
PLOS One | https://doi.org/10.1371/journal.pone.0338741  December 29, 2025 1 / 11

 

 OPEN ACCESS

Citation: Alyabsi MS, Alqarni AH, Almutairi 
AF, Alhalafi MS, Algarni MA, Alshammari KM, 
et al. (2025) Comparative effectiveness of 
open versus laparoscopic resection in patients 
with locally advanced colon cancer: Inverse 
probability of treatment weighting approach. 
PLoS One 20(12): e0338741. https://doi.
org/10.1371/journal.pone.0338741

Editor: Athanasios G. Pantelis, Athens Medical 
Group, Psychiko Clinic, GREECE

Received: February 10, 2025

Accepted: November 26, 2025

Published: December 29, 2025

Copyright: © 2025 Alyabsi et al. This is an open 
access article distributed under the terms of 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original author and source are credited.

Data availability statement: The dataset 
for this study is provided as Supporting 
Information files.

Funding: The author(s) received no specific 
funding for this work.

RESEARCH ARTICLE

Comparative effectiveness of open versus 
laparoscopic resection in patients with locally 
advanced colon cancer: Inverse probability of 
treatment weighting approach

Mesnad S. Alyabsi1,2, Anwar H. Alqarni 1,3*, Adel F. Almutairi2,3, Mohammed S. Alhalafi4, 
Mohammed A. Algarni2,3,5, Kanan M. Alshammari2,3,5, Nahar A. Alselaim2,3,4

1  Population Health Research Section, King Abdullah International Medical Research Center, Riyadh, 
Saudi Arabia, 2  King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia, 3  King 
Abdullah International Medical Research Center, Riyadh, Saudi Arabia, 4  Surgery Department, Ministry of 
National Guard - Health Affairs, Riyadh, Saudi Arabia, 5  Oncology Department, Ministry of National Guard 
- Health Affairs, Riyadh, Saudi Arabia 

* Anwarralqarni@gmail.com

Abstract 

Background

In Saudi Arabia, colorectal cancer is one of the most common cancers. Most of 

colorectal cancer cases were diagnosed at an advanced stage, making the treat-

ment process more challenging. In this paper, we aim to investigate the differences 

between open and laparoscopic colectomies and factors influencing the use of these 

approaches in locally advanced colon cancer patients.

Methods

The study population included patients with locally advanced colon cancer at the 

National Guard-Health Affairs, Saudi Arabia. Descriptive and clinical data were 

collected for the patients diagnosed with locally advanced colon cancer from 2016 to 

2021. The variables related to the locally advanced colon cancer patients’ character-

istics were compared with a chi-square test, Fisher’s exact tests, student’s t-tests, or 

Wilcoxon tests when appropriate. The overall survival and recurrence-free survival 

were computed using the Cox regression model.

Results

Of the 222 patients who underwent tumor resection, 75 (33.8%) underwent a lap-

aroscopic colectomy. Unlike open colectomy patients, the group with laparoscopic 

colectomy were younger, had a higher body mass index, and had tumors in the left 

colon, with ≥12 harvested lymph nodes. The weighted data indicated no difference in 

the 5-year overall-survival, and the recurrence-free survival between the approaches 
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[5-year overall survival, hazard ratio: 0.42, 95%CI (0.16, 1.12); recurrence-free sur-

vival, hazard ratio: 0.74, 95%CI (0.31, 1.78)].

Conclusions

No significant differences were observed between laparoscopic and open surgical 

approach for patients with locally advanced colon cancer.

Introduction

Colorectal cancer (CRC) is a common malignancy with more than 1.9 million incident 
cases and 904,000 deaths reported globally in 2022 [1]. Prediction studies estimate 
that the number of cases will increase to 3.2 million by the year 2040 [2]. In 2024, 
approximately 152,729 cases of CRC cancer are expected to be diagnosed in the 
United States, resulting in an estimated 53,010 deaths. [3] Notably, over 50% of CRC 
cases are diagnosed at a local or regional stage [4,5]. Locally advanced colon cancer 
(LACC) is a subtype that includes stage IIb/c and stage III tumors. Stage IIb/c can-
cers have grown into the colon’s outermost layer, and stage III tumors have spread 
to nearby lymph nodes [6,7]. LACC is a serious condition with a survival rate varying 
between 25% and 60% depending on several factors such as the depth of invasion 
(T stage) and the number of involved lymph nodes (N stage) [8]. Such disparate 
survival rates underscore the importance of timely and effective treatment, which may 
include the tumor resection approach (laparoscopic or open), chemotherapy, or a 
combination of these treatments.

