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a b s t r a c t
Colorectal cancer is a common and often deadly cancer. Circulating tumor cells (CTCs) have been implicated
as a potentially valuable prognosis factor. The detection of circulating tumor microemboli (CTM) and of simple
blood component parameters that reﬂect inﬂammatory status, such as the platelet-to-lymphocyte ratio (PLR) and
neutrophil-to-lymphocyte ratio (NLR), may provide information about tumor progression. The aim of this study
was to explore the importance of CTCs, CTM, PLR, and NLR prospectively in non-metastatic colon cancer progression. CTCs were enriched using ISET○R (Isolation by SizE of Tumor cells) and identiﬁed by immunocytochemical
exclusion of leukocytes. We evaluated CTCs and blood cell parameters in a cohort of 69 stage I–III colon cancer
patients (52.2% men; median age, 61 years; age range, 19–87 years) at a baseline timepoint prior to resection
surgery. The median of CTC levels at baseline was 20 cells/8 mL (0–94) and higher levels were associated with
CTM presence (p = 0.02). CTM were found in 18 (26.1%) patients. Of 18 stage I patients, 33.3% had CTM and of
51 stages II or III patients, 13.7% had CTM (p = 0.08). Patients with a high PLR (>124) were mostly (75.6%) diagnosed with high-risk stages II/III cancer (stages I/low-risk II, 24.4%; p = 0.014). All 8 patients that had disease
recurrence during follow-up had a high PLR (p = 0.02 vs. low PLR). NLR was not signiﬁcantly associated with
disease stage or recurrence. The present results indicate that CTCs and PLR analyses may be clinically useful for
colon cancer management and risk stratiﬁcation.

Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide. In 2018, CRC accounted for 10.2% (1.4 million) of all
neoplasms diagnosed in both genders and was the second leading cause
of death, representing 9.2% of all registered cancer deaths worldwide
[1]. Surgical resection is the only curative treatment modality for localized colon cancer. The goal of surgical resection of primary colon cancer
is complete removal of the malignant growth together with the major
associated vascular pedicles and the lymphatic drainage basin for the
aﬀected colonic segment [2].

Pathological evaluation of surgical specimens is performed to determined pathological stage (pS). Follow-up monitoring is recommended
for patients with pS I and II (low-risk) disease. For patients with colon
cancer with pS II or III (high-risk) disease, adjuvant treatment is indicated with 5-ﬂuorouracil alone or in combination with other chemotherapeutic agents, such as oxaliplatin (e.g. FOLFOX therapy) [3]. Although
5-year survival rates for patients with stage I–III colon cancer range are
high (71–90%), some patients experience local or distant recurrences
[4]. Thus, there is a need for biomarkers that can be used to identify
which patients with non-metastatic tumors are likely to be responsive
or resistant to therapies.

