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Abstract

Context: According to the World Health Organization, colorectal cancer (CRC) is the third most prevalent cancer globally, with the
highest mortality rate after lung cancer. Some studies predicted risk factors provoking CRC recurrence. However, no single study
discussed CRC recurrence.

Objectives: This study aimed to quantitatively estimate the influence of several risk factors toward early recurrence of CRC.
Methods: We utilized four medical databases, including Pubmed, Cochrane, Wiley library, and ScienceDirect, and a range of liter-
ature searches between July to October 2020 with output study, odds ratio (OR), and some risk factors. We used PRISMA protocol
along with several relevant keywords with NOS method was utilized to assess the quality of the study. Fixed- and randomized effect
model were utilized to control each numerical analysis’ bias.

Results: We found six studies that compared the risk factor of CRC recurrence after curative resection with curative-intention en-
compassing a total of 15.457 patients. We found seven risk factors of colorectal cancer recurrence, including vascular invasion (OR
2.3; IK95%: 01.56 - 3.4; P < 0.0001), depth of invasion (T stage) (OR 2.27; IK95%: 1.14 - 4.51; P = 0.02), pre-operative CEA serum (OR 2.24
IK95%: 1.57 - 3.2; P < 0.0001), post-operative CEA serum (OR 5.97 IK95%: 3.04 - 11.74; P < 0,0001), pre-operative CA19-9 serum (OR 3.03;
IK95%:1.74 - 5.25; P < 0.0001), and regional nodal metastasis (N stage) (OR 2.56; IK95% 1.41- 4.62; P=0.002).

Conclusions: Risk factors of earlier CRC recurrence were diversely reviewed. The elevation of post-operative CEA serum was as-

sumed as the main factor in this study; however, most of the studied parameters were statistically significant.
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. Context

Colorectal carcinoma or cancer (CRC) is a major health
problem with an increasing rate per year and the third
leading cause of cancer-related death worldwide (1) Re-
garding the highest incidence rate in South East Asia, In-
donesia is ranked fourth (17.2 cases in 100.000 citizens)
and placed second with 9.5% mortality rate from the en-
tirety mortality rate by cancers (2, 3). In Indonesia, there
were 34,189 new cases of CRC in 2020 (1). According to
the CRC treatment guidelines, resection surgery, neoad-
juvant or adjuvant chemotherapy, and radiotherapy are
the most recent approaches recommended to manage
CRC. The management of CRC is determined by the can-
cer stage and patient-based considerations; however, re-
section surgery is practically indicated in almost all stages

(4, 5). Adding adjuvant chemotherapy and/or radiother-
apy to the definitive treatment is considered mandatory
at some points mainly to complete the priorly-established
management or prevent recurrences. However, the recur-
rence rate among post-treated CRC patients is still rela-
tively high, ranging from 12.1 - 20.1% during 3 - 5 years of
follow-up (6, 7).

The recurrence frequency and sites vary in CRC, with
more than half of the recurrence cases occurring in the
first two years of follow-up. In this regard, many factors af-
fect the recurrence risk (8). According to the Japanese So-
ciety for Cancer of Colon and Rectal, tumor and neoplasm
stage as well as the invasion of perineural and vascular tis-
sue with or without elevated serum CEA and CA19-9 gener-
ally play a pivotal role in the CRC recurrence risk. Such an
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effect can be either within the colorectal sites (local recur-
rence) or distant recurrence, mainly involving visceral or-
gan (eg, the liver), in term of the incidence rate (9-12). The
number of concurrence factors in each patient also deter-
mines the risk of early or late-onset recurrence as patients
with two factors significantly are at a higher risk for earlier
occurrence (13). We distinguished ’early-’ or ’late-’ recur-
rence to establish several risk factors for the early- and late-
onsetof the CRC recurrence among patients with prior sur-
gical resection. Accordingly, clinical benefits of this inter-
vention, including early prevention or higher awareness
in the risky group, can be adopted in the treatment proce-
dures.

2. Methods

2.1. Study Protocol

The reporting items preferred in the systematic review
and meta-analyses (PRISMA) protocol was assumed as the
main study protocol. Following the study protocol advoca-
tion, this study was approved by the Ethics Committee of
the Universitas Sumatera Utara.