Though the National Comprehensive Cancer Network (NCCN) recommends a 
surgical resection for LACC, the optimal surgical approach is contentious [9]. Lap-
aroscopic colectomy (LC), emerging as a minimally invasive substitute for open 
colectomy (OC), has gained traction in recent decades. Previous studies indicate 
the advantages of LC in decreasing short-term complications such as shorter hos-
pitalization, less postoperative pain, and lower risk of complications during surgery 
[10,11]. According to the American Society of Colon and Rectal Surgeons (ASCRS), 
laparoscopic excision of locally advanced tumors offers a safe and effective treatment 
with comparable long-term outcomes to OC [12]. However, the NCCN guidelines 
do not recommend laparoscopic resection for T4 tumors [9]. Unlike OC, LC poses 
challenges in achieving microscopic negative margins (R0) and performing multivis-
ceral resection, especially in advanced tumors [13]. Though some studies reported 
technical complexities and worse perioperative outcomes for the LC approach, others 
advocate for its superiority, even in obese patients. [14–16].

CRC is a commonly diagnosed cancer in Saudi Arabia, particularly in males, in 
whom it is the most diagnosed cancer. For females, it ranks third after breast and thy-
roid cancers [17]. More than two-thirds of CRC patients are diagnosed with advanced 
disease. The age-adjusted incidence rates per 105 people were 13.9 for males and 
11.3 for females in the latest report from 2018 [18]. In recent years, the incidence 
rates of early- and late-onset CRC have shown an upward trends, with constant 
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increase in the average annual percentage change among early-onset patients [19]. The Clinical Outcomes of Surgical 
Therapy (COST) Study Group trial, a pivotal randomized controlled trial, excluded patients with T4 tumors and transverse 
colon cancers. As a result, the evidence base from this trial may not be generalizable to patients with locally advanced 
colon cancer (LACC), underscoring the need for focused research in this subgroup [11]. The present study characterizes 
patients with LACC who underwent OC versus LC and identifies factors associated with the use of each approach using 
the inverse probability of treatment weighting (IPTW). In addition, compare the survival outcomes between these two 
approaches.

Patients and methods

Data sources

We conducted a retrospective cohort study using the electronic medical record system of the National Guard-Health 
Affairs (NGHA) linked with the cancer registry. The dataset included all individuals with colon cancer who received treat-
ment at the NGHA in Riyadh. The need for informed consent has been waived as all patients at the hospital provide 
consent at the outset of their visits, authorizing the use of their data for research purposes while ensuring the privacy and 
anonymity of all individuals involved. Approval for the study was obtained from the King Abdullah International Medical 
Research Center Institutional Review Board, with project number NRC21R/458/11. All extracted data were de-identified, 
and all methods were performed in accordance with the Declaration of Helsinki. The first access to the patients’ data was 
on May 20, 2023. The datasets generated or analyzed during the present study are not publicly available due to patients’ 
privacy but are available from the corresponding author on reasonable request.

Study population

The study included individuals with non-metastatic disease (M0) with tumor invasion beyond the muscular layer of the 
colon. This included patients without lymph node involvement (N0) who had tumors extending into the surrounding fat 
(T3), penetrating the outer lining of the colon (T4a), or invading nearby organs (T4b), corresponding to AJCC stages IIA 
to IIC. Additionally, patients with regional lymph node involvement (N1–N2), classified as Stage III, were also considered 
locally advanced patients. We restricted our population to patients aged 18 years or older, with a minimum of 6 months 
enrollment in the NGHA before cancer diagnosis. An additional criterion was tumor resection surgery without prior chemo-
therapy sessions during the study period from 2016–2021.

Study variables

Patient and tumor characteristics.  The demographic and clinical characteristics extracted from the hospital records 
encompassed age at diagnosis, gender, body mass index (BMI), Charlson Comorbidity Index (CCI), smoking status 
and detailed tumor information including stage, location, number of harvested lymph nodes, and chemotherapy status. 
The tumor stage was identified at the time of diagnosis using the TNM staging system, (T) was categorized as T1 or 
T2, T3, and T4, based on the extent of malignant cell invasion to the nearby tissues. The value of N indicated lymph 
node involvement. N0 denote lack of involvement, N1 1–3 lymph nodes involved, and N2 4 or more metastatic regional 
lymph nodes. There were no missing values except for the TNM staging. As < 3% of the TNM stages were missing, we 
reported them in a separate category as missing variables. Tumor location was classified using the ICD for Oncology-third 
edition topography as follows: right colon (i.e., cecum, ascending colon, hepatic flexure of colon and transverse colon), 
left colon (i.e., splenic flexure of colon, descending colon, and sigmoid). The length of hospital stay, operation time, time 
between surgery and chemotherapy administration, tumor recurrence site, and survival outcomes were also calculated. 
Complications were categorized as follows: surgical site infections (SSI), gastrointestinal complications included 
anastomotic leaks, bowel obstruction, and abdominal wall collections, genitourinary complications included urinary tract 
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infections, pyelonephritis, and acute kidney injury related to urinary events, circulatory complications included deep 
vein thrombosis, mesenteric vein thrombosis, pulmonary embolism, and myocardial infarction, pulmonary complications 
pulmonary complications included pneumonia, respiratory failure, and pleural effusions, and neurology.