Abbreviations: ACC, accuracy; AUC, area under the curve; CEA, carcinoembryonic antigen; CRC, colorectal cancer; CTC, circulating tumor cell; CTM, circulating
tumor microemboli; DFS, disease-free survival; ISET, isolation by size of tumor cells; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ROC,
receiver operating characteristic; SE, sensitivity; SP, speciﬁcity; pS, pathological stage.
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Circulating tumor cells (CTCs) and CTC clusters, known as circulating tumor microemboli (CTM), are found in peripheral blood and play
a key role in cancer recurrence and progression [5,6]. Although CTCs
carry robust information about the tumor and have been studied extensively in recent years, their biology is not well understood [7,8]. CTCs
are extremely scarce compared to normal blood cells, with only 1–100
CTCs being present among millions of leukocytes and billions of erythrocytes [9,10]. Other blood components can be reliable biomarkers of
epithelial-to-mesenchymal cell transition and CTC colonization of distant sites as well as mediators of tumor cell crosstalk in the blood that
protects them from death [11].
Given that inﬂammation is a hallmark of cancer, it is sensible to investigate the inﬂuence and importance of immune system elements on
colon cancer prognosis. Readily accessible blood element data, such as
absolute neutrophil, lymphocyte, and platelet counts, may be useful for
prognostic evaluations. The aim of the present study was to examine the
hypothesis that simple blood element parameters related to systemic inﬂammatory status, namely the platelet-to-lymphocyte ratio (PLR) and
the neutrophil-to-lymphocyte ratio (NLR), may be useful for prognosis determination in colorectal cancer [12–15]. We thus analyzed blood
components to explore the importance of CTCs, CTM, PLR, and NLR in
non-metastatic colon cancer progression.
Materials and methods
Patient recruitment
A single-center prospective longitudinal study was conducted at A.C.
Camargo Cancer Center in São Paulo, Brazil, and approved by its Institutional Review Board and Ethics Committee (code: 2141/15B). The
patient inclusion criteria were: age > 18 years; undergoing resection
surgery for colon cancer; diagnosis conﬁrmed by pathology; ECOG (Eastern Cooperative Oncology Group) Performance Status between 0 and 2;
and written consent. The exclusion criteria were: a surgical procedure
in the past week; therapy in the past 3 weeks; prior history of another
carcinoma in the past 2 years. Patients with non-metastatic colon tumors were recruited at their anesthesiologist visits, and had preoperative
blood draws from July 2016 to October 2019. Cases were coded to preserve patient conﬁdentiality. Information about clinical characteristic
was collected retrospectively from medical record reviews. Blood from
healthy individuals (Fig. 1E) was used as negative control, and blood
from healthy individuals with HCT8 cell spikes (Fig. 1F) was used as
positive controls.
Pathological staging was conducted according to the American Joint
Committee on Cancer’s tumor-node-metastasis staging for colorectal
cancer guidelines (7th edition) [16]. Baseline collections (C1) were performed preoperatively, Follow-up collection (C2) times diﬀered among
patients according to pS: 1–2 years for pS I; 6–9 months for low-risk
pS II; and prior to commencing adjuvant chemotherapy for high-risk pS
stage II and pS III (Fig. S1). Approximately 8 mL of blood was collected
at each visit, and only those individuals who signed the informed consent form were enrolled in the study.
CTC isolation and identiﬁcation
For each patient, 8-mL blood samples were collected in ethylenediamine tetraacetic acid tubes and maintained under gentle homogenization for up to 4 h at room temperature until being selectively ﬁltered
with ISET○R (Isolation by SizE of Tumor Cells; Rarecells, France), according to the manufacturer’s instructions. ISET-ﬁlters are composed of 10
spots with 8-μm-diameter pores, retaining intact CTCs with diameters
> 8 μm, which become negative pressure-bound to polycarbonate membranes. Following the ISET procedure, the membranes were stored at
−20 °C.
CTCs were identiﬁed by light microscopy revealing negative immunocytochemical reaction to leukocyte common antigen with a hema-
