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Background: Microsatellite instability (MSI) and circulating tumor cells (CTCs) play 
important roles in the diagnosis, prognosis and management of colorectal cancer (CRC) 
patients.
Methods: CTCs and MSI were assessed in the blood and representative tumor tissues of 100 
CRC patients by flow cytometry (FCM) and PCR amplification. The data were correlated to 
relevant clinicopathological features of the patients, progression-free survival (PFS) and 
overall survival (OS) rates.
Results: MSI-high was detected in 44 (44.0%) patients, MSI-low in 37 (37%), and micro-
satellite stable (MSS) in 19 (19.0%) patients (P=0.007). The baseline CTCs count (<4 cells/ 
7mL blood) was reported in 39% of the patients, and CTCs ≥4 cells/7mL blood in 61% of the 
patients (P=0.028). Improved PFS and OS rates were associated significantly with MSI-high 
(P<0.001), decreased CTC levels during the course of treatment (P<0.001) and post- 
treatment CTCs (P=0.008). There was no significant association between MSI-high and 
PFS or OS in early-stage patients (P=0.187 and P=0.187; respectively); however, it was 
associated significantly with better PFS and OS in late-stage patients (P<0.001). Multivariate 
analysis showed that only a change in serial CTC levels is considered an independent 
prognostic factor for OS (P<0.012). Post-treatment CTCs level, serial CTCs level changes 
during the course of treatment, lymph nodes and distant metastasis were independent 
prognostic factors for PFS (P<0.001, P= 0.047, P=0.001 and P<0.001; respectively).
Conclusion: MSI and CTCs could be used as accurate, reliable and sensitive diagnostic and 
prognostic biomarkers for CRC patients’ survival rates and outcomes.
Keywords: circulating tumor cells, microsatellite instability, colorectal cancer, response to 
treatment, survival rates

Introduction
Colorectal cancer (CRC) is the third most common cancer, and the fourth leading 
cause of cancer-related death worldwide.1 The estimated 5-year survival rate in 
metastatic patients is only 13%,2 and its management usually involves surgical 
resection of the primary tumor followed by chemotherapy and/or targeted therapy 
for late disease stage.3 Despite the advancement of these treatment strategies, drug 
resistance still represents a major unresolved issue, and about one-third of the 
patients who underwent curative surgery for CRC experienced disease 
recurrence.4,5 Therefore, there is an increasing demand to search for biomarkers 
that can help in identifying these patients and improving their outcomes. In the last 
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few years, liquid biopsies proved to be an easy, rapid, 
sensitive and minimally invasive way for investigating 
tumor dynamics, and providing accurate data related to 
progression, determination of treatment course, evaluation 
of response, and prediction of survival rates.6

Circulating tumor cells (CTCs) are cells that shed from 
the primary tumor into the circulation and therefore, can 
invade other organs causing metastasis.7 It had been 
demonstrated that the number of CTCs correlated signifi-
cantly with patients’ response to treatment, progression- 
free and overall survival rates in different metastatic solid 
tumors including breast, prostate and colorectal 
cancers.8–10 However, its applicability has been limited 
by their paucity (1–10 CTCs/million blood cells in aver-
age), as well as by the need of highly experienced person-
nel and highly sensitive techniques for isolation.11

Microsatellite instability (MSI) is caused by mutations in 
the mismatch repair gene (MMR) with consequential inabil-
ity to correct DNA damage and/or errors during replication 
and cell division. Mismatch repair genes are inactivated 
either as a result of germline mutations in certain genes 
including MLH1, MSH2, MSH6 and PMS2, or as sporadic 
promoter hypermethylation of MLH1 gene.12 MSI testing is 
considered the main method for the diagnosis of hereditary 
nonpolyposis CRC (HNPCC),13 and it has also been detected 
in about 10%–15% of the sporadic CRCs in few studies.14 

Therefore, it is now recommended to evaluate MSI status in 
all newly diagnosed CRC cases as a prognostic marker 
especially for stage II CRC patients, for identifying patients 
with HNPCC, and also to predict response to immunotherapy 
in patients with stage IV CRC.15

The aim of the current study is to assess the possible 
diagnostic, prognostic and predictive roles of CTCs and 
MSI in CRC patients. This will be achieved via correlating 
the number of CTCs (initially and after treatment) and 
MSI profile to relevant clinicopathological features of the 
patients, and to assess their impact on overall and progres-
sion-free survival rates of the studied patients.

Methods
This prospective cohort study included 100 well- 
characterized CRC patients who were diagnosed and trea-
ted at the National Cancer Institute (NCI), Cairo 
University during the period from 2012 to 2013.

The eligibility criteria for the recruited patients were 1) 
aged from 18 to 75 years; 2) histologically confirmed carci-
noma of the colon or rectum; 3) all stages were allowed; 4) 
newly diagnosed CRC patients, with no previous history of 

malignancy or chemotherapy; 5) received their treatment at 
NCI, Cairo University. Patients included in the study were 
assessed regularly for complete medical history, physical 
examination, laboratory and radiological evaluation accord-
ing to the NCI, Egypt guidelines.