Variable selection.  A propensity score based model was built to analyze the impact of the surgical approaches 
on patient mortality by improving the comparability of the two groups, ensuring that the standardized mean difference 
between them is less than 10%. Similar to previous research [20], the a priori model comprised of variables believed to 
confound the approach-survival association, and was chosen based on prior research. The priori selected variables were 
gender, age, BMI, CCI, smoking, adjuvant chemotherapy, tumor location, and the number of harvested lymph nodes (<12 
vs. ≥ 12).

Outcome variables

The outcomes of this study were the differences in the 5-year overall survival and recurrence-free survival between the 
patients who underwent OC vs. LC.

Statistical analysis

The descriptive data are presented as frequency and for the categorical variables, and the mean or median were used for 
the numerical variables. Baseline covariate balance was assessed using the standardized mean difference (SMD) with 
no hypothesis testing was performed. Comparative analyses were performed using Chi-square tests, Fisher’s exact tests, 
two-tailed student’s t-tests, or Wilcoxon tests as applicable. In addition, the Cox proportional hazards models were built 
to estimate the 5-year overall survival and recurrence-free survival. Outliers were assessed using a sensitivity analysis to 
assess their effects on the outcomes. Overall, a P-value<0.05 was considered statistically significant, and due to the mul-
tiple comparisons, we have followed the Benjamini-Hochberg procedure to correct for complications’ and recurrent sites’ 
p-values. Statistical analysis was performed using SAS statistical software version 9.4 (SAS Institute Inc. Cary, NC).

Propensity score.  The IPTW method was used to examine the differences in the effectiveness of OC and LC. IPTW 
creates a pseudo-population with balanced measured covariates, thus adjusting for both confounding and selection bias 
[21]. Two types of weights were estimated, treatment weights (LC vs OC) and censoring weights. The treatment weights 
were estimated through the propensity score using logistic regression models, with the resulting weights stabilized (by 
multiplying weights by the marginal probability of surgical approach in the group who underwent LC and one minus 
marginal probability in patients who underwent OC) and truncated (at the 1–99% percentiles).

Censoring weights were computed using a pooled logistic regression model for each patient visit during the three years. 
To estimate the numerator of the censoring weights, the drop-out from the study was the outcome and surgery approach 
and time as covariates of the pooled logistic regression. For the denominator, we used the dropout as an outcome and the 
covariates used in treatment initiation above plus the surgical approach and time as covariates. The weights estimated 
from the dropout model were multiplied by those estimated from the treatment model to compute the final weights.

The final weights were used in the Cox regression model with the surgical approach as the covariate and death as an 
outcome, weighted by the final estimated weights (both age and BMI were entered into the original model as restricted 
quadratic splines with 4 knots.). We followed the patients from the date of surgery until death or censoring. Given the 
IPTW methodology used in this study, 95% CIs were estimated using a robust standard error.

Results

Of the 676 patients eligible for this study, we restricted our study population to the group with LACC who underwent 
surgical resection and were members of the NGHA for at least 6-months before the cancer diagnosis (Fig 1). The median 
follow-up time was 30.85 (26.07) months. During the study period, 222 LACC patients underwent tumor resection surgery, 
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of which 147 (66.2%) underwent the OC approach (Table 1). In contrast to the patients who underwent OC, the group 
with LC were younger (60.97 vs. 62.32 years), had a numerically higher BMI, were diagnosed at stage III, presented with 
tumors located in the left colon, and had a higher proportion of patients with ≥12 harvested lymph nodes. Conversely, the 
OC patients had more comorbidities, were mostly non-smokers, and had received chemotherapy. After the propensity 
score adjustment, the mean age, BMI value, and smoking status of patients was similar in both treatment groups (age: 
61.72 vs. 60.79, BMI: 28.53 vs. 28.33, smoking: 90.0% vs. 90.2%). The balance plot demonstrated that all covariates 
achieved adequate balance after propensity score adjustment, with standardized mean differences reduced to below the 
10% (Fig 2).