2.2. Eligibility Criteria

In this review study, according to the PICO format, the
eligibility criteria were as follows: Participants or popula-
tions (recurrence CRC of stage I-IV patients with a history of
surgical resection and post-operatively confirmed as R, in
the histopathological diagnosis), Intervention or exposure
(reported recurrence factor of each patient), Comparison-
risk factors of CRC recurrence, and output-early and -late
recurrence rates affected by measured risk factors. We in-
vestigated cohort, case-control, and cross-sectional studies
in English, which were published in a peer-reviewed jour-
nal.

2.3. Systematic Screening

Several scientific databases, including Pubmed,
Cochrane, Science Direct, and Wiley Library, were uti-
lized in the literature searching phase in June 2020. We
determined the search terms by establishing some repre-
sentative keywords using Boolean logic, ie, ((colorectal OR
colon OR rectal) AND (cancer OR neoplasm) AND (recur-
rence OR relapse) AND (resection OR operation OR surgery
OR surgical) AND (tumor stage OR neoplasm stage OR
CEA serum OR CA 19-9 serum OR perineural invasion OR
vascular invasion)). In Cochrane and PubMed, we used
advanced search features within the same search terms
and excluded animal-based studies. The search of the
paper titles and abstracts was used to screen all studies
from the database

2.4. Quality Control and Risk of Bias Assessment

All eligible studies were quality-checked by the authors
(A. M. M. and M. N. A. H.) using Newcastle-Ottawa Scale
(NOS). The NOS modified was used to assess the quality
of the cohort study in this meta-analysis. The modified
Newcastle-Ottawa Scale assesses three different domains of
quality studies: Selection (4 items), comparability (1 item),
and outcome (3 items). A star was given for each fulfilled
domain criterion, except for the comparability domain.
The total number of the stars can determine the total score
of quality with a maximum of nine stars. Any discrepancy
in each result was internally discussed with other authors
to achieve the optimal interpretation of the included stud-
ies.

The quantitative syntheses of the selected studies was
analyzed with Review Manager (RevMan) 5.2 software, and
the mean difference was obtained to measure the over-
all effects. Chi-square was also used to determine the ho-
mogeneity of the findings, which might have affected the
meta-analysis model (fixed effect forP> 0.05and arandom
effect for P < 0.05).

2.5. Data Extraction

We extracted several descriptive specifications for each
included study, including author’s last name, year of pub-
lication, country, and study design. Further details on pa-
tients’ characteristics, including gender or age distribu-
tion, frequent resection surgery status, AJCC clinical stage
distribution within risk estimates of 95% confidence inter-
val (CI), were also determined. To analyze the outcomes, we
extracted the early and late recurrence rate among several
risk factors such as tumor stage, neoplasm stage, perineu-
ral invasion, vascular invasion, serum CEA elevation, and
CA19-9.

3. Results

About 1926 studies were found to be relevant to the
concerned topic, of which six studies were included in this
systematic review and meta-analysis after thoroughly con-
sideration by applying the eligibility criteria and concor-
dant with the established PICO (Figure 1). Those studies
were remarkably different in terms of sample size, ranging
from 72 to 14,325 individuals, with the male population be-
ing dominant. There were also differences in these studies
in terms of the age group; however, most of the patients
were below 65 years old. Table 1 presents the details of
the selected studies. And as mentioned earlier, the second
year after surgery has been used as a’cut-off’ pointin deter-
mining the early and later recurrence of CRC. Henceforth,
confirmed recurrence with less than two post-operative
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Figure 1. Search strategies as depicted by PRISMA flow-chart of this review.

years was considered an early recurrence; otherwise, it was
the late recurrence. The NOS quality assessment also con-
firmed the acceptable conditions of all studies to be re-
viewed (Table 1) (8, 14-18).

3.1. Recurrence Risk Factors Analysis

Table 2 presents the quantitative results for the recur-
rence risk factors concerned in the selected studies.

3.2. Vascular Invasion

The data collected from six studies were heteroge-
neous and analyzed with Random Effect Model (REM) (Fig-
ure 2A). The analyses of these studies revealed thatvascular
invasion in patients with CRC significantly increased the
recurrencerisk (P< 0.00001). Patients with confirmed vas-
cular invasion in CRC were 2.3 times more likely to develop
earlyrecurrence after resection surgery (OR2.3(95% CI:1.56
-3.4))(8,14-18).
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3.3. Depth of Invasion (T)

According to 4 included studies of this parameter, the
analysis shows that the higher depth of invasion (T) in pa-
tients with CRC significantly increased the risk for recur-
rence (P = 0.002) (Figure 2B). Patients with T4 in CRC are
2.27 times riskier of developing early recurrence after re-
section surgery (OR 2.27(95% Cl:1.14 - 4.62) in REM analysis)
(8,14,15,17).