The study protocol was approved by the ethical commit-
tee of the NCI, Cairo University, which was in accordance 
with the 2011 declaration of Helsinki. A written informed 
consent was obtained from all participated patients and con-
trol subjects prior to enrolment in the study.

Detection and Enumeration of CTCs
From each patient or control subject, 7mL blood was obtained 
in a sterile, plastic, 15-mL falcon tubes. The samples were 
transferred immediately to the tissue culture and cytogenetics 
unit, pathology department, NCI, Cairo University, for detec-
tion and enumeration of circulating tumor cells (CTCs). Three 
blood samples were isolated from each patient for enumeration 
of CTCs. Baseline CTC was assessed either before surgery or 
immediately after surgery in stages I, II and III, and before 
starting palliative chemotherapy in metastatic setting. 
The second was assessed after 1 month of treatment, while 
the post-treatment CTC was assessed after 3 months of adju-
vant chemotherapy or 3 months of palliative treatment in 
a metastatic setting. Enumeration of CTCs was done by flow 
cytometry (FCM) according to the standard protocols. In brief, 
the mononuclear cells were separated by gradient density 
centrifugation using Ficoll-Hypaque 1077 (Sigma). The cells 
were double stained by CK-19- FITC (positive selection, 
epithelial marker) and CD45 (negative selection, lymphocyte 
marker; Miltenyi Biotec, MACS, Germany) according to 
manufacturers’ protocols.

The separated cells (CK+/CD45- cells) were then 
washed by phosphate buffered saline (PBS), re- 
centrifuged and re-suspended in 5–10 mL PBS for enu-
meration of CTCs. For each case 10,000 to 30,000 cells 
were acquired by FCM (Facscalibur, BD Bioscience, 
USA) using the Cell Quest software.16

Serial CTCs change was also assessed through sub-
tracting the count of baseline CTCs from the post- 
treatment CTCs for each patient.

Detection of Microsatellite Instability 
(MSI)
Formalin-fixed, paraffin-embedded tissue (FFPETs) blocks 
were obtained from the CRC tissues of patients underwent 
surgery in the surgical unite of the NCI, Cairo University. 
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The control samples were obtained from the adjacent 
normal tissues. Five to eight sections (4 µm each) were 
obtained from each FFPETs block of the tumor and normal 
control tissues, they were cut onto a 2-mL plastic, sterile 
Eppendorf tubes for assessment of MSI.

DNA was extracted from the tumor and normal tissue 
sections from each patient, and amplified using the MSI 
analysis system, which is a fluorescent PCR-based assay 
(Promega, cat.no.MD1641). According to this assay, allelic 
profiles of certain microsatellite markers were compared in 
the normal and tested samples. Alleles that were present in 
the test sample but not in the corresponding normal samples 
indicated MSI. It included fluorescent-labeled primers for co- 
amplification of seven MSI markers including five mononu-
cleotide repeat markers (BAT-25, BAT-26, NR-21, NR-24 
and MONO-27) and two pentanucleotide repeat markers 
(Penta C and Penta D). The mononucleotide markers were 
used for MSI determination, and the pentanucleotide markers 
were used to detect the potential sample mix-up and/or con-
tamination. Internal lane size standards were added to the 
PCR samples to assure accurate sizing of the alleles, and to 
adjust for run-to-run variation. The PCR products were sepa-
rated by capillary electrophoresis using 3100-Avant Genetic 
Analyzer, and the output data were analyzed by 
GeneMapper® Analysis Software to determine MSI 
status.12,17 MSI was classified as follows: samples with 
MSI ≥2 of the mono-nucleotide repeats (MNMs) are desig-
nated MSI-high, samples with MSI in one of the MNMs are 
designated MSI-low, and samples with no MSI in any of the 
MNMs are designated MSS.

Statistical Analysis
Data analysis was performed using a statistical software 
package (SPSS Inc version 22.0; Chicago, IL, USA). 
The association between MSI and/or CTCs count and 
the relevant clinic-pathological characteristics of the 
patients was done with Fischer's exact test. Mann– 
Whitney and Kruskal–Wallis test were used to assess 
the association between the CTCs count and the clinic- 
pathological characteristics of the patients. Comparison 
between pre-treatment and post-treatment CTCs count 
was done using paired t test. The association between 
the tested markers (MSI and CTCs) with survival was 
analyzed by Kaplan-Meier plot and Log rank test. 
Univariate and multivariate survival analyses were per-
formed using the Cox proportional hazard model. All 
P values were two-tailed, P value <0.05 was considered 
as statistically significant.