As shown in Table 2, both unweighted and weighted data showed no differences in 5-year overall survival, and the 
recurrence-free survival between the two surgical approaches [5-year OS, HR: 0.42, 95%CI (0.16, 1.12); RFS, HR: 0.74, 
95%CI (0.31, 1.78)].

Fig 1.  Eligibility criteria of the study population.

https://doi.org/10.1371/journal.pone.0338741.g001

https://doi.org/10.1371/journal.pone.0338741.g001
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Table 3 illustrates the short-term and long-term outcomes of the surgery. The OC approach resulted in a higher per-
centage of anastomotic leak (5.4%), increased hemorrhage necessitating blood transfusion (23.1%), and longer hospital 
stay postoperatively (18.40 vs. 9.71 days, P-value= < 0.001). However, the OC operations had a shorter operation time 
than the LC (212.22 vs. 248.72 min, P-value= < 0.001). A slightly higher percentage of LC patients received chemotherapy 
within the first 30 days following their surgery (22.7% vs. 19.7%), though the difference was not significant.

Lastly, as depicted in Table 4, surgical site infection appeared as the most prevalent postoperative complication in both 
groups (23.8% in OC vs. 9.3% in LC). The liver was considered the most recurrent site in the OC group (6.8%), while the 
peritoneum had the highest percentage of recurrent tumor sites in the LC group (4.0%) as well as other different locations. 

Table 1.  Baseline characteristics of unweighted and weighted data.

Unweighted IPTW

Open (n = 147) Lap (n = 75) SMD Open (n = 146.8) Lap (n = 74.2) SMD

Age 0.09 0.07

  Mean (SD) 62.32 (13.54) 60.97 (13.47) 61.72 (13.40) 60.79 (13.47)

Gender 0.02 0.03

  Male 90 (61.2) 46 (61.3) 84.54 (60.6) 43.90 (59.2)

BMI 0.20 0.04

  Mean (SD) 28.25 (6.1) 29.50 (5.8) 28.53 (5.9) 28.33 (5.8)

Smoking 0.10 0.01

  Non-smoker 134 (93.0) 65 (90.2) 125.36 (90.0) 66.85 (90.2)

CCI 0.02 0.04

  0 28 (19.0) 15 (20.0) 26.80 (19.2) 12.41 (16.7)

  1 19 (12.9) 10 (13.3) 16.48 (11.8) 9.88 (13.3)

   ≥ 2 100 (68.0) 50 (66.6) 90.0 (68.9) 51.79 (69.9)

Tumor stage 0.78

  II 68 (46.2) 34 (45.3) 68 (46.2) 34 (45.3)

  III 75 (51.0) 40 (53.3) 75 (51.0) 40 (53.3)

  Missing 4 (2.7) 1 (1.3) 4 (2.7) 1 (1.3)

TNM (T)

  T1 or T2 6 (4.0) 8 (10.6) 0.03 6 (4.0) 8 (10.6)

  T3 94 (63.5) 55 (73.3) 94 (63.5) 55 (73.3)

  T4 43 (29.5) 11 (14.6) 43 (29.5) 11 (14.6)

  Missing 4 (2.7) 1 (1.3) 4 (2.7) 1 (1.3)

TNM (N) 0.89

  N0 68 (46.2) 34 (45.3) 68 (46.2) 34 (45.3)

  N1 53 (36.0) 27 (36.0) 53 (36.0) 27 (36.0)

  N2 or N3 22 (14.9) 13 (17.3) 22 (14.9) 13 (17.3)

  Missing 4 (2.7) 1 (1.3) 4 (2.7) 1 (1.3)

Chemotherapy use 0.13 0.04

  Yes 94 (63.9) 43 (57.3) 88.95 (63.8) 48.29 (65.2)

Location 0.20 0.001

  Right colon 64 (43.5) 26 (34.6) 58.42 (41.9) 30.75 (41.5)

  Left colon 83 (56.4) 49 (65.3) 80.86 (58.0) 43.31 (58.4)

Harvested lymph nodes 0.20 0.02

   < 12 17 (11.5) 5 (6.6) 14.67 (10.5) 7.43 (10.0)

   ≥ 12 123 (83.6) 69 (92.0) 124.61 (89.4) 66.65 (89.9)

https://doi.org/10.1371/journal.pone.0338741.t001

https://doi.org/10.1371/journal.pone.0338741.t001
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However, none of the p-values for postoperative complications or recurrence sites remain statistically significant after 
performing the Benjamini-Hochberg procedure to correct for the multiple comparisons.