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toxylin counterstain [17]. In addition, CTCs were deﬁned morphologically: diameter >16 μm, high nuclear-cytoplasmic ratio (≥0.8), and a hyperchromatic and irregular nucleus [18], (CD45, 1:100 CSB-PA010546;
CusaBio, Wuhan, China).
Blood element counts
Laboratory data, including total neutrophil, lymphocyte, platelet
counts and carcinoembryonic antigen (CEA) assays were obtained at C1
in a clinical analysis laboratory at A.C. Camargo Cancer Center. The data
were used to analyze the prognostic value of the NLR and PLR. A NLR
in the range of 0.78–3.53 was considered normal [19] and a PLR > 124
was considered high accordingly to the optimal cut-oﬀ value given by
ROC (Receiver Operating Characteristic) curve. Preoperative infection
status was determined by medical record review.
Statistical analysis
Patient characteristics were reported as absolute and relative frequencies for qualitative variables, and by median, minimum, and maximum values for quantitative variables. Data distributions were determined with Mann-Whitney U (2 variables) or Kruskall-Wallis (≥3 variables) tests. A sensitivity and speciﬁcity analysis were performed using
the ROC curve to determine the optimal cut-oﬀ value for PLR at C1, and
for CTCs at the two moments analyzed (C1 and C2), in order to better
separate patients that had or not disease relapse. Kaplan-Meier survival
curves were generated and then compared by log-rank testing. Diseasefree survival (DFS) was assessed from C1 to the date of the ﬁrst disease
recurrence, as determined by imaging and/or biopsy. Patients who did
not have a recurrence were censored on the date of their last hospital
visit. The level of signiﬁcance was 5% for all tests. All statistics were
performed in SPSS version 24.0 (IBM, Armonk, NY), with a 5% significance criterion. Figures were constructed in GraphPad Prism version
8.2.1 (GraphPad Software, Inc., San Diego, CA).
Results
Patients
The demographic, clinical, and pathological characteristics of the
study cohort of patients who underwent curative colon cancer resection
(N = 69) are summarized in Table 1. Brieﬂy, all tumors were classiﬁed
histologically as adenocarcinomas, of which 85% (57/69) were moderately diﬀerentiated. The primary tumor site was in the distal colon
in about two-thirds of the cases. A majority of patients (56.5%) were
life-long non-smokers.
Both KRAS and NRAS mutational status (for both genes, codons 12,
13, 61, 117, 146 were evaluated) were available in 54/69 (78.3%) of the
medical records, of which 19/54 (35.2%) were indicated to be KRAS mutant and 5/54 (9.3%) were indicated to be NRAS mutant. BRAF V600E
was analyzed in 47/69 (68.1%) of cases, and all of them were considered as wild-type. Mismatch repair proﬁciency status was available in
64/69 (92.8%) of cases and only 10.1% (7 cases) had MMR-deﬁcient tumors. None of the molecular analyses mentioned above had association
with prognosis, or other biomarkers tested.
Of the 40 patients (58%) that received adjuvant chemotherapy, 6
(15%) had pS II disease and 34 (85%) had pS III disease. Among the pS
II patients, about two-thirds (67%) received an adjuvant capecitabine
regimen, whereas among the pS III patients, about four-ﬁfths (79.5%)
received adjuvant FOLFOX (5-ﬂuorouracil plus leucovorin and oxaliplatin) or CAPOX (capecitabine plus oxaliplatin) regimen. The median
follow-up time was 22.1 months (95% CI, 19–25.2 months). During patient follow-up, 8/69 patients (11.6%) had a cancer relapse, with a mean
recurrence time of 33.7 months [95% conﬁdence interval (CI), 31.3–36
months). Median DFS was not reached. None of patients progressed to
death.
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Fig. 1. Circulating tumor cells (CTCs) isolated from non-metastatic colon cancer. Photomicrographs of CD45-immunonegative CTCs (A and B) and circulating tumor
microemboli (CTM) (C and D) isolated from patient blood samples. Leukocytes isolated from a healthy individual (E) and cells from a healthy blood spiked with
HCT-8 cell line (F). Thin arrows identify isolated CTCs, thick arrows indicate leukocytes, and asterisks show locations of 8-μm pores in polycarbonate membranes.
(G) Median CTC counts (8 mL samples) by pathological stage (pS) at baseline (C1) and follow-up (C2). (H) Disease-free survival (DFS) in relation to CTC counts at
C1 (≤5 vs. >5 CTCs/8 mL; p = 0.3). (I) DFS in relation to CTC counts at C2 (≤5 vs. >5 CTCs/8 mL; p = 0.17).

