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Abstract

AIM

To investigate the potential benefit of combining the cMET
inhibitor crizotinib and cisplatin we performed /n vitro
combination studies.

METHODS

We tested three different treatment schemes in four
non-small cell lung cancer (NSCLC) cell lines with a
different cMET/epidermal growth factor receptor genetic
background by means of the sulforhodamine B assay and
performed analysis with Calcusyn.

RESULTS

All treatment schemes showed an antagonistic effect in
all cell lines, independent of the cMET status. Despite
their different genetic backgrounds, all cell lines (EBC-1,
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HCC827, H1975 and LUDLU-1) showed antagonistic
combination indexes ranging from 1.3-2.7. These results
were independent of the treatment schedule.

CONCLUSION
These results discourage further efforts to combine
cMET inhibition with cisplatin chemotherapy in NSCLC.

Key words: Non-small cell lung cancer; Combination
therapy; Cisplatin; Crizotinib; cMET

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Targeted therapies are a valuable treatment
option in non-small cell lung cancer. Several therapies
have now been approved like erlotinib and gefitinib for
epidermal growth factor receptor - mutant patients and
crizotinib for Anaplastic Lymphoma Kinase-rearranged
patients. However, resistance against these therapies
eventually occurs. Combination therapy might be able to
overcome or delay this resistance. Here we investigate the
combination of the cMET inhibitor crizotinib with cisplatin
in a panel of non-small cell lung cancer (NSCLC) cell lines
with different histological and genetic backgrounds. We
show that this leads to strong antagonism in all of the
used cell lines. Furthermore we also link these results to
the earlier /7 vitro and dlinical results of the combination
of erlotinib/gefitinib with cisplatin based chemotherapy in
NSCLC.

Van Der Steen N, Deben C, Deschoolmeester V, Wouters A, Lardon
F, Rolfo C, Germonpré P, Giovannetti E, Peters GJ, Pauwels P.
Better to be alone than in bad company: The antagonistic effect of
cisplatin and crizotinib combination therapy in non-small cell lung
cancer. World J Clin Oncol 2016; 7(6): 425-432 Available from:
URL: http://www.wjgnet.com/2218-4333/full/v7/16/425.htm DOI:

http://dx.doi.org/10.5306/wjco.v7.16.425

INTRODUCTION

During the last decade, targeted therapies have revolu-
tionized the treatment for non-small cell lung cancer
(NSCLC). Several epidermal growth factor receptor-
tyrosine kinase inhibitors (EGFR-TKIS) have been approved
for patients with sensitizing mutations in EGFR™™.
Furthermore, several cMET inhibitors are currently under
development with promising clinical benefit™>. However,
only a small percentage of NSCLC patients are eligible
for these treatments. Thus, for the majority of NSCLC
patients, cisplatin based therapy remains the standard of
care treatment in first or later lines, usually in combination
with pemetrexed, gemcitabine or a taxane!®®.

CcMET, with its ligand hepatocyte growth factor (HGF),
is known to be activated in many tumor types, including
NSCLC™®, with cMET amplification recognized as a

Roaishidenge ~ WJCO | www.wjgnet.com
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resistance mechanism during EGFR tyrosine kinase
inhibition™!!, The cMET and EGFR signaling pathways
are heavily intertwined">"¥, with EGFR activation being
sufficient for downstream cMET phosphorylation. The
mitogen activated protein kinase (MAPK) dependent
activation of cMET by EGFR takes place at different
regulatory levels, with cMET transcriptional upregulation,
the elongation of cMET half-life and a decrease in cMET-
ubiquitylation™. Upon binding of HGF, the cMET receptor
dimerizes and cross-phosphorylation takes place. This
ultimately leads to phosphorylation of the docking sites
recruiting proteins involved in the signaling of MAPK
cascades, phosphoinositide 3 kinase (PI3K), signal
transducer and activator of transcription 3 (STAT3)
and nuclear factor-kB (NF-«xB). Thus activating many
oncogenic processes such as migration, invasion, and
angiogenesis™. Two main cMET aberrations have been
described, which can be used to predict sensitivity to
cMET therapies: Amplification of the cMET gene™ and
cMET exon 14 skipping®**..

Several small molecule inhibitors and monoclonal
antibodies inhibiting cMET signaling are currently being
investigated in several clinical trials'®. One of these smalll
molecule inhibitors is crizotinib, which was originally
developed as a cMET inhibitor!”? but has been approved
for treatment of anaplastic lymphoma kinase (ALK)-
translocated NSCLC patients'*®.. Currently, crizotinib is
being investigated in several clinical trials (METROS trial
and the NCT02499614) for the treatment of patients
with cMET-dependent NSCLC and in other cancer types
where patients carry a cMET amplification™®**’,

The combination of a cMET inhibitor and cisplatin
has not been investigated in NSCLC patients to date.
However, in vitro studies show contradictory results
where the outcome is dependent on tumor type and
origin. For example, addition of the cMET ligand HGF
enhanced cisplatin resistance in seven different NSCLC
cell lines. This was explained by the fact that HGF binding
induces cMET signaling which led to activation of focal
adhesion kinase (FAK). FAK, in turn, suppressed the
apoptosis inducing factor (AIF), resulting in a decreased
sensitivity to cisplatin®®, Therefore, theoretically, inhi-
bition of cMET could possibly result in sensitization
towards cisplatin. However, another study in SW620
cells, a KRAS mutated colon cancer cell line, showed
that conditioned knock-down of cMET did not influence
cisplatin sensitivity™™", In contrast, ovarian cancer cell
lines were sensitized towards cisplatin with the addition
of HGF*?, this was established to be linked to the p38-
MAPK signaling of cMET**®!, HGF pretreatment of these
cells decreased the transcription of protein phosphatase
2A, thus increasing the effect of cisplatin®*.