Results
Patients’ Characteristics
The current study included 100 CRC patients. The mean 
age of the patients was 46.2±14.2 (range, 17–73 years). 
Forty-four patients were males (41%), and 59 patients 
were females (59%). Twelve patients (12%) had Diabetes 
mellitus (DM), 13 (13%) had blood hypertension, and 15 
patients (15%) had a positive family history for CRC. 
Thirty-seven patients (37%) presented with early tumor 
stage (I–II), and 36 (63%) presented with late disease 
stage (III–IV). Most of the patients 75 (75%) had tumor 
grade I–II, and 25 patients (25%) had tumor grade III. The 
majority of the patients 82 (82%) had adenocarcinoma, 
while the remaining 18% had mucinous adenocarcinoma. 
There were 29 (29%) patients who had distant metastasis 
(Table 1).

Management of the Patients
Eighty-one patients (81.0%) underwent surgical resection 
of their tumors, with the right hemicolectomy was the 
most performed type of surgery in 25/81 (30.8%) of the 
cases. Chemotherapy was given either alone or concomi-
tant with radiotherapy as a neoadjuvant treatment to 22 
patients (22%). Whereas adjuvant treatment including che-
motherapy and/or radiotherapy was given to 57 patients 
(57%). The median duration of adjuvant chemotherapy 
was 5 months (range 0.5 to 10.0 months). Twenty-nine 
percent of the cases received chemotherapy as a palliative 
treatment in patients with metastatic tumors, and 65 cases 
(65%) received oxaliplatin-based chemotherapy followed 
by fluoropyrimidine-based chemotherapy (Table 1).

Assessment of MSI Level in Colorectal 
Cancer Patients
Microsatellite instability (MSI) was assessed in all studied 
patients and accordingly 37 patients (37%) patients had 
MSI-low, 19 (19.0%) patients had MSS, and 44 (44.0%) 
patients had MSI-high (P=0.007, Figure 1A).

Assessment of CTC Levels in Colorectal 
Cancer Patients
The baseline CTCs count was lower than 4 cells/7mL blood in 
39 (39%) patients, and equal or more than 4 cells/7mL blood 
in 61 (61%) patients (P=0.028). The post-treatment CTCs 
count was lower than 4 cells/7mL blood in 61 (61%) patients, 
and more than 4 cells/7mL blood in 39 (39%) patients 
(P=0.028). The mean count of CTCs before treatment was 
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8.89±10.8 cells (95% CI; 6.7–11.04), and the median was 5.5 
cells with a range of 0–51 cells. The mean count of CTCs after 
treatment was 6.26±8.5 (95% CI; 4.6–7.9), and the median 
was 2.0 with a range of 0–33 cells (P=0.029, Figure 1B). The 
serial CTCs level decreased in 74 (74.0%) patients, and 
increased in 26 (26.0%) patients (P<0.001, Figure 1C).

Association Between MSI and 
Clinicopathological Features of the 
Patients
The presence of MSI in the assessed tumor samples was 
associated significantly with tumor stage, as out of all patients 
with early (I–II) disease stage (37), 24 (64.9%) patients had 
MSI-high, 7 (18.9%) had MSI-low and 6 (16.2%) had MSS 
(P=0.004). MSI was associated significantly with distant 
metastasis, since 16 (55.2%) patients out of the 29 patients 
with distant metastasis were MSI-low, 9 (31.03%) were MSS 
and only 4 (13.8%) patients were MSI-high (P<0.001). Out of 
the 44 patients with MSI-high, 40 (90.9%) patients did not 
have distant metastasis and four patients had metastatic dis-
ease. There was no significant association between MSI and 
any of the relevant clinicopathological features of the patients 
including age, gender, family history, presence of diabetes 
mellitus, hypertension, tumor pathology, grade, or site 
(P>0.05, Table 2).

Association Between CTCs Count the 
Clinicopathological Features of the CRC 
Patients
The baseline CTCs count did not associate significantly 
with any of the assessed clinicopathological features of the 
patients including age, gender, family history, presence of 

Table 1 Clinico-Pathological Characteristics of the Assessed 
Colorectal Cancer Patients (n=100)

Characteristics Patients, n (%)

Age (years)
Mean±SD 46.2±14.2

<46 48 (48)
≥46 52 (52)

Gender
Male 41(41)

Female 59 (59)

Diabetes mellitus
Non-diabetic 88 (88)
Diabetic 12 (12)

Hypertension
Non-hypertensive 87 (87)

Hypertensive 13 (13)

Family history
Absent 85 (85)

Present 15 (15)

T-stage
T1–2 24 (24)
T3–4 76 (76)

Stage
Early (I–II) 37 (37)

Late (III–IV) 63 (63)

Grade
I–II 75 (75)

III 25 (25)

Metastasis
M0 71 (71)
M1 29 (29)

Pathology
Adenocarcinoma 82 (82)

Mucinous 18 (18)

Laterality
Right colon 34 (34)

Left colon 31(31)
Transverse colon 4 (4)

Rectum 31 (31)

Treatment
Adjuvant 57 (57)
Neo-adjuvant 22 (22)

Palliative chemotherapy 29 (29)

Radiotherapy 10 (10)

(Continued)

Table 1 (Continued). 