Discussion

The motivation for designing this study was the uncertainty surrounding the incompleteness of tumor resection using LC 
approach and the absence of large RCTs comparing LC versus OC approach in LACC patients. Prior RCTs excluded 
LACC patients from their analyses [11]. Given that incomplete resection is negatively affecting the survival of LACC 

Fig 2.  Standardized mean difference (SMD) balance plot before and after propensity score matching.

https://doi.org/10.1371/journal.pone.0338741.g002

Table 2.  Multivariate analysis of the 5-year overall and recurrence-free survival comparing laparoscopic with open surgery for LACC.

Unweighted data Weighted data

HR 95% CI P HR 95% CI P

OS 0.63 (0.23,1.73) .37 0.42 (0.16,1.12) .08

RFS 0.65 (0.27,1.55) .33 0.74 (0.31,1.78) .50

OS: Overall survival; RFS: Recurrence-free survival; HR: Hazard ratio; IPTW: Inverse probability of treatment weighting.

https://doi.org/10.1371/journal.pone.0338741.t002

Table 3.  Other outcomes.

Patients’ outcomes Open (n = 147) Lap (n = 75) p-value

Mean length of operation in minutes (SD) 212.22 (81.55) 248.72 (84.03) <0.001

Mean length of hospital stays in days (SD) 18.40 (28.56) 9.71 (5.23) <0.001

Anastomotic leak 8 (5.4) 1 (1.3) 0.14

Bleeding requiring blood transfusion 34 (23.1) 10 (13.3) 0.08

Chemotherapy within 30 days after surgery 29 (19.7) 17 (22.6) 0.39

https://doi.org/10.1371/journal.pone.0338741.t003

https://doi.org/10.1371/journal.pone.0338741.g002
https://doi.org/10.1371/journal.pone.0338741.t002
https://doi.org/10.1371/journal.pone.0338741.t003
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patients, the current study attempted to answer a timely question regarding the survival of LACC patients according to sur-
gical approach. Using an IPTW method, we investigated the 5-year overall survival and recurrence-free survival between 
the LC and OC approaches and found that, although LC showed a better outcomes compared to OC, the multivariate 
analysis appeared to be statistically insignificant.

Though the ASCRS equates the long-term oncologic outcomes of LC and OC approaches, both the NCCN and the 
European Association of Endoscopic Surgery (EAES) discourage LC for LACC patients. These discrepancies in recom-
mendations stem from inadequate evidence regarding the suitable surgical approach for LACC patients. This study strived 
to add to the existing literature of observational studies in LACC.

Several prior observational studies compared the effectiveness of LC versus OC [22–24]. In a German study that 
assessed and compared the oncologic outcomes between LC and OC colon cancer patients, the authors found no sig-
nificant overall survival difference between the compared groups [HR: 0.81; 95% CI (0.61,1.06)] [23]. Our IPTW analyses 
align with these results, showing no dissimilarity in the 5-year overall survival. Notably, the German study found a signifi-
cant difference favoring the LC approach in colon cancer patients with T1-3N0 tumors, a subgroup we did not investigate, 
since we limited our patients to advanced stage II and stage III. Similarly, a Korean study, focusing mainly on T4 tumors, 
found no differences in the 3-year survival between the compared groups, but the authors only reported the overall sur-
vival without providing the adjusted results using regression methods [24]. With regard to the recurrence-free survival, 
there was an insignificant difference between the OC and LC patients.

The current study found no differences in the effectiveness for the various subpopulations. For instance, the LC 
approach had the same effectiveness in obese or overweight patients, which is similar to some studies [22,25,26] but 
not others [14,15]. Further, the LC patients experienced shorter hospital stays than the OC patients (9 vs.18 days), a 
significant finding given its implications for the timely initiation of ACT, vital for expedited recovery and effective treatment 
[27,28]. Given the similar 5-year survival and recurrence-free survival between the two approaches and the faster recov-
ery in the LC patients, it could be a valuable option for patients prone to delayed recovery that might compromise their 
ACT initiation.

In our study, LC was more frequently performed in younger patients. This trend may reflect the demographic character-
istics of the Saudi population, which has a relatively youthful population compared to developed countries. While the LC 
approach is minimally invasive procedure, clinical considerations, including comorbidities and performance status, may 
contraindicate its use in older patients.

Table 4.  Surgical complications and most recurrent site.