Given the contradictory results in previous studies,
more studies were warranted. Therefore, we investigated
whether a combination of these compounds could result
in @ synergistic treatment effect in NSCLC cell lines with
different cMET and EGFR genetic backgrounds.
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Figure 1 Sensitivity of several non-small cell lung cancer cell lines to cisplatin (A) and crizotinib (B) monotherapy. Cells were exposed to the drugs for 72 h.
Cisplatin and crizotinib concentrations are depicted in umol/L. Values are means of at least 3 separate experiments. The maximal SEM was + 9%.

Table 1 Cell line properties and drug sensitivity

HCC827 H1975 EBC-1 LUDLU

Properties

Histology Adeno Adeno Squamous Squamous
EGFR-status Exon 19 deletion L858R + T790M Wild-type Wild-type
cMET-status Wild-type Wild-type Amplification Wild-type
Drug sensitivity (umol/L, ICs + SEM)

Cisplatin 8.39+0.36 6.10 £ 0.07 16.52+0.89 3.37+0.19
Crizotinib 6.05+0.11 4.00 +0.06 0.054 + 0.002 812+0.28

Cells were treated with cisplatin or crizotinib during 72 h. Drug sensitivity is given in pmol/L and given as ICs + SEM of 3 separate experiments. EGFR:
Epidermal growth factor receptor.

chem (Huissen, The Netherlands). Cisplatin was dissolved
MATERIALS AND METHODS in a sterile 0.9% NaCl solution (Fisher Scientific, Aalst,
Cell lines and reagents Belgium), while crizotinib was dissolved in dimethyl-

Four NSCLC cell lines were included in this study. The sulfoxide (DMSO). Both were diluted in phosphate buf-
HCC827 and H1975 cell lines were purchased from the fered saline (PBS) to the desired concentrations.
American Type Culture Collection (ATCC), the EBC-1 cell

line from the Japanese Collection of Research Bioresources Cell proliferation assay: Sulforhodamine B assay

(JCRB, Japan) and the LUDLU-1 cell line from the Euro-  Cells were harvested from exponential phase cultures
pean Collection of Authenticated Cell Cultures (ECACC) by trypsinization (Trypsin-EDTA 0.05% with phenol
(Figure 1 and Table 1). The EBC-1 cell line was cultured red, Invitrogen, Merelbeke, Belgium), counted, seeded
in DMEM (Invitrogen, Merelbeke, Belgium) supplemented in sterile 96-well plates and allowed to attach before

with 10% FBS, 1% penicillin/streptomycin, L-glutamine treatment. Optimal seeding densities for each cell line
(2 mmol/L) and sodium pyruvate (1 mmol/L). The HCC ~ were determined to ensure exponential growth during
827, H1975 and LUDLU-1 cell lines were cultured in a 5-d or 7-d assay. For the 5-d assay the EBC-1 and
RPMI1640 (Invitrogen) supplemented with 10% FBS, HCC827 were seeded at 4500 cell/well, H1975 at 3500
1% penicillin/streptomycin, L-glutamine (2 mmol/L) and cell/well and the LUDLU-1 at 8000 cell/well. For the 7-d
sodium pyruvate (1 mmol/L). Cultures were incubated assay the EBC-1 and HCC827 were seeded at 1500
at 37 °C under an atmosphere of 5% CQOz. The HCC827 cell/well, the H1975 at 850 cell/well and the LUDLU-1 at
cell line harbors an exon 19 deletion in the ErbB1 gene™, 4000 cell/well. Cells were incubated with cisplatin alone
while the H1975 cell line has L858R and T790M mutations (0-10 pmol/L for 72 h), crizotinib alone (0-5 umol/L for
in the ErbB1 gene™. The EBC-1 cell line harbors a cMET 72 h) or with a combination of both. The combination
amplification®”?, while the LUDLU-1 is wild-type for both used crizotinib at a fixed concentration (ICx or ICa4),
EGFR and cMET (Table 1). All cell lines were wild-type while a concentration range of cisplatin (0-10 pmol/L)
for ALK, free from mycoplasma contamination and STR was added. Cells treated with 0.1% diluted DMSO in
profiles were checked. the case of crizotinib or pure PBS in the case of cisplatin

Cisplatin and crizotinib were purchased from Selleck- were used as controls. Three combination schedules
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Table 2 Combination indexes for the different non-small cell lung cancer cell lines for the 3 treatment schemes

Drug scheme HCC827 H1975 EBC-1 LUDLU-1

Criz Cl + SEM Criz Cl + SEM Criz Cl + SEM Criz Cl + SEM
Cisplatin + 3 umol/L 1.58 +0.10 3 pmol/L 1.94+0.27 0.025 pmol/L 2.08 +0.49 3 pmol/L 2.65+0.30
Crizotinib 5 umol/L 1.54 +0.15 5 pmol/L 1.93+0.19 0.05 pmol/L 1.42 +0.06 4 pmol/L 2.71+0.14
Cisplatin — 3 umol/L 1.74+0.17 3 umol/L 1.75 £ 0.30 0.025 umol/L 2.29 +0.53 3 umol/L 1.27 £0.13
Crizotinib 5 umol/L 2.06 +0.30 5 umol/L 1.96 +£0.14 0.05 pmol/L 2.38 +0.56 4 pmol/L 1.34£0.15
Crizotinib — 1 pmol/L 270 £0.37 1 pmol/L 1.58 £ 0.24 0.025 umol/L 2.08 +£0.49 2 pmol/L 1.74+0.14
Cisplatin 2 pmol/L 242+0.21 2 pmol/L 0.95 +0.03 0.05 pmol/L 1.42+0.06 3 pmol/L 1.89+0.17