Characteristics Patients, n (%)

Type of surgery (81)
Abdominoperineal resection 12 (14.7)

Low anterior resection 11 (13.5)
Left hemicolectomy 19 (23.5)

Palliative resection 5 (6.1)
Right hemicolectomy 25 (30.8)

Transverse colectomy 9 (11.1)
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diabetes mellitus, hypertension, pathological type, tumor 
grade and stage, tumor site or distant metastasis (P>0.05, 
Table 3). Similarly, serial CTCs level changes did not 
associate significantly with the assessed clinicopathologi-
cal features of the patients except for distant metastasis, 
since out of the 26 patients with distant metastasis, 15 
(57.7%) showed increased CTC levels during the course 
of treatment and 11 showed decreased CTC levels 
(P=0.001, Table 4).

Survival Analysis
Progression-Free Survival (PFS) Rate
The median PFS of all assessed patients was 12 months with 
a cumulative proportion of 90.7%, 66.1% and 33.0% at 6 
months, 1 year and 3 years, respectively. A prolonged PFS 
rate was associated significantly with the level of post- 
treatment CTCs (35.3% in patients with CTCs count <4 
cells/7mL blood compared to 16.9% in patients with CTCs 
count ≥4 cells/7mL blood (P<0.001)). In addition, PFS was 

associated significantly with the serial CTC levels during the 
course of treatment (34.4% in patients with decreased CTC 
levels compared to 11.1% in patients with increased CTC 
levels (P<0.001)). However, there was no significant associa-
tion between the baseline CTC levels and PFS rate of the 
assessed patients (Figure 2A–C). Patients with MSI-high had 
significantly better PFS rates compared to those with MSI-low 
/MSS (P<0.001, Figure 3A). According to the stage of the 
disease, there was no significant association between MSI and 
PFS in early-stage patients (P=0.187); however, in late-stage 
patients, MSI-high was associated significantly with pro-
longed PFS compared to those with MSI-low/MSS 
(P<0.001, Figure 3C and E, sup. 1).

Overall Survival (OS) Rate
The cumulative OS rates of the patients were 100%, 96.1% 
and 72.1% at 6months, 1 year and 3 years, respectively. The 
OS rate was associated significantly with the serial CTC 
levels during the course of treatment (21.6% in patients 

Figure 1 (A) The expression levels of MSI-high, MSI-low and MSS in colorectal cancer patients, (B) the mean count of CTCs in CRC patients before and after treatment, 
(C) the expression levels of CTCs (baseline, post-treatment, and serial CTCs change) in the patients.
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with increased CTC levels compared to 43.4% in patients 
with decreased CTC levels, P<0.001). Similarly, OS rate was 
associated significantly with the post-treatment CTC levels 
(44.2% in patients with CTCs count <4 cells/7mL blood 
compared to 26.1% in patients with CTCs count ≥4 cells/ 

7mL blood (P<0.001). On the contrary, there was no signifi-
cant correlation between the baseline CTC level and the OS 
rate of the assessed patients (Figure 2D–F). Patients with 
MSI-high had significantly prolonged OS rates compared to 
those with MSI-low/MSS (P<0.001, Figure 3B). MSI did not 

Table 2 Association Between MSI and the Clinico-Pathological Features of the CRC Patients

Characteristics MSI P valuea

Stable (n= 19) MSI-Low (n=37) MSI-High (n=44)

Age (years)
<46 9 (47.4) 15 (40.5) 24 (54.5) 0.45
≥46 10 (52.6) 22 (59.5) 20 (45.5)

Gender
Male 9 (47.4) 15 (40.5) 17 (38.6) 0.81
Female 10 (52.6) 22 (59.5) 27 (61.4)

DM
Non-diabetic 17 (89.5) 31 (83.6) 40 (90.9) 0.60
Diabetic 2 (10.5) 6 (16.2) 4 (9.1)

HTN
Non-hypertensive 17 (89.5) 31 (83.6) 39 (88.6) 0.76
Hypertensive 2 (10.5) 6 (16.2) 5 (11.4)

FH
Absent 16 (84.2) 31 (83.6) 38 (86.4) 0.94
Present 3 (15.8) 6 (16.2) 6 (13.6)

T-stage
T1–2 2 (10.5) 9 (24.3) 13 (29.5) 0.27
T3–4 17 (89.5) 28 (75.7) 31 (70.5)

Stage
Early (I–II) 6 (31.6) 7 (18.9) 24 (54.5) 0.004
III 4 (21.1) 13 (35.1) 16 (36.4)

IV 9 (47.3) 17 (45.9) 4 (9.1)

