(7.7)
1 26 13 (92.9) 13 (50.0)
2+ 11 0 (0.0) 11 (42.3)
PD1+ expression 0.0741
0 34 14 (100.0) 20 (76.9)
1+ 6 0 (0.0) 6(23.1)

Categorical variables are described by absolute (relative) frequencies.

Continuous variables are described by median (range) and mean (standard deviation).

1Differences tested by Fisher exact test; 2Differences tested by Mann-Whitney test; Bold numbers denote statistical significance.
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Table 2d. Association of patient characteristics and PD1+ expression

PD1+ p value
Valid n 0 (n=34) 1+ (n=06)
n(%) n(%)
Gender 0.6731
Female 18 16 (47.1) 2 (33.3)
Male 22 18 (52.9) 4 (66.7)
Age (years) 0.9131
<60 4 3 (8.8) 1(16.7)
60-69 21 18 (52.9) 3 (50.0)
70-79 8 7 (20.6) 1(16.7)
>80 7 6 (17.6) 1(16.7)
Primary 0.0821
Small intestine 8 5(14.7) 3 (50.0)
Colorectum 32 29 (85.3) 3 (50.0)
Stage - small intestine 0.1071
I 2 0 (0.0) 2 (66.7)
I 5 4 (80.0) 1 (33.3)
111 1 1 (20.0) 0 (0.0
Y 0 0 (0.0) 0 (0.0
Stage - colorectum 0.171t
I 7 6(20.7) 1 (33.3)
II 7 5(17.2) 2 (66.7)
II1 12 12 (41.4) 0 (0.0
v 6 6 (20.7) 0 (0.0
Frequency of cilia* 40 0.23 (0.06; 0.71) 0.45 (0.26; 0.64) 0.0042
0.26 (0.15) 0.46 (0.15)
Stromal CD8+ TILs 0.016!
0 3 2 (5.9) 1(16.7)
1 26 25 (73.5) 1(16.7)
2+ 11 7 (20.6) 4 (66.7)
Intraepithelial CD8+ TILs 0.0741
0 14 14 (41.2) 0(0.0)
1+ 26 20 (58.8) 6 (100.0)

Categorical variables are described by absolute (relative) frequencies.

Continuous variables are described by median (range) and mean (standard deviation).

1Differences tested by Fisher exact test; 2Differences tested by Mann-Whitney test; *median (range) and mean (SD); Bold numbers
denote statistical significance.
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Table 3a. Frequency of primary cilia as risk factor for Table 4. Survival analysis: combined risk index
overall survival*
HR (95% CI) p value
HR (95% CI) p value
Frequency of cilia +
Total (n=40) stromal CD8+
Frequency of cilia 0.004 0.143 Frequency of cilia < 0.187 5343 0.067
(continuous) (0000,6292) anquD8+y= 1+ (0892,32012)
Frequency of cilia 11.072 0.032 Frequency of cilia +
<0.187 (1.235:99.251) intraepithelial CD8+
Colorectum (n=32)
. Frequency of cilia < 0.187 3.858 0.140
Frequency of cilia 0.002 0.210 and CD8+ = 1+ (0.643;23.147)
(continuous) (0.000;35.688)
HR: hazard ratio, based on Cox proportional hazard model.
Frequency of cilia 7.892 0.065

<0.187 (0.881;70.713)

* Not calculated for small intestine because of small patient
number. HR: hazard ratio, based on Cox proportional hazard
model. Bold number denotes statistical significance.

Table 3b. Stromal CD8+ TILs as risk factor for overall
survival*

HR (95% CI) p value
Total (n= 40)
CD8+ = 1+ 0.440 (0.049;3.990) 0466
CD8+ = 2+ 0.099 (0.005;1.960) 0.130
CD8+ = 1+ & 2+ 0.333 (0.037;2.989) 0.326
Colorectum (n= 32)
CD8+ = 1+ - 0.879
CD8+ = 2+ 0.567 (0.063;5.093) 0.613
CD8+ = 1+ & 2+ 0.431 (0.048;3.868) 0.452

* Not calculated for small intestine because of small patient
number. HR: hazard ratio, based on Cox proportional hazard
model.

Table 3c. Intraepithelial CD8+ TILs as risk factor for over-
all survival*

HR (95% CI) p value
Total (n= 40)
Intraepithelial CD8+ = 1+ 0.771 (0.129;4.619) 0.776
Colorectum (n=32)
Intraepithelial CD8+ = 1+ 1.134 (0.189;6.796) 0.890

* Not calculated for small intestine because of small patient
number. HR: hazard ratio, based on Cox proportional hazard
model.

Table 3d. PD1+ as risk factor for overall survival*

HR (95% CI) p value
Total (n= 40)
. 0.032 0.394
PDL+ =1+ (0.000:86.227)
Colorectum (n=32)
0.043 (0.000;32 0.649

PDI+ =1+ 174.966)
* Not calculated for small intestine because of small patient
number. HR: hazard ratio, based on Cox proportional hazard
model.

Discussion

To the best of our knowledge, the present
study provides the first information about an as-
sociation and correlated prognostic significance
between the frequency of primary cilia, PD-1 ex-
pression and stromal or intraepithelial CD8+ TILs
in intestinal cancer.

Tumor tissue represents a heterogeneous
population of various components. Prior studies
have demonstrated that primary cilia are present
on stromal cells [19], but not on neoplastic cells,
TILs or endothelia. Our previous study identified
cilia in the intratumoral compartment and it is
possible that the suggested prognostic impact
of the presence of cilia reflects differences in the
composition of the tumor stroma [9].

Significant association between the presence
of CD8+ TILs and PD-1 expression was observed,
indicating that an index combining these variables
could increase the power to predict prognosis. The
frequency of primary cilia correlated significantly
only with PD-1, but not with the presence of CD8+
TILs. Therefore, PD-1 in combination with CD8+
TILs could be mutually independent predictors, in
particularly stromal CD8+ TILs.

Immune cells are among the important com-
ponents of the tumor stroma. Intraepithelial TILs
are in direct cell contact with cancer cells, while
stromal TILs are dispersed in the stroma. Despite
the somewhat controversial results in the litera-
ture, the latter seems to be superior and more re-
producible than intraepithelial TILs when used
to quantify TILs in cancer patients [12]. The pre-
sent study shows that combining the frequency of
primary cilia and stromal CD8+ TILs in an index
results in a complex biomarker of borderline sta-
tistical significance that, however, did not outper-
form the primary cilia frequency.

Heavy infiltration by CD8+ TILs is quite char-
acteristic in colorectal cancers with microsatellite
instability, which represents approximately 15%
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of sporadic colorectal cancer cases. Microsatellite
instability is associated with 10-50 fold higher
mutational load [14,20]. As previously shown, can-
cers with high gene mutational load have better
response to immune checkpoint inhibitor therapy
[14,20,21]. However, because of the limited num-
ber of patients, microsatellite instability was not
investigated in the present study.

Marked differences were observed in the fre-
quency of primary cilia, PD-1 and CD8 TILs in
individual patients. Because of an association of
primary cilia with several molecular pathways
targeted by novel antineoplastic agents, the pos-
sible use of primary cilia as a predictive or prog-
nostic biomarker in cancer patients should also be
investigated.

Because of the limited size of the patient co-
hort in this retrospective pilot study, the potential
prognostic significance of primary cilia of cells of
intestinal adenocarcinoma should be investigated
prospectively in a large and more homogeneous
prospective cohort of patients.
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