Cells were treated with the indicated fixed concentration of crizotinib (IC2 and ICw) either simultaneously for 72 h (indicated by “+”), or sequential with 72

h cisplatin preceding 72 h crizotinib or crizotinib preceding cisplatin (indicated by “—"). The simultaneous treatment of LUDLU-1 was performed 2 times,

all other conditions were tested at least 3 times. Criz: Crizotinib; CI: Combination index; SEM: Standard error of mean.

were investigated: (1) simultaneous exposure to cisplatin
and crizotinib for 72 h; (2) cisplatin for 72 h, followed by
washing and crizotinib for 72 h; or (3) 72 h of crizotinib
followed by washing and cisplatin for 72 h (Table 2).
When crizotinib was used as first drug, the concentration
was reduced in three out of the four cell lines, due to the
toxic after-effect of this drug.

After treatment, growth inhibition was determined
by the sulforhodamine B (SRB) assay, as previously
described™. In short, the medium was discarded and
the cells were fixed with ice cold 10% Trichloric acid
(Fisher Scientific, Aalst, Belgium) solution for 1 h at 4 C.
Next, the plates were washed 5 times with demineralized
water. The cells were stained with 100 uL 0.1% SRB
(Acros organics, Geel, Belgium) dissolved in 1% glacial
acetic acid (Fisher Scientific, Aalst, Belgium) for at least
15 min and subsequently washed five times with 1%
acetic acid to remove unbound stain. The plates were left
to dry at room temperature and bound protein stain was
solubilized with 100 pL 10 mmol/L unbuffered Tris base
[tris (hydroxymethyl) aminomethane] (Fisher Scientific,
Aalst, Belgium) and read at an optical density (OD) of
540 nm (IMark microplate absorbance reader, Biorad,
Nazareth, Belgium)™®.,

Statistical analysis

Each test was performed at least three times, unless
otherwise stated. Results are presented as mean %
SEM.

To assess the ICso value of cisplatin and crizotinib,
WinNonlin software was used (Pharsight Corporation,
Mountain View, CA, United States). To determine pos-
sible synergism between cisplatin and crizotinib, the
combination index (CI) was calculated with the Calcusyn
software of Biosoft. This program is based on the method
of Chou et al***" to assess whether a combination of
two drugs results in an antagonistic effect (CI > 1.2),
an additive effect (0.8 < CI < 1.2) or a synergistic effect
(CI < 0.8). This method takes into account the fraction
of affected cells of both monotherapies and compares
this with the fraction of affected cells of the combination
therapies.

WJCO | www.wjgnet.com
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RESULTS

The effects of cisplatin and crizotinib monotherapy were
investigated in four NSCLC cell lines (Figure 1). LUDLU-1
cells were most sensitive to cisplatin, followed by the
EGFR-mutated H1975 and HCC827 cell lines. As for the
cMET amplified EBC-1 cell line, concentrations up to 10
uM cisplatin induced only 30% growth inhibition and the
ICso value was determined by extrapolation (Figure 1).

EBC-1 cells were 74-150 fold more sensitive to
crizotinib than the other 3 cell lines, due to the presence
of a cMET amplification in these cells. The ICso values of
the HCC827 and LUDLU-1 cell line were determined by
extrapolation, with the LUDLU-1 being the most resistant
to crizotinib (Figure 1 and Table 1). Based on these
results, we decided to use the ICx and ICs values of
crizotinib during combination treatment (Table 2).

Despite their different genetic backgrounds for cMET
and EGFR, all cell lines showed strong antagonism (CI
ranging from 1.3 to 2.7) when crizotinib and cisplatin
were combined, which was independent of the used
treatment schedule (Table 2). This antagonistic effect
was visible for all growth inhibition rates of the cells (Figure
2). However, for one treatment condition, i.e., crizotinib
followed by cisplatin treatment in the H1975 cell line, an
additive effect (CI = 1.0) could be detected. However,
this combination only led to 40% growth inhibition at
most and needs to be interpreted with caution.

DISCUSSION

Although both cisplatin and crizotinib are active drugs
used in monotherapy for the treatment of various forms
of NSCLC, the combination of both compounds was
found to be antagonistic, independent of the genetic
background of the investigated cell lines.

As described in literature, the high sensitivity of the
EBC-1 cell line for crizotinib monotherapy can be explained
by its cMET amplification, which is known to confer
sensitivity to crizotinib and other cMET small molecule
inhibitors™. In contrast, the EBC-1 cells were not sensitive
to cisplatin, with an ICso value around 16 umol/L. Although

December 10, 2016 | Volume 7 | Issue 6 |
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Figure 2 Evaluation of the combination of cisplatin and crizotinib in non-small cell lung cancer cell lines using the fraction affected combination index
method. A combination index > 1.2 is antagonistic. A: Growth curves of LUDLU-1 for cisplatin and crizotinib simultaneous treatment during 72 h; B: Combination Index
vs Fraction affected for the LUDLU-1 cell line, treated simultaneously during 72 h with cisplatin and 5 pumol/crizotinib.

we did not investigate common resistance mechanisms
for cisplatin (such as transporters or DNA repair®>>%)
the cMET amplification might also explain the observed
results, since cMET activation can induce cisplatin
resistance in cell lines®®. In contrast to the EBC-1 cells,
the LUDLU-1 cells (WT EGFR, WT cMET) where the most
sensitive to cisplatin but resistant to crizotinib.

When both therapies were combined, an antagonistic
effect was observed in all cell lines, even in the cMET
amplified EBC-1 cell line with high basal levels of cMET,
independent of the treatment schedule. Previous studies
suggested that the addition of HGF induced cisplatin
resistance in NSCLC cell lines®”, since the activation of
CcMET would lead to decreased AIF levels. However, a
cMET inhibitor combined with cisplatin had never been
investigated previously.