Grade
1–2 14 (73.7) 28 (75.7) 33 (75.0) 0.72
3 5 (26.3) 9 (24.3) 11 (25.0)

Metastasis
M0 10 (52.6) 21 (56.8) 40 (90.9) <0.001
M1 9 (47.4) 16 (43.2) 4 (9.1)

Laterality
Right 7(36.8 13(35.1) 14(31.8) 0.82
Left 4(21.1) 10(27.0) 17(36.8)

Transverse 1(5.3) 1(2.7) 2(4.5)
Rectum 7(36.8) 13(35.1) 11(25.0)

Pathology
Adenocarcinoma 18(94.7) 29(78.4) 35(79.5) 0.27

Mucinous 1(5.3) 8(21.6) 9(20.5)

Notes: aChi-Square test, values in bold are statistically significant <0.05. 
Abbreviation: MSI, microsatellite instability.
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associate significantly with OS in patients with early-stage 
tumors (P=0.416), while with the progression of the disease, 
MSI-high was associated significantly with better OS rates 
compared to MSI-low/MSS (P<0.001, Figure 3D and F, 
sup. 2).

Univariate and Multivariate Survival 
Analysis for the Assessed CRC Patients
Univariate survival analysis for the assessed CRC patients 
showed a significant association between PFS rate and 
MSI-high (P= 0.033), post-treatment CTCs level ≥4 

Table 3 Association Between the Baseline CTCs and Clinic-Pathological Features in CRC Patients

Characteristics n Baseline CTCs Count Median (Range) Pa value Baseline CTCs n (%) P value

<4 Cells ≥4 Cells

Age (years)
<46 48 6.0 (0–30) 0.33 19(48.7) 29(47.5) 0.91c

≥46 52 5.0 (0–51) 20(51.3) 32(52.5)

Gender
Male 41 5.0 (0–30) 0.70 15(38.5) 26(42.6) 0.68c

Female 59 6.0 (0–51) 24(61.5) 35(57.4)

DM
Non-diabetic 88 5.5 (0–50) 0.50 34(87.2) 54(88.4) 0.84c

Diabetic 12 7.0 (0–51) 5(12.8) 7(11.6)

Hypertension
Non-hypertensive 87 5.0 (0–44) 0.06 36(92.3) 51(83.6) 0.21c

Hypertensive 13 10.0 (1–51) 3(7.7) 10(16.4)

Family history
Absent 85 6.0 (0–51) 0.69 31(79.5) 54(88.4) 0.22c

Present 15 3.0 (0–22) 8(20.5) 7(12.6)

T-stage
T1–2 24 4.0 (0–51) 0.59 11(28.2) 13(21.3) 0.43c

T3–4 76 6.0 (0–50) 28(71.8) 48(78.7)

Stage
Early (I–II) 37 6.0 (0–44) 0.74 13(33.3) 24(39.3) 0.54c

Late (III–IV) 63 5.0 (0–51) 26(66.7) 37(60.7)

Grade
1–2 75 5.0 (0–51) 0.24 30(76.9) 45(73.8) 0.72c

3 25 7.0 (0–30) 9(23.1) 16(26.2)

Metastasis
M0 71 5.0 (0–51) 0.25 29(74.4) 42(68.9) 0.55c

M1 29 7.0 (0–50) 10(25.6) 19(31.1)

Laterality
Right 34 6.0(0–51) 0.53b 13(33.3) 21(34.4) 0.46c

Left 31 8.0(0–44) 12(30.8) 19(31.1)

Transverse 4 5.0(4–18) 0(0.0) 4(6.6)

Rectum 31 4.0(0–50) 14(35.9) 17(27.9)

Pathology
Adenocarcinoma 82 5.0(0–51) 0.28a 32(82.1) 50(82.0) 1.0c

Mucinous 18 8.5(0–50) 7(17.9) 11(18.0)

Notes: aMann–Whitney test, bKruskal–Wallis test, cFischer’s exact test. 
Abbreviation: CTCs, circulating tumor cells.
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cells/7mL blood (P<0.001), increased CTC level during 
the course of treatment (P<0.001), late disease stage III 
(P=0.002), distant metastasis (P<0.001), LN metastasis 
(P= 0.038), and the presence of DM in the assessed 
patients (P=0.012). As for OS, significant association 
was found between OS rate and MSI-high (P= 0.019), 

Post-treatment CTCs level ≥4 cells/7mL blood (P<0.01), 
increased CTC level during the course of treatment 
(P<0.001), late disease stage III (P=0.029), advanced 
tumor grade 3 (P=0.028), and distant metastasis (P=0.002).

