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CCRS Inhibition-treated Colorectal Cancer Patients
Reveal Dynamic Changes Linked to Clinical Outcomes
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Abstract. Background/Aim: Chemokine receptor inhibition is
an immunotherapy that modulates the innate arm of the immune
system. Previous work in microsatellite-stable metastatic
colorectal cancer showed an exploitive loop that could be
successfully targeted via C-C-motive-chemokine-receptor 5
(CCRS5) specific blocking, resulting in a selective anti-tumoral
activation of macrophages. In the respective trial (MARACON
trial, NCT01736813) the peripheral blood laboratory markers
and cytokine values were measured over time. Little is known
on their role as biomarkers or stratification parameters in
immunotherapy trials. Patients and Methods: Systematic
analyses of key laboratory parameters are presented,
highlighting specific dynamics of lymphocyte and monocyte
percentages, lactate dehydrogenase as well as interleukin-6 and
interleukin-8 levels as parameters of a systemic inflammatory
readout. Results: Specific dynamical changes of lymphocyte and
monocyte compositions were noted between different patients,
showing a stabilization (or increase) versus decreased numbers
over time for monocytes. While lactate dehydrogenase,
interleukin-6 and interleukin-8 showed almost uniformly rising
levels over time, the systemic monocyte patterns prompted a
further evaluation. Stabilized or
percentages were associated with improved overall survival
(Kaplan Meier analysis, p=0.025) and with induced overt
radiologic necrosis in patients. Conclusion: The observed

increasing monocyte
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association between monocyte dynamics and imaging findings
as well as overall survival suggests that analyses of dynamical
parameters in the peripheral blood should be implemented in
immunotherapy trials.

In microsatellite-stable metastatic colorectal cancer, classical
checkpoint-inhibition immunotherapy has not shown
promising results thus far (1-5). This is in stark contrast to the
presence of varying compositions of immune cells within the
tumor microenvironment, with a clear prognostic role of cells
from the adaptive arm of the immune system (6-11). Given
the dire clinical situation in advanced metastatic colorectal
cancer with overall survival rates of just around 30 months
(12, 13), the possibility of modulating other components of
the immune system is promising and needed. In light of this
situation, new avenues were investigated trying to harness the
innate arm of the immune system (utilizing e.g. abundant
myeloid cells) to break the immunological unresponsiveness
of microsatellite-stable colorectal cancer (14). Systematic
analyses with fully human explant model systems revealed a
significant role of the CCRS5 axis in metastatic colorectal
cancer. In detail, a clinically relevant repolarization potential
of CCRS inhibition (CCRS5i) in macrophages was observed
(15-17). The anti-tumor activation of macrophages resembles
an activation of an anti-viral program in myeloid cells, thereby
pointing to the crossroad of anti-tumor immunity and infection
(18). Maraviroc is a small molecule inhibitor with high
selectivity for CCRS5 and was originally developed for the
treatment of human immunodeficiency virus (19). Oral intake
of Maraviroc was continuous throughout the trial and very
well tolerated with no significant side effects (17). During the
clinical study, one aspect was visible from early on: selective
CCRS5i leads to radiological changes in patients. Systematic
imaging studies showed overt necrosis arising in some of the
patients, formally not shrinking the lesions but leading to
central necrosis with outward spreading. Histological analyses
of serial biopsies revealed that all patients showed tumor cell
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Table 1. Patient characteristics.

Pat T N M Synchronous/ G Age Gender k-RAS BRAF
Metachronous M
Wild-type (wt) or mutated (mut)
1 3 2 1 Syn 2 57 Male Mut* WT
2 4 2 0 Met 2 67 Female WT WT
3 3 2 1 Syn 3 32 Female WT WT
4 3 2 0 Met 2 31 Male WT Mut
5 4 1 1 Syn NA 66 Male Mut* WT
6 3 2 1 Syn 2 64 Male Mut* WT
7 4 0 0 Met 3 61 Male WT WT
8 3 1 1 Syn 2 61 Male Mut WT
9 3 1 1 Syn 1 69 Male WT WT
10 3 0 1 Syn 2 53 Female WT WT
11 3 1 1 Syn 3 66 Male Mut WT
12 4 2 0 Met 2 58 Female WT WT

All patients had liver metastases (M1) at the time of trial participation. Herein TNM (T=tumor stage, N=lymph node status, M=Metastatic status,
G=grading) of initial diagnosis is also given, all patients had received all standard-of-care treatments at the time of trial participation. “Mut” indicates
mutation, “WT” indicates wildtype without mutation. *Patients with "codon 12 mutation".

necrosis on the tissue level upon CCRS5i treatment. The
pronounced tissue level response was associated with
radiologic findings of newly identifiable necrosis formation.
Beyond the liver, effects were also observed in other organs,
e.g. lung lesions. With CCR5i having effects well beyond the
liver metastases, the question appeared whether systemic
parameters are linked to the observed tissue effects.
Systematic peripheral blood analyses were performed during
the trial, including differential blood displays and lactate
dehydrogenase measurements as a reflection of tumor cell
activity. Also, interleukin-6 (IL-6) and interleukin-8 (IL-8)
levels were measured as key inflammatory parameters. The
progressive disease in patients after weeks or months of
monotherapy treatment, was paralleled by the discovery of the
uniform tumor cell death-inducing properties of CCRSi.
Consequently, this leads to the question whether surrogate
systemic biomarkers or peripheral blood parameters are
detectable, displaying the microenvironmental CCR5i effects.
Herein, the measurements of these key parameters in context
of the clinical course of individual patients are presented.