Other TKIs have been known in vitro to synergize with
chemotherapy, such as EGFR-inhibitors with platinum
doublet chemotherapy®>?®, whereas clinical trials
showed no substantial benefit when combining both
drugs. Combinations of cisplatin with EGFR-TKIs, have
been investigated extensively, both in vitro and in vivo.
In wild-type EGFR (WT-EGFR) NSCLC cell lines, cisplatin
may upregulate phosphorylated EGFR, thus sensitizing
these cells to erlotinib; However, in NSCLC cell lines with
sensitizing EGFR mutations, combining cisplatin with
erlotinib treatment was found to be antagonistic®. Other
studies showed that platinum analogs in combination
with erlotinib led to synergistic cell death in EGFR-
mutant NSCLC cell lines and xenografts®**®, Possible
mechanisms for this synergy are a decrease in hypoxia-
inducible factor 1o (HIF1la), a decrease in c-Myc or cell
cycle effects™”, while also platinum-adduct formation
by cisplatin was increased™. However, several clinical
trials'®****) combining cisplatin with EGFR-TKIs show
no benefit in EGFR-WT or in EGFR-mutant patients.
Furthermore, triple combinations of cisplatin, pemetrexed
and gefitinib®; displatin, gemcitabine and erlotinib™” or
cisplatin, pemetrexed followed by gefitinib maintenance
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therapy™" showed no or only a minor beneficial effect™*”.
In contrast, studies investigating the dual combination of
erlotinib and pemetrexed, showed synergism in NSCLC
cell lines with different genetic backgrounds™'. Several
molecular mechanisms contributed to this synergism.
Firstly, pemetrexed increased phosphorylated-EGFR,
thus enhancing the effect of EGFR-blocking by erlotinib.
Secondly, the combination of both drugs enhanced the
reduction of Akt-phosphorylation, leading to increased
apoptosis. Finally, the combination of both drugs also
decreased the Thymidylate Synthase (TS) in situ activity™,
which has been correlated with increased pemetrexed
sensitivity™*,

For many combination therapies no appropriate
preclinical investigations were performed before starting
clinical trials to determine whether synergism could
be expected and what would be the most optimal
treatment schedule. This also precludes proper patient
selection. Possibly, the combination of both EGFR/cMET
inhibitors with cisplatin and pemetrexed chemotherapy
activates survival mechanisms that abrogate the benefit
of inhibiting these receptor tyrosine kinases, although
these mechanisms remain to be further investigated.

Given the intertwining of the EGFR and cMET signaling,
we opted to test the same combination in EGFR mutant cell
lines. These cell lines reflect the NSCLC patient populations
with exon 19 deletion, L858R and T790M mutations
in EGFR, cMET amplification, and different histological
subtypes (adenocarcinoma and squamous cell carcinoma).
Despite mimicking several clinical combinations in vitro,
the results showed strong antagonism in all the tested
treatment schemes.

In conclusion, we show that the combination of the
cMET inhibitor crizotinib with cisplatin is moderately
to strongly antagonistic in four NSCLC cell lines. This
effect was independent of the cMET/EGFR genetic
background, the histological subtype of the cells and the
used treatment schedule. Our in vitro results suggest
an antagonistic effect of combining cMET inhibition with
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cisplatin in NSCLC, discouraging further development of
this combination in an in vivo and/or clinical setting.
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authors show that the combination of the cMET inhibitor crizotinib with cisplatin
is moderately to strongly antagonistic in four NSCLC cell lines. This effect was
independent of the cMET/EGFR genetic background, the histological subtype
of the cells and the used treatment schedule.

Applications

The in vitro results suggest an antagonistic effect of combining cMET inhibition
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Abstract

AIM

To investigate whether circulating cytokeratin-positive
(CK") cells in the mesenteric blood of resected colorectal
specimens are prognostic and correlate with tumor
budding.

METHODS

Fifty-six colorectal specimens were collected between
9/2007 and 7/2008. Blood from the mesenteric vein
was drawn immediately after receiving the fresh and
unfixed specimens in the pathology department. After
separation of the mononuclear cells by Ficoll-Hypaque

December 10, 2016 | Volume 7 | Issue 6 |



Markl B et a/. Circulating CK-positive cells in colorectal cancer

density-gradient centrifugation, cytological smears were
immunocytochemically stained for CK18. Tumor budding
was evaluated on slides stained for pan-cytokeratin. The
identification of = 30 buds/1.3 mm” was defined as high
grade budding.

RESULTS

CK* cells and clusters were identified in 29 (48%) and
14 (25%) of the samples, respectively. Two cells were
identified in one of three non-malignant cases. Clusters
were found exclusively in malignant cases. The occurrence
of CK" cells or clusters was not associated with any of the
evaluated clinicopathological factors, including surgical
technique and tumor budding. Moreover, the occurrence
of CK" cells or clusters had no influence on the cancer-
specific survival [75 mo (CI: 61; 88) vs 83 mo (CI: 72;
95) and 80 mo (CI: 63; 98) vs 79 mo (CI: 69; 89),
respectively].

CONCLUSION

CK* cells and showed neither prognostic significance
nor an association with tumor budding. It is very likely
that CK18-staining is not specific enough to identify the
relevant cells.