In multivariate logistic regression, only serial CTCs 
level change was independent prognostic factors for OS 

Table 4 Association Between Serial CTCs Level Changes and the Clinicopathological Features of the CRC Patients

Characteristics n Serial CTCs Level Changes n(%) p value

Decrease (n=74) Increase (n=26)

Age (years)
<46 48 35(47.3) 13(50.0) 0.82a

≥46 52 39(52.7) 13(50.0)

Gender
Male 41 28(37.8) 13(50.0) 0.36a

Female 59 46(62.2) 13(50.0)

Diabetes Mellitus
Non-diabetic 88 65(87.8) 23(88.5) 1.0a

Diabetic 12 9(12.2) 3(11.5)

Hypertension
Non-hypertensive 87 64(86.5) 23(88.5) 1.0a

Hypertensive 13 10(13.5) 3(11.5)

Family History
Absent 85 65(87.8) 20(76.9) 0.21a

Present 15 9(12.2) 6(23.1)

T-stage
T1-2 24 14(18.9) 10(38.5) 0.06a

T3-4 76 60(81.1) 16(61.5)

Stage
Early (I–II) 37 31(41.9) 6(23.1) 0.10a

Late (III–IV) 63 43(58.1) 20(76.9)

Grade
1-2 75 56(75.7) 19(73.1) 0.79a

3 25 18(24.3) 7(26.9)

Metastasis
M0 71 60(81.1) 11(42.3) 0.001a

M1 29 14(18.9) 15(57.7)

Laterality
Right 34 27(36.5) 7(26.9) 0.54b

Left 31 20(27.0) 11(42.3)

Transverse 4 3(4.1) 1(3.8)

Rectum 31 24(32.4) 7(26.9)

Pathology
Adenocarcinoma 82 62(83.8) 20(76.9) 0.55a

Mucinous 18 12(16.2) 6(23.1)

Notes: aFischer exact test, bChi-Square test, values in bold are statistically significant <0.05. 
Abbreviation: CTCs, circulating tumor cells.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 1944

Alsayed et al                                                                                                                                                          Dovepress

http://www.dovepress.com
http://www.dovepress.com


(P<0.012). Whereas distant metastasis (P<0.001), LN 
metastasis (P= 0.047), presence of DM (P=0.05), post- 
treatment CTC levels (P=0.001), and serial CTCs level 
changes during the course of treatment (P<0.001) were 
independent prognostic factors for PFS (Table 5).

Correlation Between MSI and CTCs 
Count (Baseline and Post-Treatment)
There was a significant weak correlation between the pre-
sence of MSI and post-treatment CTCs count in CRC 
patients (rho=0.399, P<0.001). However, there was no 
significant correlation between MSI and the baseline 
CTCs count in CRC patients (rho=−0.11, P= 0.29, 
Figure 4).

Discussion
In the last two decades, the detection of circulating tumor 
cells (CTCs) in the peripheral blood of CRC patients 

provided an important information about the tumor beha-
vior and its metastases. Also, it helps physicians in guiding 
patients to the appropriate treatment.18 In the current 
study, we assessed the role of CTCs and its serial changes 
during the course of treatment as a diagnostic, prognostic 
and predictive biomarker for CRC patients. Our results 
demonstrated that increased PFS and OS rates were asso-
ciated significantly with the count of post-treatment CTCs 
(<4 cells/7mL blood) and also with the decreased CTC 
levels during the course of treatment, while there was no 
significant association with the baseline CTC levels, 
though our previous work on non-metastatic CRC cases 
demonstrated that patients with baseline CTCs count ≥4 
cells had statistically reduced 5 years PFS and OS rates 
than those with CTCs count <4 cells.16 One possible 
explanation for this could be the current study dealt with 
all CRC (metastatic and non-metastatic) patients who 
attended the NCI during the assigned period.

Figure 2 Association between PFS and (A) baseline CTCs count, (B) serial CTCs change, (C) post-treatment CTCs count. Association between OS and (D) baseline CTCs 
count, (E) serial CTCs change, (F) post-treatment CTCs count.
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The data reported in the current study are in concor-
dance with that reported by Huang et al,19 and Lu et al,20 

who demonstrated that the persistent presence of 

postoperative CTCs is a poor prognostic factor for patients 
with CRC after curative resection. In addition, Yang et al21 

performed a meta-analysis report on 12 studies included 

Figure 3 The impact of MSI levels in all CRC patients on (A) PFS and (B) OS rates. The impact of MSI levels in early-stage CRC patients on (C) PFS and (D) OS rates. The 
impact of MSI levels in late-stage CRC patients on (E) PFS and (F) OS rates.
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Table 5 Univariate and Multivariate Survival Analysis for the Assessed CRC Patients