Patients and Methods

Study design and concept. The details have been reported in
previous studies of our group (17, 20). In short, n=12 (n=14 with
the final extended cohort) patients with histologically proven
metastatic colorectal cancer with liver metastases were included in
the trial, after all available standard-of-care therapies had been used
previously. The patients were treated with maraviroc 300 mg, with
concomitant serial biopsies before and under treatment. Peripheral
blood samples were obtained per protocol and treatment follow-up
was also obtained. For this analysis the coupled datasets from the
initial cohort (n=12) were used.
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Clinical data. The study approval by the local Ethics Committee
was obtained (357/2012). Follow-up for each patient included the
complete time period until remission or disease progression
occurred and also encompassed overall survival. Patients were
included with stage UICC IV CRC after metastatic disease was
histologically proven (see Table I for patient characteristics). All
tumor samples were analyzed for microsatellite-instability using the
polymorphic markers BAT25, BAT26, and CAT25 as described
earlier (20) and all metastases showed microsatellite-stability.

Cytokine measurements. A two-laser array reader system (Bio-Rad,
Munich, Germany) simultaneously quantifies all cytokines and
chemokines of interest (11). Bio-Plex Manager 4.1.1 was used to
analyze and generate standard curves and concentrations, calculated
on the basis of the 5-parameter logistic plot regression formula.
Briefly, serum samples were used according to the manufacturer’s
instruction with respective dilutions. Calibration of the investigated
analytes was performed as per the manufacturer’s instructions
(BioRad, see also for accuracy and precision http://www.bio-
rad.com/webroot/web/pdf/lIsr/literature/Bulletin_5803A .pdf).

Differential blood display panel. Samples were analyzed in the Core
Laboratory Facilities of the University Hospital Heidelberg for
complete blood counts and lactate dehydrogenase (normal range
<308 U/l), according to accredited standards (DIN EN ISO 15189,
D-ML-13060-01-00).

Statistical analyses. Survival curves were computed using the
Kaplan—-Meier estimator. All statistical analyses were conducted
with R version 4.0.2.

Results

Lactate  dehydrogenase and IL-6 and IL-8. Lactate
dehydrogenase (LDH) is well known to reflect tumor growth and
poor prognosis (21), which was confirmed in this small cohort
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with a trend for poorer overall survival (p=0.051). Comparing
the LDH distribution with the interleukin 6 and 8 levels (Figure
1), a general increase in interleukin-6 was observable in the
analyzed patients. Interleukin-8 showed a somewhat more
diverse pattern in the limited number of patients, with increasing
levels over time (three out of four patients).

Lymphocyte and monocyte percentage dynamics. Effector T
cell to myeloid cell ratios and percentages have shown
prognostic relevance in many tumor entities (22-24).
Lymphocyte and monocyte percentages were therefore
analyzed in more detail, especially as the CCR5i treatment
was hypothesized to alter also tissue infiltration (and
peripheral blood composition?) for either lymphocytes or
monocytes or both (25-28). Lymphocyte percentages showed
complex changes over time that could not be classified into
meaningful categories. Increasing percentages of lymphocytes
over time (comparing first to last measurement) were not
associated with either better overall survival (p=0.52) nor
were decreasing percentages associated (p=0.48). For
monocyte percentages, two categories of patients could be
identified: monocyte percentage stabilization/increase over
time versus monocyte percentage decrease over time.

Association between monocyte percentage change and clinical
parameters. The two groups of monocyte percentage changes
over time showed an association with overall survival
(p=0.025) (Figure 2). In order to see whether there are other
aspects of association with the clinical course, the groups were
investigated in relation to radiologial findings. One observed
specific radiological effect of CCR5i is the induction of central
necrosis in metastases. Clustering the patients’ radiology
findings according to the grouping of monocyte percentage
change over time revealed a dichotomy. The necrosis cases are
appearing only in the patients with stable or increased
monocyte percentages (Figure 3).

Discussion

The investigation of the effects of a specific immunotherapy
in metastatic disease has a multitude of challenges.
Modification of the innate arm of the immune system is
especially challenging as multiple factors from dietary
influences to concomitant medication influence activity of
innate immune cells simultaneously (14). Further complexity
arises from different immunological microenvironments at
different metastatic sites (14). Optimally, any immunological
intervention has to modulate all involved sites and
successfully activate the immune system against the tumor.
This desired inflammatory immune response is distinct to a
chronic inflammatory state that promotes tumor growth (29).
But what changes are induced by a specific immunological
intervention in the organ tumor microenvironment in contrast