CTC and CTM evaluation
As shown in Fig. 1A and 1B, CTCs were identiﬁed by cytopathological analysis and CD45 immunonegativity (i.e. leucocyte exclusion).
All morphologically characterized CTCs were CD45 immunonegative.
Blood from 20 healthy individuals was used as a negative control, with
a similar distribution when classiﬁed by age and sex, and none of them
had CTCs (Fig. 1E). We analyzed CTCs from all 69 patients at C1 and
from 56 patients at C2, due loss of follow-up (7 patients) and drop-out
the study (6 patients). The detection rate was 94.2% at C1 and 94.6%
at C2, and the median number of CTCs/8 mL was 20 (0–94) at C1 and
13.3 (0–69) at C2. Although the detection rate remained high at C2, a
non-signiﬁcant trend of a drop in CTC counts following tumor resection
surgery was evident overall as well as within each pS group (Fig. 1G).
For pS I, II, and III, we observed median CTC counts (in 8 mL) of 19, 24,

and 19.6 at C1 and median CTC counts (in 8 mL) of 10.6, 18.6, and 16,
respectively.
Based on ROC curve analyses (Figs. S2B and S2C), a cut-oﬀ of 5
CTCs/8 mL was chosen for both C1 (area under the curve [AUC]: 0.488,
sensitivity [SE]: 100%, speciﬁcity [SP]: 11%, accuracy [ACC]: 21.7%)
and C2 (AUC: 0.532, SE: 100%, SP: 18%, ACC: 25%). Patients with at
or below the cut-oﬀ at C1 (p = 0.3; Fig. 1H) and at C2 (p = 0.17; Fig. 1I)
both showed a tendency toward a higher DFS than those above the
cut-oﬀ (DFS not calculated at either evaluation point). Among patients
with high-risk tumors (submitted to adjuvant chemotherapy) who experienced disease recurrence, CTC counts correlated very signiﬁcantly
with CEA levels (Spearman’s 𝜌= 0.95; p = 0.001; Fig. 2A).
Interestingly, as shown in Fig. 2B and 2C, smokers/ex-smokers had
signiﬁcantly greater median CTC counts than non-smokers at both C1
(28.8 vs. 17.6 CTCs/8 mL; p = 0.05) and C2 (24 vs. 10.4 CTCs/8 mL;
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Table 1
Demographic, clinical, and pathological characteristics of patients with non-metastatic
colon cancer.
Variable (N)

N

Total number of patients
69
Median age (range) at recruitment, years (69)
61 (19–87)
Gender, no. males/no. females (69)
36/33
Histological grade (67)
Mucinous adenocarcinoma
5
Well-differentiated adenocarcinoma
4
Moderately-differentiated adenocarcinoma
57
Poorly-differentiated adenocarcinoma
1
Primary tumor site (69)
Proximal colon
23
46
Distal colon
KRAS mutation status (54)
Wild-type
35
Mutant
19
NRAS mutation status (54)
Wild-type
49
Mutant
5
BRAF mutation status (47)
Wild-type
47
Mutant
0
MMR status (64)
Proﬁcient
57
Deﬁcient
7
Tumor size (69)
1
4
2
20
3
37
4a/4b
8
Lymph node status (69)
N0
33
N+
36
pS (69)
I
18
IIA/IIB
15
IIIA/IIIB/IIIC
36
Therapeutic strategy (69)
Adjuvant chemotherapy
40
Follow-up
29
Median CEA at baseline, C1 (available for 65/69)
2.5 (0.1–158)
1.6 (0.6–33)
Median CEA at follow-up, C2 (available for 37/56)
Median CTC (8 mL) at baseline, C1 (available for 69/69)
20 (0–94)
Median CTC (8 mL) at follow-up, C2 (available for 56/56)
13 (0–69)
CTM at baseline, C1 (available for 69/69)
Presence
13
Absence
56
CTM at follow-up, C2 (available for 56/56)
Presence
8
Absence
48
Tumor-node-metastasis staging according to 2017 UICC guidelines.

%
100
52.2/47.8
7.5
6
85
1.5
33.3
66.7
64.8
35.2
90.7
9.3
100
0
89.1
10.9
5.8
29
53.6
11.6
47.8
52.2
26.1
21.7
52.2
58
42