3.4. Regional Node Metastasis (N)

In two studies, all collected data were homogenous
and analyzed with Fix Effect Model (FEM). The analyses re-
vealed that higher regional node metastasis (N) in a pa-
tient with CRC significantly increased the recurrence risk
(P < 0.00001). Patients with N2.N1 in the CRC histopatho-
logical assessment were 2.56 times more likely to develop
early recurrence after resection surgery (OR 2.56 (95% CI:
1.41- 4.62)) (8,17) (Figure 3).
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Table 1. Specifications of Included Studies and the Results of Critical Appraisal *

. Frequent AJCCClinical Stage
Name Country Patients Sex Age (y) (Resection) NOS
I II 1 v
Bozkurt et al. < 65(74.8)
(1‘; urteta Turkey 103 Men (61.1) Once - \% \% - 7
> 65(25.2)
< 60(80.5)
I(hen and Pakistan 72 Men (62.5) Once \ \ \ - 7
Fatima (17)
> 60 (19.5)
<75(823)
Neki et al. (16) Japan 310 Men (63.2) Once \ - 7
> 75(17.7)
Osterman < 75(53)
and Glimelius Sweden 14.325 Men (51) Once - - \ - 7
(15) > 75(47)
< 65(57.6)
Ryuketal. (8) Korea 222 Men (57.2) Once v \ \% - 8
> 65(42.4)
< 65(44.9)
Tsai et al. (14) Taiwan 425 Men (58.1) Once \ \ - - 7
> 65(55.1)
? Values are expressed as No. (%).
Table 2. Quantitative Study Meta-analysis
Risk Factors NS Model OR 1K95% PHET PEg P-Value
Perineural invasion 5 REM 143 1.03-7.69 < 0.0001 0.670 03
Vascular invasion 6 REM 23 1.56-3.4 0.01 0379 < 0.0001*
Harvested lymph node 4 REM 036 0.12-1.05 < 0.001 1.024 0.06
Pathological stage 3 REM 2.81 1.03-7.69 0.005 0.781 0.04*
Depth invasion (T stage) 4 REM 227 114-4.62 0.006 0.591 0.02*
Pre-operative CEA serum 3 FEM 2.24 1.57-3.2 0.01 < 0.0001*
Post-operative CEA serum 2 FEM 5.97 3.04-11.74 0.7 0.00001*
Pre-operative CA19-9 serum 2 FEM 3.03 1.74-5.25 0.57 < 0.0001*
Regional node metastasis (N) 2 FEM 2.56 1.41-4.62 035 0.002*
Tumour location: Colon 3 REM 0.79 0.44-1.40 0.1 0.387 0.78
Tumour location: Rectal 3 REM 127 0.71-2.27 0.1 0.387 0.78

3.5. Pre-operative CEA Serum

The analyses of three reported studies indicated that

elevated pre-operative CEA serum (> 5 ng/mL) in patients
with CRC significantly increased the recurrence risk (P <
0.00001). Patients with elevated pre-operative CEA serum
in CRC were 2.24 times more likely to be diagnosed with
earlier recurrence after resection surgery (OR 2.24 (95% CL:
1.57-3.2))(8,14,16) (Figure 4).

3.6. Post-operative CEA Serum

The analyses of two studies revealed that elevated post-
operative CEA serum (> 5 ng/mL) in post-treated CRC
patients significantly increased the recurrence risk (P <
0.00001). Patients with elevated post-operative CEA serum

in CRCwere 5.97 times more likely to of develop early recur-
rence after resection surgery (OR5.97(95% Cl:3.04-11.74) in
the FEM analysis (8, 14).