Open (n = 147) Lap (n = 75) p-value Adjusted p-value

SSI 35 (23.8) 7 (9.3) 0.01 0.06

Circulatory 12 (8.1) 1 (1.3) 0.09 0.14

Pulmonary 12 (8.1) 1 (1.3) 0.09 0.14

GI 17 (11.5) 1 (1.3) 0.02 0.06

GU 7 (4.7) 3 (4.0) 0.74 0.74

Neurology 1 (0.6) 0 (0.0) 0.59 0.71

Common recurrent site Open (n = 147) Lap (n = 75) p-value Adjusted p-value

Liver 10 (6.8) 1 (1.3) 0.09 0.20

Peritoneum 7 (4.7) 3 (4.0) 0.16 0.20

Anastomotic site 4 (2.7) 1 (1.3) 0.22 0.22

Lung 3 (2.0) 0 (0.0) 0.16 0.20

Others 5 (3.4) 3 (4.0) 0.10 0.20

SSI: Surgical Site Infection; GI: Gastrointestinal; GU: Genitourinary

https://doi.org/10.1371/journal.pone.0338741.t004

https://doi.org/10.1371/journal.pone.0338741.t004
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Our results showed that the number of surgical complications were fewer in the LC group, a reflection of the smaller 
incisions compared to OC. The larger OC incisions have high complication risks, such as increased blood loss, postop-
erative pain, longer hospital stay, and wound infections [29–32]. This concurs with literature showing significantly lower 
complications in LC patients [29,33]. Though surgical site infections are a potential risk in both approaches, they were 
most common in the OC patients (56.7%), as reported [30]

.
 Though not statistically significant, the LC group had a higher 

peritoneum recurrence than the OC (37.5% vs 24.1%), similar to a study investigating the long term outcomes of LACC 
and another retrospective study focusing on T4 colon cancer patients [34] but not others [35].

Our experience showed similarities and distinctions when compared to the current standards of care in developed 
countries such as Europe and the USA. LC has become widespread approach for LACC due to the availability of 
advanced surgical technologies, and robust training programs. On the other hand, in Saudi Arabia, factors including 
healthcare infrastructure, access to advanced surgical equipment, and trained surgeons influence surgical decisions. 
These differences highlight the importance of adapting international best practices to fit local healthcare settings.

Though we endeavored to minimize residual confounding and selection bias, it remains possible that the surgeon’s 
choice of the type of surgical approach used is based on their sole judgment which was not captured in the data. Addition-
ally, the findings of the current study are derived from the NGHA population, a healthcare system with experienced sur-
geons, which might not reflect the practice in other systems in Saudi Arabia. Due to the low recurrence and mortality rates 
associated with the surgical approach in LACC, the study is possibly underpowered to determine a significant difference 
in outcomes in our study. Given the very low number of complications, we were unable to adjust for complications during 
the follow up. We performed our analysis using standard hypothesis testing to identify the differences between the LC 
and OC approaches, which therefore could not confirm the comparability of these surgery approach. Thus, future studies 
using a formal equivalence or non-inferiority analysis are recommended to support this argument. Additionally, investigat-
ing prognostic differences between high-risk young and low-risk older CRC patients is an important area for future studies. 
Given the growing use of advanced techniques such as LC, further research into the potential benefits of LC specifically 
for younger patients would be timely. In summary, our results indicate that, there is no significant difference between LC 
approach and the open surgical approach in patients with LACC. However, a larger study may be necessary to detect the 
effects. Based on our estimates, a future study necessitates approximately a total of 324 patients to achieve 80% power 
for the detection of significant differences.

Supporting information

S1 File. OCvsLC_Deidentified_Dataset. 
(XLSX)

Acknowledgments

The authors would like to acknowledge the research data management team at the NGHA for their assistance with retriev-
ing the data.

Author contributions

Conceptualization: Mesnad S. Alyabsi, Anwar H. Alqarni, Mohammed A. Algarni, Kanan M. Alshammari, Nahar A. 
Alselaim.

Data curation: Mesnad S. Alyabsi, Anwar H. Alqarni, Mohammed S. Alhalafi.

Formal analysis: Mesnad S. Alyabsi, Anwar H. Alqarni.

Funding acquisition: Mesnad S. Alyabsi, Adel F. Almutairi.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0338741.s001


PLOS One | https://doi.org/10.1371/journal.pone.0338741  December 29, 2025 10 / 11

Methodology: Mesnad S. Alyabsi, Anwar H. Alqarni, Mohammed A. Algarni, Kanan M. Alshammari, Nahar A. Alselaim.

Supervision: Adel F. Almutairi.

Validation: Mesnad S. Alyabsi, Anwar H. Alqarni, Adel F. Almutairi, Mohammed A. Algarni, Kanan M. Alshammari, Nahar 
A. Alselaim.

Writing – original draft: Mesnad S. Alyabsi, Anwar H. Alqarni.

Writing – review & editing: Mesnad S. Alyabsi, Adel F. Almutairi, Mohammed S. Alhalafi, Mohammed A. Algarni, Kanan 
M. Alshammari, Nahar A. Alselaim.