18.8
81.2
14.3
85.7

Fig. 2. CTC count comparisons across study subgroups. (A) Correlations of CTC counts with CEA at C1 in patients who had disease relapse and were treated with
adjuvant chemotherapy (biomarkers data available for 7/7 cases at C1; Spearman’s 𝜌 = 0.95; p = 0.001). (B) Median CTC counts at C1 in smokers/former smokers
versus in non-smokers (p = 0.05; Mann-Whitney U). (C) Median CTC counts at C2 in smokers/former smokers versus in non-smokers (p = 0.04; Mann-Whitney U).
∗
Smokers/former smokers were grouped in the x-axis “yes” classiﬁcation.
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Fig. 3. Platelet-to-lymphocyte ratios (PLRs) and circulating tumor microemboli (CTM) in non-metastatic colon cancer. (A) Comparison of DFS between patients with
low PLRs (<124) versus those with high PLRs (≥124) at C1 (p = 0.01). (B) Distribution of PLR levels among patients with versus without CTM, by pS (stages I and
low-risk II: p = 0.16; high-risk stage II and stage III). (C) Among patients with CTM (N = 10), PLRs were higher in patients with right-sided colon cancer (p = 0.01 vs.
left-sided).

p = 0.04). CTM were found in 13/69 patients (18.8%) at C1 and in 8/56
patients (14.3%) at C2 (Figs. 1C and 1D). Compared to patients without
CTM, patients with CTM had signiﬁcantly higher distributions of CTCs at
both C1 (p = 0.02) and C2 (p = 0.01). None of the morphologically characterized CTCs presented CD45 expression, nor did the healthy donors
present CTCs on their membranes.
Blood element analyses
According to their medical records, none of the patients exhibited
preoperative signs of infection. NLR was evaluated in 65/69 cases, and
a median NLR value of 2.6 (range, 1.0–14.8) was obtained. NLRs were
within the normal range in a majority of patients and NLRs were not
associated with any analyzed patient characteristics, including DFS.
Based on ROC curve analyses (Fig. S2A), an optimal cut-oﬀ of 124
for PLR was chosen (AUC: 0.655, SE: 100%, SP: 42%, ACC: 49.2%).
Patients with a high PLR (above 124) at C1 were more likely to have
high-risk pS II or III disease (75.6%) than pS I or low-risk pS II disease
(24.4%; p = 0.014). In addition, 90% of patients with CTM at C1 were in
the high-PLR group (p = 0.11 vs. low PLR). All 8 patients who suﬀered
disease recurrence had a high PLR (p = 0.02 vs. low PLR). Accordingly,
analyzing the whole cohort, the high-PLR group had a shorter DFS than
the low-PLR group (DFS time not calculated; p = 0.019; Fig. 3A). No
correlation was found between the levels of PLR and CTC at baseline
(p = 0.48), or at follow-up (p = 0.96). The amount of CTM as also the
number of CTCs into the clusters were not correlated with the PLR values.
Analyzing patients according to disease stage, we found that among
pS I patients, 80% of the patients with CTM at C1 had a high PLR
(p = 0.11 vs. low PLR). Meanwhile, among patients with pS II or III disease, 100% of the patients with CTM at C1 had a high PLR (p = 0.31 vs.
without CTM). Patients with pS I or low-risk pS II disease and no evident
CTM had a median PLR of 115. Patients who were diagnosed with the
same disease stage but with CTM had a median PLR of 166 (p = 0.16 vs.
no CTM). Among patients with high-risk stage II/III disease, the median
PLR was 212 among those with CTM but only 145 among those without CTM (p = 0.09; Fig. 3B). Among patients with CTM, the PLR was
signiﬁcantly greater in patients with right-sided tumors (p = 0.019 vs.
left-sided; Fig. 3C).
Discussion
Because immune system homeostasis plays a central role in disease
responses, immune deregulation can enable the development of several
diseases [20,21], especially cancer [22,23]. However, immune system