Key words: Colorectal cancer; Circulating cells; Tumor
budding; Peripheral blood; Survival

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Blood from the mesenteric vein of 56 colorectal
specimens was drawn and evaluated for CK18 positive
epithelial cells (CK™). CK* cells and clusters were identified
in a high proportion of cases. However, these cells and
clusters were not associated with any of the evaluated
clinicopathological factors, including surgical technique
and tumor budding. Moreover, the occurrence of CK*
cells or clusters had no influence on the cancer specific
survival. Immunocytochemical staining for CK18 does not
seem to be a specific marker of mesenteric blood cells for
prognostic identification of relevant circulating tumor cells.

Mirkl B, Wilhelms N, Anthuber M, Schenkirsch G, Schlimok G,
Oruzio D. Circulating cytokeratin-positive cells and tumor budding
in colorectal cancer. World J Clin Oncol 2016; 7(6): 433-440
Available from: URL: http:/www.wjgnet.com/2218-4333/full/v7/
16/433.htm DOI: http://dx.doi.org/10.5306/wjco.v7.16.433

INTRODUCTION

Colorectal cancer is a leading cause of cancer-related death,
with almost 50000 estimated deaths in the United States
in 2016™. The prognosis and therapy strongly depend
on the UICC tumor stage. Nevertheless, it is well known
that a certain proportion of stage 1 /1 cancers develop an
aggressive clinical course. However, approximately 40%

Roaishidenge ~ WJCO | www.wjgnet.com

434

of stage I cancers show a favorable outcome despite the
occurrence of regional lymph node (LN) metastases'®.
Therefore, alternative or additional prognostic factors
are necessary to improve both prognostic estimation
and therapeutic stratification in colorectal cancer. The
National Comprehensive Cancer Network (NCCN) defined
risk factors in stage II colorectal cancers that justify the
administration of an adjuvant therapy®.. Several attempts
have been made to identify other staging strategies. A very
sophisticated approach is the development of multigene
assays that could be demonstrated to be prognostic
in stage 1 colorectal cancers™®. However, due to the
limited evidence concerning their clinical value, these
tests were not recommended by the NCCN. The only
molecular feature that gamered a recommendation is the
microsatellite instability (MSI) status®. Very recently, MSI,
which is caused by mismatch repair (MMR) deficiency, was
demonstrated to be highly predictive for immunotherapy
by PD-1 blockade®®”! Since 2005, Pagés et al**! focused on
the host’'s immune response to the tumor. They developed
an immune score based on the densities of CD3" and
CD8" T-cells and showed that this score is independently
prognostic. Currently, a large international multicenter
study is ongoing to validate the prognostic role of the
immunoscore'. A different approach is the detection,
quantification and analysis of circulating tumor cells (CTC).
These cells circulate in the blood stream or are found in the
bone marrow and are believed to be a source of distant
metastases. Based on our experiences handling and
cannulating fresh colorectal specimens™®** for LN isolation,
we hypothesized that the detection of epithelial cells in the
venous blood of these specimens could be prognostic for
the development of hematogenous tumor dissemination
and progressive disease. Furthermore, we were interested
in whether the occurrence of circulating CK* cells is
associated with tumor budding. Therefore, we collected
blood samples from these specimens and evaluated the
occurrence of cytokeratin-positive (CK") cells. In this
retrospective study we analyzed the prognostic role of
these cells in colorectal cancer.

MATERIALS AND METHODS

Patients

Fifty-six colorectal cancer cases were collected between
September 2007 and July 2008. We assumed a strong
correlation between the detection of circulating CK*
cells and the occurrence of distant metastases with
lethal outcome. An absolute difference concerning
lethal outcome of 50% with a power of 0.8 and with
Alpha = 0.05 resulted in a calculated sample size of
19 cases in each group (proportions sample size test).
Inclusion criteria were proven or suspected cancer,
a curative intent and free resection margins. For the
survival analysis, only malignant cases with a minimal
survival time of 2 mo were included. Follow-up data were
provided by the Clinical and Population-Based Cancer
Registry of Augsburg. Additional data were acquired from
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Figure 1 This image illustrates the blood draw from the mesenteric vein.
A standard i.v. catheter is used to cannulate the mesenteric vein after removal
of the clip.

clinical and laboratory information systems. Informed
and written consent was obtained from all patients. The
study was approved by the ethics committee of the
Landesarztekammer Bayern. The study was performed
according to the national rules.

Blood sample collection

Immediately after resection, colorectal specimens were
delivered fresh to the in-house laboratory of the Institute
of Pathology. The specimens were not opened to avoid
contamination by epithelial cells from the mucosa. Manual
manipulation was reduced to a minimum to reduce the
chance of artificial tumor dissemination. After gentle
cleaning, the specimens were placed on a clean board
and the main vessels were clamped proximally. Then, the
ligation or the clip that was placed by the surgeon was
withdrawn. The venous vessel was then cannulated with
a standard /.v.-catheter (17 Gauge, Braun, Melsungen,
Germany). Zero point five milliliter to 8 mL (mean: 3.8
mL; SD: 2.6 mL) of venous blood was drawn using NH4-
heparin blood collection tubes (Sarstedt, Nirnbrecht,
Germany) (Figure 1). Then, the blood sample was
immediately stored until future use.

Blood sample preparation and immunocytochemistry
The protocol for preparing the cytological samples was
initially established for the detection of CK* cells in bone
marrow aspiratest'***, In brief, the mononuclear cells
were separated by Ficoll-Hypaque density gradient cen-
trifugation (density, 1.077 g/mole) at 900 x g for 30
min. The cells were then washed and centrifuged at 150
x g for 5 min. Approximately 1 x 10° cells were placed
on each glass slide.