3.7. Post-operative CA19-9 Serum

The analyses of two studies indicated that the pre-
operative elevation of CA19-9 serum post-operatively had a
particular effect on increasing the risk of CRCrecurrence (P
< 0.00001). In this regard, the risk was 3.03 greater in de-
veloping early recurrence after resection surgery (OR 3.03
(95% Cl:1.74 - 5.25) in the FEM analysis.
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Figure 2. Forest plot of (A) vascular invasion; and (B) depth of invasion (T stage).
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Figure 3. Forest plot of (A) regional node metastases (N stage), and (B) pre-operative carcinoembryonic antigen (CEA) serum.
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. Early Late Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Ryuk etal 2014 18 158 1 64 193% 8.10[1.06,6201) b
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MNeki et al 2019 17 65 20 166 54.5% 2.591.25,5.33) ——
Ryuk et al 2014 48 158 7 64 455% 3.55(1.51, 8.36) ——
Total (95% CI) 223 230 100.0% 3.03 [1.74,5.25] ’
Total events 65 27
Heterogeneity: Chi*= 032, df=1 (P=057),F=0% ) t t i
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Figure 4. Forest plot of (A) post-operative carcinoembryonic antigen (CEA) serum; and (B) pre-operative CA19-9 serum

4. Discussion

CRC as one of the most non-communicable diseases
worldwide should be a priority to determine how to con-
trol the incidence or even the emerging recurrence rate of
this disease worldwide (1). Resection surgery is the only
curative measure of non-metastatic diseases, especially in
patients with early-stage CRC. A report by Rodrigues et al.,
in 2017 mentioned that resection surgery had incidentally
detected an occult recurrence of CRC with an incidence of
20.1% five-years post-procedure (7). However, so many fac-
tors may influence recurrence risk in patients with prior
resection surgery.

According to our forest plots in the result section,
some statistically remarkable factors have effects on the
recurrence risk. Patients with elevated post-operative CEA
serum had OR 5.97 (CI 95%: 3.04 - 11.75); hence, this factor
was considered the most compelling risk factor. Moreover,
patients with elevated CA19-9 serum were 3.03 times more
likely to develop early recurrence than patients with nor-
mal value pre-operative CA 19-9. Accordingly, laboratory
values such as CA 19-9 and CEA serum play critical roles
as the prognostic factors of recurrence and may act as a
biomarker to detect or predict recurrence incidence in pa-
tients with surgically-treated CRC (19).

Vascular invasion is a remarkable risk factor of recur-
rence (OR 2.3 (CI 95%; 156 - 3.4)). This finding is in line
with previous findings indicating vascular invasion as an
important factor in determining high-degree risk factors

and a favorable treatment strategy if assessed with tumor
markers (TM-LVI status) (20, 21). T stage and N stage are
also considered risk factors with OR 2.27 (CI 95%; 1.14 - 4.51)
and OR 2.56 (CI 95%; 1.41 - 4.62), respectively. Furthermore,
we analyzed some other factors, including perineural in-
vasion, harvested lymph node, and tumor primer site, in
this study; however, the outcomes of the analyses were not
included in this study as they failed to significantly affect
early recurrence rates among post-treated CRC patients.

Some studies have demonstrated perineural invasion
(PNI) as strong prognostic factor in patients with CRC (22-
25). In their study, Knijn et al. also reported PNI as a
strong prognostic factor in CRC (RR; 3.2 (CI 95%; 2.33 - 4.44))
since it can affect the incidence of local recurrence, five-
years disease-free survival, five-years cancer-specific sur-
vival, and five-years overall survival rates (10). Different
sites of primary CRC can be a recurrence risk factor (26,
27). According to Wang et al,, the left colon has a relatively
poor prognosis for the five-year disease survival, and it can
be a risk factor for postoperative recurrence in CRC stage
I (28). Meanwhile, the combination of the site and stages
of the primary tumor in other studies can determine the
recurrence pattern (29). Other factors such as > 12 har-
vested lymph nodes have also offered acceptable results re-
garding the five-year survival rates For example, the afore-
mentioned parameter was better prognostic than < 12 har-
vested lymph nodes (27).

Rep Radiother Oncol. 2021; 8(1):e126342.
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4.1. Conclusions

In conclusion, several risk factors, including vascular
invasion, higher T stage, higher N stage, elevated pre- and
post-operative CEA serum, and elevated pre-operative CA
19-9 serum, may affect earlier recurrence among patients
with a history of surgically treated CRC. Among the afore-
mentioned factors, elevated post-operative CEA serum was
considered as the most prominent factor in this review
study. Several other factors, including perineural invasion,
lymph node harvest status, or primary site of the CRC, are
recommended to be further analyzed in a cohort study to
further support the present findings and determine the
role of each parameter in the recurrence rate of CRC.
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