to the peripheral blood? Generation of immune cells and
trafficking of immune cells into the tumor are vital parts of an
effective immunotherapy. CCRS is a universal molecule for
lymphoid and myeloid cell orchestration (30-34), exhibiting
complex functions in infections, inflammation and antigen-
presentation. Also, blocking CCRS5 in metastatic colorectal
cancer leads to repolarization of macrophages. Whereas
dynamic changes in the microenvironment of metastases can
be analyzed with serial biopsies, changes in the periphery
have to be investigated separately. In our presented work,
measuring key molecules of inflammation and key cells in
the periphery under treatment revealed distinct dynamics,
which were interconnected with the outcome of patients.
While LDH has appeared in various investigations as a
marker of tumor growth, the IL-8 levels are known to be a
marker for tumor progression in colorectal cancer. LDH here
appears as a reflection of tumor growth despite initial
histological tumor cell necrosis in all patients. The dynamics
of LDH in relation to the clinical course appear concordant,
whereas IL-8 levels are not conclusive in the limited set of
patient samples. IL-6 as a marker of (systemic) inflammation
on the other hand showed increasing levels in all available
patient samples, underscoring a shift in the inflammatory
state. Whether this is for the benefit or not cannot be solved
with this dataset now, but it shows that there is a regulatory
difference between the two interleukins and increasing levels
of one cannot predict the alteration of the other. Looking into
cellular components, the percentage change in lymphocytes
is mainly represented by a decline (2 out of 12) and analysis
in the MARACON trial participants did not indicate an
association with the clinical course. In contrast, monocyte
percentage changes showed two clear groups. With the known
regulatory properties of CCRS5 on myeloid cells, this
observation raises many questions. The reduction of monocyte
numbers suggests an influx of these cells into tissues or a loss
of generation of these cells. In those patients with stable or
increasing numbers, there is either a reduced influx into the
tissue or an enhanced production of these cells. Previous
analyses (17) showed that differentiated CD11b+ macrophages
obtain anti-tumoral properties upon CCR5i. The induced
repolarization of macrophages also reduces levels of tumor
promoting CD163+ cells (17). Observing the increased
necrosis of tumor cells leading to radiologically measurable
differences in those patients with stable or increasing
monocyte percentages could suggest an increased influx of
monocytes, which then differentiate and act on tumor cells,
thereby leading to an increased anti-tumoral effect. In patients
with decreasing monocytes, one possible problem could be in
the capacity to produce monocytes in the bone marrow.
Preceding chemotherapies or infiltration of tumor could
impede the production of cells in the bone marrow. Clearly,
further studies are needed to elucidate this aspect. Our findings
however indicate, that a) CCRS5i effects might rely on the
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Figure 1. Changes of different peripheral blood parameters in colorectal cancer patients under CCR5i therapy. Asterisks indicate patients with
stable or increased monocytes percentages over time (first to last measurement comparison,).

6936



Ahmed and Halama: Monocyte Dynamics Are Associated With Treatment Efficacy of CCRS Inhibition in Metastatic Colorectal Cancer

strata == mono. % stable = mono.% decreas.
1.00]  pr—
lh - o oW
1
2075 - —
= ]
m I- -
g . !
6 0.501 - e ‘
3 : ;
2 S %
® 0.251 ;
- .
p=0.025 ey e ey L
]
0001 I i 1
0 1000 2000 3000

Time (days)

Figure 2. Overall survival investigation stratified by monocyte percentage changes (stable/increased versus decreased, Kaplan-Meyer curve with

confidence intervals).

Monocyte % stable

= Overt new necrosis (radiology) = Unchanged (radiology)

Monocyte % decreased

= Overt new necrosis (radiology) = Unchanged (radiology)

Figure 3. Radiological changes with new (central) necrosis occurring in patients treated with CCR5i stratified for monocyte percentage change.

ability to sustain the influx of monocytes and b) the dynamics
of monocytes might be an early indicator of treatment
outcome beyond radiologic findings.

It is clear that the available data from the trial are limited and
there might be other aspects in the dynamics of cellular
components or cytokines that have not been identified as
relevant, e.g. due to the small number of patients and patient
samples in this trial. This exploratory approach is only a first step
in a translational attempt to form hypotheses for further
validation in clinical trials. But the strength here is that analyses
show as a proof-of-concept that peripheral blood analyses might
be an early response marker linked to imaging results and overall
course of the disease. Systematic analyses of peripheral blood
samples are not routine, also due to the almost unlimited number
of possible analytes, combinations and dynamics. However,
these types of exploratory analyses can be first orientation
points for deeper systematic analyses. Also, underlying

pathophysiological assumptions can guide the selection for
strategies to identify biomarkers or stratification parameters. The
presented data make clear that simple systematic analyses like
differential blood displays should become standard for
immunotherapeutic trials. Given the high standards and
standardization of these laboratory analyses, an additional set of
robust parameters for immunotherapy can be obtained easily.

Conclusion

This work shows that monocyte dynamics are associated
with the clinical efficacy of CCRS5i in colorectal cancer.
Also, our findings indicate that systematic inclusion of
differential blood displays in addition to inflammatory
markers in immunotherapy trials is an interesting and easily
feasible option. More studies are needed to better illuminate
the potential of monocyte dynamics in immunotherapies.
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