To detect epithelial cells within the peripheral blood, a
monoclonal antibody against cytokeratin 18 [Clone CK18
(Clone CK2), 1: 100; Chemicon, Hofheim, Germany]
was used. The reactions were developed with the alkaline
phosphatase anti-alkaline phosphatase technique com-
bined with a new fuchsin stain to indicate antibody
binding, as previously described™***!, CK* cells and
clusters were counted manually (Figure 2). For that all
slides were screened by a very experienced technician.
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Figure 2 Cytokeratin 18 (Clone cytokeratin 2) cytochemistry. A: A single
CK’" cell is shown in this image; B: A CK" cell cluster is shown in this image.
CK': Cytokeratin-positive.

All positive cases were confirmed by a hemato-oncologist
(DO). Data concerning interobserver agreement between
these two investigators are not available.

Histopathological evaluation, inmunohistochemistry
and tumor budding

Colorectal specimens were macroscopically evaluated
after fixing overnight in 10% buffered formalin. LNs
were dissected using the methylene-blue method***;
samples from the resection margins, the tumor-region
and other conspicuous areas were paraffin-embedded.
The slides were stained with hematoxylin and eosin (HE)
and evaluated by an experienced pathologist (BM). Based
on the HE-morphology, slides were selected for further
pan-cytokeratin staining which was performed to enable
optimal evaluation of tumor budding. For this evaluation,
monoclonal mouse antibody AE1/AE3 was used (dilution
1:50; DAKO). Immunoreactions were developed using a
labelled streptavidin-biotin system (DAKO Real detection
system). All reactions were performed on a Dako-Auto-
stainer system (DAKO, Glostrup, Denmark).

Tumor budding was evaluated by one pathologist
(BM). It was defined as detached single tumor cells or
clusters of up to four cells. The cut-off for high-grade
budding was adapted from Ueno et a/'¥ and defined as
= 30 buds/20 x magnification (= 1.3 mm3).

Statistical analysis
Metric data were compared using the Mann-Whitney
rank sum test. Tabulated data were analyzed with the
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Table 1 Clinicopathological data

Complete collective  CK* cell negative

CK* cell P-value

CK* cell cluster ~ CK* cell cluster P-value

n =56 n =27 positive 7 = 29 negative n = 42  positiven = 14

Mean age + SD 70+£13 7111 69 £11 0.844 71+12 66 +£13 0.167
Gender (M:F) 1:1.5 1:1.7 1:14 1.0 1:2 1:0.75 0.538
Laparoscopic surgery 15 (27%) 5 (19%) 10 (34%) 10 (24 %) 5 (36%)

Open surgery 41 (73%) 22 (81%) 19 (66%) 0.223 32 (76%) 9 (64%) 0.489
Right colon 21 (38%) 10 (37%) 11 (38%) 16 (38%) 5 (36%)

Left colon 29 (52%) 13 (48%) 16 (55%) 0.927 21 (50%) 8 (57%) 0.979
Rectum 6 (11%) 4 (15%) 2 (7%) 0.414' 5 (12%) 1(7%) 1.0°
Mean LN count + SD 32 +19 29+16 35+21 0.219 30 +16 36 +25 0.961
LN positivity 20 (36%) 11 (41%) 9 (31%) 0.632 16 (38%) 4 (29%) 0.747
Low grade 33 (59%) 17 (63%) 22 (76%) 28 (67%) 11 (79%)

High grade 20 (36%) 8 (30%) 6 (21%) 0.576 11 (26%) 3 (21%) 0.735
Non-malignant 3 (5%) 2 (7%) 1(3%) n.c. 3(7%) 0(0%) n.c.
pT1/2 16 (29%) 7 (26%) 9 (31%) 11 (26%) 5 (36%)

pT3/4 37 (66%) 18 (67%) 19 (66%) 0.977 28 (67%) 9 (64%) 0.736
Mean budding + SD 21 +27 20+23 22+30 0.957 19+20 21+26 0.663
High grade budding 16 (29%) 6 (22%) 10 (34%) 0.472 10 (24%) 6 (43%) 0.190
Distant metastases 11 (20%) 5 (19%) 6 (21%) 1.0 8 (19%) 3 (21%) 1.0

'Rectum vs colon. CK': Cytokeratin positive; SD: Standard deviation; LN: Lymph node; n.c.: Not calculated.

#° test or Fisher's exact test depending on the expected
frequency of the observations. Mean values are given
+ 1 standard deviation (SD). Linear regression analysis
was performed to calculate correlations between metric
data. For the survival analyses, Kaplan-Meier curves
were calculated and log-rank tests were performed. ROC
analyses were performed to determine the optimized
cut-offs. The calculation of the follow-up time was
performed according to Schemper and Smith!**!, A P value
< 0.05 was considered significant. All calculations were
performed using the statistics package SigmaPlot 13.0
(Systat, Richmond, VA, United States). The statistical
methods of this study were reviewed by Bruno Markl.

RESULTS

Patients

Fifty-six patients were consecutively collected within 10
mo between 2007 and 2008. The patient characteristics
are summarized in Table 1. The mean and median follow-
up times were 74 (95%CI: 68; 79 mo) and 80 mo (CI:
77; 83 mo), respectively.

CK' cells and clusters and their relation to
clinicopathological characteristics
CK* cells were found in 29 (52%) cases with a mean
number of 12 + 14 cells/10° cells. One of these cases
was non-malignant with two detected CK* cells. CK* cell
clusters were detected in 14 (25%) cases. The mean
number of clusters in positive cases was 3 % 3 clusters/10°
cells. No clusters were found in non-malignant cases
(Figure 2). There was a strong correlation between CK*
cells and dusters (R = 0.727; P < 0.001). Clusters were
always accompanied with single CK* cells.

None of the evaluated clinicopathological features
(age, gender, location, LN count, grading, T-stage, meta-
stases) showed an association with the occurrence of
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CK" cells or clusters (Table 1). In particular, neither CK*
cells nor CK* clusters showed an association with tumor
budding (R = 0.180; P = 0.185 and R = 0.0637; P =
0.647, respectively). The surgical technique (open vs
laparoscopic technique) did not influence the occurrence
of CK+ cells or clusters (Table 1).