Parameters Overall Survival Progression-Free Survival

HR 95% CI p HR 95% CI p

Univariate

Age (years)  
<46 vs ≥46 0.71 0.27–1.9 0.50 1.01 0.60–2.0 0.76

Gender  
Male vs Female 2.6 0.94–7.1 0.067 1.37 0.75–2.5 0.31

DM  
Diabetic vs Non-diabetic 1.04 0.24–4.6 0.96 2.7 1.2–5.8 0.012

Hypertension  
HTN vs non-HTN 1.65 0.47–5.8 0.44 1.5 0.7–3.3 0.30

FH  
Yes vs No 1.4 0.40–5.0 0.58 1.4 0.67–3.1 0.36

Stage  
Late vs Early 9.6 1.3–72.5 0.029 3.47 1.6–7.5 0.002

Grade  
3 vs 1–2 3.01 1.13–8.0 0.028 1.3 0.69–2.6 0.39

Metastasis  
M1 vs M0 5.0 1.8–13.7 0.002 7.2 3.8–13.5 <0.001

T stage  
T3-4 vs T1-2 1.29 0.37–4.5 0.69 0.58 0.30–1.2 0.11

LN  
Present vs Absent 3.3 0.95–11.6 0.06 2.0 1.03–3.8 0.038

MSI  
High vs Low and stable 2.9 1.19–7.2 0.019 1.6 1.04–2.05 0.033

Baseline CTCs Count  
≥4 vs <4/7 mL blood 0.46 0.17–1.2 0.12 1.3 0.7–2.5 0.39

Post-Treatment CTCs Level  
≥4 vs <4/7 mL blood 3.8 1.3–10.9 0.01 4.8 2.5–9.1 <0.001

Serial CTCs Change Levels  
Increase vs Decrease 8.1 2.8–23.2 <0.001 6.8 3.5–12.9 <0.001

Multivariate

DM  
Diabetic vs Non-diabetic 2.4 0.99–6.0 0.05

Hypertension  
HTN vs Non-HTN 1.1 0.47–2.8 0.89

Stage  
Late vs Early 5.7 0.67–49.6 0.11 3.3 0.99–10.8 0.051

Grade  
3 vs 1–2 2.3 0.79–6.4 0.13

(Continued)

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1947

Dovepress                                                                                                                                                         Alsayed et al

http://www.dovepress.com
http://www.dovepress.com


all patients who underwent colectomy for diseases staged 
I–III. They demonstrated that the presence of CTCs was 
strongly associated with both poor OS and DFS rates 
independently of the timing of specimen collection. 
Similarly, in another meta-analysis done by Rahbari et al,22 

on 36 studies, they reported that the detection of CTCs 
was significantly correlated with poor prognosis in CRC 
patients when they were collected in peripheral blood 
rather than in mesenteric portal blood or bone marrow.

In a recent study done by Kaifi et al,23 the authors 
concluded that the presence of high number of baseline 
CTCs in stage IV CRC patients was associated 

significantly with high tumor burden in the liver and 
high baseline serum CEA level, while there was no sig-
nificant association with gender distribution, presence of 
metastases, primary CRC differentiation, tumor location, 
histology, tumor invasion depth, nodal status, or venous 
invasion. In agreement with these findings, our results 
revealed that the baseline CTCs count did not associate 
significantly with any of the assessed clinic-pathological 
features of the patients including age, gender, family his-
tory, presence of diabetes mellitus, hypertension, tumor 
stage, grade, pathological type, tumor site, distant or LN 
metastasis. However, with the follow-up of the patients, 

Figure 4 Correlation between MSI and CTCs count (Baseline and post-treatment). (A) Non-significant negative correlation between MSI-high and increase in number of 
base line CTCs (rho=−0.11, p=0.29). (B) shows significant positive correlation between MSI-high and increase in number of post-treatment CTCs (rho=0.399, p<0.001). 
Abbreviation: rho, Spearman’s coefficient.

Table 5 (Continued). 

Parameters Overall Survival Progression-Free Survival

HR 95% CI p HR 95% CI p

Metastasis  
M1 vs M0 1.45 0.45–4.7 0.54 3.9 1.7–8.8 0.001

LN  
Present vs Absent 2.6 1.01–7.04 0.047

MSI  
High vs Low and MSS 1.87 0.71–4.9 0.21 0.84 0.51–1.4 0.50

Post-Treatment CTCs Level  
≥4 vs <4/7 mL blood 1.8 0.58–5.9 0.30 3.6 1.6–7.8 0.001

Serial CTCs Change Levels  
Increase vs Decrease 4.1 1.26–13.5 0.012 5.1 2.3–11.3 <0.001

Note: Values in bold are statistically significant <0.05. 
Abbreviations: CTCs, circulating tumor cells; MSI, microsatellite instability.
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we found that the increased CTCs count during the course 
of treatment was associated significantly with incidence of 
distant metastasis in these patients. On the contrary, Yang 
et al21 observed a significant association between the pre-
sence of CTCs and regional lymph nodes metastasis, depth 
of infiltration, vascular invasion, tumor grade and stage. 
Moreover, multivariate logistic regression analysis for our 
data showed that only serial CTCs level changes were 
independent prognostic factors for OS, while post- 
treatment CTC levels, serial CTCs level changes during 
the course of treatment, presence of DM, LN and distant 
metastasis were independent prognostic factors for PFS, 
however the presence of DM was of borderline signifi-
cance. Therefore, our results indicated that the assessment 
of CTCs during and at the end of treatment is more 
accurate and sensitive marker for prediction of patients’ 
prognosis and outcomes rather than the baseline CTCs 
count. These data are in agreement with that reported by 
Huang et al24 who conducted a meta-analysis on 11 studies 
containing 1847 CRC patients from China. Similarly, they 
concluded that early detected CTCs did not associate with 
the survival outcomes, because a portion of the early- 
detected CTCs can be cleared by the effects of chemother-
apy, and so they will not affect the prognosis of the 
patients. Serial samples obtained during follow-up of the 
patients might contain additional CTCs that have been 
released from the primary tumor after changes in the 
tumor proliferative activity.25,26