involvement with tumor components in blood has been only recently
explored [11,24,25]. In this study, we obtained data suggesting that
a greater value for the immune parameter PLR may indicate a worse
prognosis, particularly when evaluated together with CTCs, and clinical characteristics. The presently observed tendency for a higher PLR
distribution in patients with CTM, even in early stages of colon cancer,
supports the hypothesis that there may be signaling between CTCs and
platelets. Furthermore, we found that patients with a high PLR (>124)
had a signiﬁcantly lower DFS than those with a low PLR, demonstrating an interaction between platelet ratio and cancer recurrence. These
ﬁndings are consistent with the ﬁndings of a prior meta-analysis of 26
studies (13,964 tumors of various types) showing that a high PLR is
predictive of worse OS overall (hazard ratio, 1.60; 95% CI, 1.35–1.90)
as well as for colorectal cancer speciﬁcally (hazard ratio,1.65; 95% CI,
1.33–2.05) [26]. This meta-analysis [23] and other studies [14,15,27]
presented a dissimilarity in relation to the cut-oﬀ value of PLR, and
most of them calculate and consider as “high PLR” according to the cohort that is being studied, results that show an agreement with our data.
Concerning the NLR results obtained here, it was noticed a discrepancy
when compared to the literature [12,28,29]. Probably, our unfavorable
results in relation to NLR can be justiﬁed by the small sample size, heterogeneity of resectable colon cancer stages, and short follow-up time.
Hence, accordant results could be obtained in a larger cohort study.
Using the ISET method, we obtained a high rate of CTC detection at
both C1 (94.2%) and C2 (94.6%). High CTC detection rates (83% for
colorectal cancer and 89% for colon cancer speciﬁcally) have also been
reported with a Metacell○R ﬁltration protocol [30]. The present study
demonstrated, for the ﬁrst time to our knowledge, signiﬁcantly higher
CTC counts in smokers/former smokers than in non-smokers at baseline
and follow-up evaluation points.
The presently determined ROC curve-based cut-oﬀ separating patients with versus without cancer recurrence (5 CTCs/8 mL for C1
and C2), albeit without a statistically signiﬁcant diﬀerence, was similar to the cut-oﬀ reported recently by Baek et al. [31] using another
methodology (5 CTCs/7.5 mL). They did not obtain a signiﬁcant difference in progression-free survival or overall survival between groups
divided by this cut-oﬀ (p = 0.33). Using the CmX platform (a biomimetic
lipid-coated microﬂuidics system for isolating viable CTCs/CTM), Tsai
et al. [32] demonstrated that distant metastasis development in nonmetastatic patients was likely in patients with ≥5 CTCs/2 mL than in
patients with a lesser CTC presence.
Because we used an antigen-independent cell-isolation method, the
CTCs that we isolated, even with all the cytopathological criteria of
malignancy, may have heterogeneous capacities and biological mechanisms depending on their clone of origin in the primary tumor. Such
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heterogeneity may help to explain the high numbers of CTCs found in
pS I. In addition, CTC presence can precede metastasis development by
months, or even years. Using ISET to analyze the peripheral blood of 168
patients, Ilie et al. detected CTCs in 5/168 patients (3%) with chronic
obstructive pulmonary disease, but without a lung cancer diagnosis, and
then found that these 5 patients developed pulmonary nodules 1–4 years
later, making early resection of these nodules possible and thus providing a long-term cure [33].
There remains a need to identify a set of blood markers that can
be used to determine whether tumor resection surgery has been curative or not and thus to guide chemotherapy treatment planning, including monitoring of treatment eﬀects on CTC levels. Available antigenbased CTC detection methods do not yield consistent results and have
a lower CTC detection range than antigen-independent methods. Krebs
et al. [18] evaluated 40 lung cancer patients with two technologies:
CellSearch○R (Menarini Silicon Biosystem), which detects two epithelial markers (cytokeratin and EpCAM expression), and ISET. CTCs were
found in 9/40 patients (23%) with CellSearch and found in 32/40 patients (80%) with ISET[18], suggesting that the former methodology is
prone to false negative results [34].
In conclusion, in this study, we showed that it is feasible to explore
the implications of CTCs and CTM in patients with non-metastatic colon
cancer with the easy-to-use free-labeling ISET method. Additionally, the
present results are suggestive of a possible interaction of CTCs with
platelets. The parameters obtained with this method may be clinically
useful for improving follow-up monitoring of patients at high risk of
cancer or cancer recurrence. Certainly, this is a pilot study that includes
patients with diﬀerent stages of colon cancer and needs to be validated
in larger cohorts.
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