References
	 1.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and 

mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229–63. https://doi.org/10.3322/caac.21834 PMID: 38572751

	 2.	 Morgan E, Arnold M, Gini A, Lorenzoni V, Cabasag CJ, Laversanne M, et al. Global burden of colorectal cancer in 2020 and 2040: incidence and 
mortality estimates from GLOBOCAN. Gut. 2023;72(2):338–44.

	 3.	 American Cancer Society. Cancer Facts and Figures 2024 [Internet]. 2024. Available from: https://www.cancer.org/content/dam/cancer-org/
research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf

	 4.	 American Cancer Society. Colorectal cancer facts and figures 2020-2022 [Internet]. Cancer.org. Atlanta; 2020 [cited 2023 Apr 27]. Available 
from: https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/colorectal-cancer-facts-and-figures/colorectal-can-
cer-facts-and-figures-2020-2022.pdf

	 5.	 Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC, et al. Colorectal cancer statistics, 2020. CA Cancer J Clin. 
2020;70(3):145–64. https://doi.org/10.3322/caac.21601 PMID: 32133645

	 6.	 Definition of stage II colorectal cancer - NCI Dictionary of Cancer Terms - NCI [Internet]. [cited 2023 Jun 15]. Available from: https://www.cancer.
gov/publications/dictionaries/cancer-terms/def/stage-ii-colorectal-cancer

	 7.	 Definition of stage IIIA colorectal cancer - NCI Dictionary of Cancer Terms - NCI [Internet]. [cited 2023 Jun 15]. Available from: https://www.cancer.
gov/publications/dictionaries/cancer-terms/def/stage-iiia-colorectal-cancer

	 8.	 Klaver CEL, Gietelink L, Bemelman WA, Wouters MWJM, Wiggers T, Tollenaar RAEM, et al. Locally advanced colon cancer: Evaluation of current 
clinical practice and treatment outcomes at the population level. J Natl Compr Cancer Netw. 2017;15(2):181–90.

	 9.	 National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) [Internet]. 2023 [cited 2023 Apr 27]. 
Available from: https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf

	10.	 Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AMH. Short-term endpoints of conventional versus laparoscopic-assisted surgery in 
patients with colorectal cancer (MRC CLASICC trial): Multicentre, randomised controlled trial. Lancet. 2005;365(9472):1718–26.

	11.	 Clinical Outcomes of Surgical Therapy Study Group, Nelson H, Sargent DJ, Wieand HS, Fleshman J, Anvari M, et al. A comparison of laparoscopi-
cally assisted and open colectomy for colon cancer. N Engl J Med. 2004;350(20):2050–9. https://doi.org/10.1056/NEJMoa032651 PMID: 15141043

	12.	 Vogel JD, Eskicioglu C, Weiser MR, Feingold DL, Steele SR. The American society of colon and rectal surgeons clinical practice guidelines for the 
treatment of colon cancer. Dis Colon Rectum [Internet]. 2017 Oct 1 [cited 2023 Jun 15];60(10):999–1017. Available from: https://journals.lww.com/
dcrjournal/Fulltext/2017/10000/The_American_Society_of_Colon_and_Rectal_Surgeons.3.aspx

	13.	 Huynh C, Minkova S, Kim D, Stuart H, Hamilton TD. Laparoscopic versus open resection in patients with locally advanced colon cancer. Surgery. 
2021;170(6):1610–5. https://doi.org/10.1016/j.surg.2021.07.027 PMID: 34462119

	14.	 Champagne BJ, Nishtala M, Brady JT, Crawshaw BP, Franklin ME, Delaney CP, et al. Laparoscopic colectomy in the obese, morbidly obese, and 
super morbidly obese: When does weight matter?. Int J Colorectal Dis. 2017;32(10):1447–51. https://doi.org/10.1007/s00384-017-2865-x PMID: 
28710609

	15.	 Yang T, Wei M, He Y, Deng X, Wang Z. Impact of visceral obesity on outcomes of laparoscopic colorectal surgery: A meta-analysis. ANZ J Surg. 
2015;85(7–8):507–13. https://doi.org/10.1111/ans.13132 PMID: 25902904

	16.	 Lamvu G, Zolnoun D, Boggess J, Steege JF. Obesity: physiologic changes and challenges during laparoscopy. Am J Obstet Gynecol. 
2004;191(2):669–74. https://doi.org/10.1016/j.ajog.2004.05.077 PMID: 15343262

	17.	 Alyabsi M, Alhumaid A, Allah-Bakhsh H, Alkelya M, Aziz MA. Colorectal cancer in Saudi Arabia as the proof-of-principle model for implementing 
strategies of predictive, preventive, and personalized medicine in healthcare. EPMA J. 2019;11(1):119–31. https://doi.org/10.1007/s13167-019-
00186-x PMID: 32140189