Survival analysis

Forty-eight cases met the inclusion criteria for the
cancer-specific survival (CSS) analysis. The CSS analysis
revealed no significant differences between cases with or
without CK" cells or clusters (Figure 3A and B). Despite
the lack of significance, the Kaplan-Meier curve for CK*
cells discriminated between CK* positive and negative
cases with mean CSS times of 75 mo (CI: 61; 88) vs 83
mo (CI: 72; 95) (Figure 3A), respectively. The outcome
of CK" cluster positive and negative cases was identical,
with mean survival times of 80 mo (CI: 63; 98) vs 79 mo
(CI: 69; 89) (Figure 3B), respectively. A non-significant
trend towards an adverse outcome was found in cases
with high-grade tumor budding, with a mean survival
time of 71 mo (CI: 53; 89 mo) vs 83 mo (CI: 73; 93
mo) (P = 0.187, Figure 3C), respectively. ROC analysis
identified a certain cut-off that was not positive, i.e., did
not reveal a threshold with areas under the curve of 0.51
and 0.55 for CK* cells and dlusters, respectively.

DISCUSSION

In this study, we investigated the prognostic role of
circulating CK* cells and clusters obtained from the
mesenteric blood of colorectal specimens. It was our
hypothesis that the venous blood from these specimens
should be enriched in circulating CK* positive cells
originating from the tumor. We used a technique that was
well established for the detection of CK* cells in the bone
marrow of breast, prostate, lung and colorectal cancer
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Figure 3 Cancer specific survival. A: Circulating CK" cell negative vs positive; B: Circulating CK" cell cluster negative vs positive; C: Tumor budding negative/low

grade vs high grade. CK": Cytokeratin-positive.

patients. Using this method, the detection of cytokeratin-
positive cells in the bone marrow could be demonstrated
to be prognostic>***¢7,

In this study, we found circulating CK* cells and
clusters in the mesenteric blood in a high proportion of
cases (52% and 27%, respectively). This positive rate
is within the range published in the literature (Table 1).
However, it must be noted that only Leather et at*® used
immunocytochemistry to detect circulating epithelial cells
in the mesenteric blood. In all other identified studies,
molecular or flow cytometry techniques were used!*>?,
By using case numbers, we calculated a mean positivity
rate in these studies of 43%. When we restricted
this calculation to studies that also included stage IV
cases, the mean positivity rate was 55%. We detected
2 CK* cells/10° cells in one non-malignant case with
diverticulitis. The phenomenon of circulating epithelial
cells in the blood in the absence of a malignant tumor
has been found by other authors. Pantel et af*® reported
the detection of CK* cells in benign colon diseases using
two different commercial tests in 11.3% and 18.9% of
cases, respectively. In summary, this indicates that the
results generated with our immunocytochemical method
are comparable to other techniques and are valid.
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Despite using an obviously sensitive method, we
could not confirm our hypothesis of circulating epithelial
cells in the mesenteric blood being prognostic markers
of colorectal cancer that correlate with tumor budding.
This study is limited by a relatively small case number (n
= 56) and is therefore underpowered to detect effects
that are possibly smaller than expected. We presumed
that the prognostic effect of CK* cells was at least as
strong as node positivity. Indeed, nodal status revealed
a good discrimination with regards to cancer specific
survival with a P value of 0.058 (data not shown). The
strengths of this study are the long follow-up time and
the precise evaluation of histological features including an
immunohistochemical tumor budding assessment.

Tumor budding is a well investigated prognostic para-
meter in gastrointestinal cancers. Despite considerable
limitations due to the lack of a generally accepted definition
and only moderate interobserver agreement, it has
been shown in many studies™~®., 1t is believed to be an
expression of the epithelial-mesenchymal transition (EMT),
which is an important initial step in cancer progression™.
None of the studies shown in Table 2 investigated the
possible relationship between the phenomenon of tumor
cell isolation at the invasion front of colorectal cancers and
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Table 2 Literature: Circulating tumor cells in the mesenteric blood

Ref. n Year Method Material Stages %positive Prognostic relevance

Leather et al™ 42 1993 ICC Mesenteric and peripheral blood I, II, I, IV 15 n.a.

Nakamori et al™” 35 1997 PCR Mesenteric and peripheral blood I, II, I, IV 26 uv predictive for recurrence

Luo et al™ 54 1999 PCR Mesenteric blood 1,0,V 76 Predictive for metastases

Taniguchietal™ 53 2000 PCR Mesenteric and peripheral blood I, II, Il 68 uv survival

Yamaguchi et al® 52 2000 PCR Mesenteric blood 1,0,V 44 mv survival

linuma et al® 23 2000 MACS Mesenteric blood 1,0,V 39 uv survival

Fujita et al® 35 2001 PCR Mesenteric blood 1,00, I0 29 uv recurrence/survival

Etoh et al™ 24 2001 PCR Mesenteric blood 1,0,V 29 uv recurrence/survival

Guller et al™ 39 2002 PCR  Mesenteric and peripheral blood 1, II, Il 8'/28 ’

Tien et al™” 58 2002 PCR Mesenteric and peripheral blood I, IIl, IV 45* n.a.