An important molecular marker that has a good prog-
nostic and predictive value for CRC is the MSI. Our data 
revealed a high frequency of MSI-high in 44.0% of the 
patients, followed by MSI-low in 37% of the patients and 
MSS in only 19.0% of the assessed CRC patients. The 
incidence of MSI-high was associated significantly with 
the early (I–II) disease stage, while MSI-low was asso-
ciated significantly with the late (IV) disease stage. 
Moreover, patients with MSI-high tumors had 
a significantly lower incidence of LN and distant metas-
tasis compared to those with MSI-low/MSS tumors which 
were associated significantly with positive LN and distant 
metastasis. These results are in agreement with a recent 
published data27–30 reported that MSI-high occurs more 
frequently in early pathological stage than late-disease 
stage, and consequently reduced chance of distant and 
nodal metastasis. According to our data, there was no 
significant association between the incidence of MSI and 
other clinic-pathological features of the patients including 
age, gender, family history, hypertension, tumor pathology, 

grade, or site. However, several studies showed that MSI 
was associated with more proximal location, mucinous 
phenotype and high histological grade.30–32 Moreover, 
Nakayama et al33 reported that the incidence of DM 
(type II) was significantly less frequent in MSI-H com-
pared with MSS and MSI-low in Japanese CRC patients. 
On the other side, our results showed a significant associa-
tion between the presence of DM and reduced PFS, but we 
did not find a significant association with MSI. This dis-
crepancy in data could be attributed, at least in part, to the 
variation in the genetic backgrounds, dietary habits, and 
different life style between the two populations.

We also found that patients with MSI-high had signifi-
cantly higher PFS and OS rates compared to those with 
MSI-low and MSS. In addition, these data were also 
applied to patients in late disease stage. These results are 
in agreement with previous studies which demonstrated 
a better prognosis and lower recurrence risk in MSI-H 
CRC patients with pathologic stage II tumors compared 
to MSS/MSI-L CRC patients.34–36 Moreover, Battaglin 
et al37 reported a significant association between MSI- 
high and better prognosis in early-stage CRC patients 
and a lack of benefit from adjuvant treatment with 5-fluor-
ouracil in stage II disease. On the contrary, a recent study 
done by Kim et al38 demonstrated that in stage II, MSI-H 
was associated with poor prognosis and reduced 3-year 
survival rates compared to those with MSS and MSI-L 
CRCs. In addition, the multivariate analysis of their results 
provided additional evidence that MSI-H status could be 
considered a poor independent prognostic marker for CRC 
patients. On the contrary, Mohan et al30 and Gelsomino 
et al27 reported that MSI was associated with an improved 
PFS in Stage I/II CRC. However, when MSI tumours 
progress to Stage III these patients had worse outcomes 
and poor pathological features due to possible resistance to 
5-FU in these patients.

The current data showed that MSI was not an indepen-
dent predictor for OS or PFS rates. These data are in 
agreement with Chong et al,39 who reported that MSI 
was not an independent prognostic factor for OS in 
patients with metastatic CRC from South Australia.

Furthermore, another result in the current study was the 
significant weak correlation detected between the presence 
of MSI-high in CRC patients and the post-treatment CTCs 
count in those patients, which indicate that both markers 
have important roles in the pathogenesis and prognosis of 
colorectal carcinoma.
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Based on our previously mentioned discussion, we 
conclude that MSI and CTCs, either separately or com-
bined, could be used as accurate, reliable and sensitive 
diagnostic and prognostic biomarkers for CRC patients’ 
survival rates and outcomes. Especially that nowadays, 
the treatment of CRC patients depends to a large extent 
on the MSI status, but if we have to choose one of them, 
MSI is more accurate, informative and related to treat-
ment giving. Meanwhile, CTCs are rather important for 
prognosis and prediction of patients’ survival, but it is 
not yet included in the guidelines, and still need confir-
mation in larger studies. Therefore, further studies, on 
a larger population are still needed to 1) assess the 
possible use of CTCs as a guidance for future therapy 
for these patients, and 2) to compare between those two 
biological markers in Egypt and other countries regard-
ing the frequency, patterns and impact on patients’ 
outcome.
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