AKkashi ef al® 80 2003 PCR Mesenteric blood I,0I,I0 44 uv metastatic disease; mv no

Nozawa et al™ 41 2003 RTA Mesenteric and peripheral blood I, II, IIl, IV 37 uv predictive for metastatic disease

Sunouchi et al™ 37 2003 PCR Mesenteric blood 1,0, I,V 43 uv survival

Zhang et al™ 58 2005 PCR Bone marrow, portal blood, 1,0,V 74 correlation with stage - no outcome analysis
peripheral blood

Sadahiroetal®™ 100 2005 PCR Mesenteric and peripheral blood I, I, Il 45°/48° no

Kanellos et al™ 108 2006 PCR Mesenteric blood I,I0,II 11 uv metastatic disease/survival

linuma et al™ 167 2006 PCR Mesenteric and peripheral blood I, II, I, IV 10/347 mv survival

Tseng et al™ 135 2015 FACS Mesenteric 1,0, 68 mv survival

"Blood; *Blood and peritoneal fluid; *No separate evaluation for blood samples; “Multiple measurements; *Mesenteric blood; ‘Peripheral blood; "Mesenteric.

n.a.: Not available; uv: Uni-variable; mv: Multi-variable; ICC: Immunocytochemistry; PCR: Polymerase chain reaction; MACS: Magnetic activated cell

sorting; FACS: Fluorescence activated cell sorting.

the occurrence of CTCs in the blood. Moreover; a literature
search within the Medline, Embase and Google Scholar
databases did not reveal an investigation that addressed
this topic. Cao et a*” postulated in a review that EMT leads
to tumor budding and subsequent blood vessel invasion.
However, this is not supported by other references. To us,
it seemed quite obvious that a correlation between these
two factors exists. However, we were not able to confirm
this hypothesis. We could not identify a correlation between
tumor budding and circulating CK* cells and could not
confirm that a combination of tumor budding and CK* cells
was prognostic. Tumor budding alone discriminated dearly
between two prognostic groups (Figure 3C). However,
significance was likely not achieved due to the small sample
number.

The data concerning the prognostic significance
of CTCs and disseminated tumor cells (DTCs) are con-
flicting™"!. However, there is growing evidence that CTC/
DTCs are of prognostic significance. Two commercial tests
based on immunomagnetic separation targeting EpCAM
(BerEp4) are currently available. They have proven to be
prognostic, particularly in the metastatic stage of different
cancers including colorectal cancer™®*!, Two meta-
analyses addressed this topic. Katsuno et af** restricted
their analysis to molecularly detected CTCs in mesenteric
blood and included 9 studies. They found a favorable
outcome in patients negative for CTCs [hazard ratio (HR)
0.4-0.08]"*\. Rahbari et a/** included 36 studies with
a total 3094 patients. They also identified a prognostic
effect of CTCs. However, stratification according to the
sampling compartment revealed that CTCs of peripheral
blood were prognostic but those of the mesenteric bone
marrow blood were not™**. Similarly, our study found that
the identification of CK* cells or clusters had no prognostic
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effect. In addition, the approach using ROC analyses to
identify a certain cut-off of cells which might be prognostic
failed.

CTCs seem to comprise different cell types of neo-
plastic and non-neoplastic origin. Moreover, it is very
likely that cells derived from cancer have different
potential to escape from immunogenic destruction and
to establish tumor growth at a distant site. Depending
on the compartment, cells may undergo a change in
their phenotype!*®***®l, As mentioned before, EMT is a
hallmark process in cancer progression and is associated
with impaired outcome™®*”, Cells undergoing EMT
lose their epithelial phenotype and gain mesenchymal
features. The use of methods optimized for the detection
of epithelial cells is prone to fail in the detection of all
CTCs. Moreover, these methods may fail to detect the
most relevant cells™. Currently, the most interesting
cells in this context are cells with stem-cell features. The
realization of a fast, exact and cost effective technical
method to detect these cells is likely the most promising
approach.

In this study, we hypothesized that the immuno-
cytochemical detection of CK" cell in the mesenteric
blood of colorectal cancer specimens correlates with
tumor budding and could serve as an easy to determine
prognostic factor. Drawing the blood after resection would
avoid delay and additional risk during the operation. None
of these hypotheses could be confirmed in our study. Given
the current literature, peripheral blood and not mesenteric
blood is the optimal material for the detection of CTCs. More
sophisticated techniques including molecular approaches
are relatively expensive and their availability is limited.
Nevertheless, they have the potential to detect exactly
the cells which are most likely to be relevant to the dlinical
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course of the disease. Immunocytochemical detection
seems to be less specific and is not favorable.
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Background

Colorectal cancer is one of the most common cancers in men and women. Its
prognosis depends mainly on the (UICC-) tumor stage. However, it is also known
that certain proportion of cancers with otherwise favorable features and low
stages show an aggressive clinical course while locally advanced cancers so not
relapse. It is accepted that the detection of circulating tumor cells has the potential
to improve the prognosis estimation not only in colorectal cancer.

Research frontiers

The main topic in the research field of circulating tumor cells is the influence of
the different compartments (peripheral blood, mesenteric blood or bone marrow)
on the clinical significance of the detected cells. Other important questions are
the methods for the assessment and the type of cells (e.g., stem cells) which are
most informative to predict the outcome.

Innovations and breakthroughs

The innovation of this study is the evaluation of the blood draw from resected
specimens. A direct correlation with tumor budding as a source for the circulating
tumor cells is also a new approach.

Applications

Because the authors’ hypotheses could not be confirmed, the main conclusions
are that mesenteric blood is probably not the best compartment for the
identification of the relevant cells and more sophisticated methods may be
superior over immunocytochemistry. Molecular techniques are more sensitive in
detecting cells with a high potential to serve as the origin for distant metastases.

Terminology
Circulating tumor cells are cells that lost its cohesion to the primary tumor mass
and achieved access to the vascular system including the bone marrow.

Peer-review
This is an interesting manuscript which appears to add to the existing body of
literature around this subject. The design is clear.
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