	18.	 Saudi Health Council. Cancer Incidence Report 2018 [Internet]. 2022 [cited 2023 May 18]. Available from: https://shc.gov.sa/Arabic/NCC/Activities/
AnnualReports/2018.pdf

	19.	 Alyabsi M, Algarni M, Alshammari K. Trends in colorectal cancer incidence rates in Saudi Arabia (2001–2016) using Saudi national registry: Early- 
versus late-onset disease. Front Oncol. 2021;11:3392.

https://doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/pubmed/38572751
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/colorectal-cancer-facts-and-figures/colorectal-cancer-facts-and-figures-2020-2022.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/colorectal-cancer-facts-and-figures/colorectal-cancer-facts-and-figures-2020-2022.pdf
https://doi.org/10.3322/caac.21601
http://www.ncbi.nlm.nih.gov/pubmed/32133645
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/stage-ii-colorectal-cancer
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/stage-ii-colorectal-cancer
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/stage-iiia-colorectal-cancer
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/stage-iiia-colorectal-cancer
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://doi.org/10.1056/NEJMoa032651
http://www.ncbi.nlm.nih.gov/pubmed/15141043
https://journals.lww.com/dcrjournal/Fulltext/2017/10000/The_American_Society_of_Colon_and_Rectal_Surgeons.3.aspx
https://journals.lww.com/dcrjournal/Fulltext/2017/10000/The_American_Society_of_Colon_and_Rectal_Surgeons.3.aspx
https://doi.org/10.1016/j.surg.2021.07.027
http://www.ncbi.nlm.nih.gov/pubmed/34462119
https://doi.org/10.1007/s00384-017-2865-x
http://www.ncbi.nlm.nih.gov/pubmed/28710609
https://doi.org/10.1111/ans.13132
http://www.ncbi.nlm.nih.gov/pubmed/25902904
https://doi.org/10.1016/j.ajog.2004.05.077
http://www.ncbi.nlm.nih.gov/pubmed/15343262
https://doi.org/10.1007/s13167-019-00186-x
https://doi.org/10.1007/s13167-019-00186-x
http://www.ncbi.nlm.nih.gov/pubmed/32140189
https://shc.gov.sa/Arabic/NCC/Activities/AnnualReports/2018.pdf
https://shc.gov.sa/Arabic/NCC/Activities/AnnualReports/2018.pdf


PLOS One | https://doi.org/10.1371/journal.pone.0338741  December 29, 2025 11 / 11

	20.	 Brookhart MA, Stürmer T, Glynn RJ, Rassen J, Schneeweiss S. Confounding control in healthcare database research: challenges and potential 
approaches. Med Care. 2010;48(6 0):S114.

	21.	 Cole SR, Hernán MA. Constructing inverse probability weights for marginal structural models. Am J Epidemiol. 2008;168(6):656–64. https://doi.
org/10.1093/aje/kwn164 PMID: 18682488

	22.	 Schootman M, Mutch M, Loux T, Eberth JM, Davidson NO. Differences in effectiveness and use of laparoscopic surgery in locally advanced colon 
cancer patients. Sci Reports 2021 111 [Internet]. 2021 May 11 [cited 2023 Jun 15];11(1):1–8. Available from: https://www.nature.com/articles/
s41598-021-89554-0

	23.	 Völkel V, Draeger T, Gerken M, Klinkhammer-Schalke M, Fürst A. Long-term oncologic outcomes after laparoscopic vs. open colon cancer resec-
tion: A high-quality population-based analysis in a Southern German district. Surg Endosc. 2018;32(10):4138–47. https://doi.org/10.1007/s00464-
018-6158-4 PMID: 29602999

	24.	 Kim IY, Kim BR, Kim YW. The short-term and oncologic outcomes of laparoscopic versus open surgery for T4 colon cancer. Surg Endosc. 
2016;30(4):1508–18. https://doi.org/10.1007/s00464-015-4364-x PMID: 26123346

	25.	 Keller DS, Ibarra S, Flores-Gonzalez JR, Ponte OM, Madhoun N, Pickron TB, et al. Outcomes for single-incision laparoscopic colectomy surgery in 
obese patients: a case-matched study. Surg Endosc. 2016;30(2):739–44. https://doi.org/10.1007/s00464-015-4268-9 PMID: 26092004

	26.	 Keller DS, Madhoun N, Flores-Gonzalez JR, Ibarra S, Tahilramani R, Haas EM. Effect of BMI on short-term outcomes with robotic-assisted laparo-
scopic surgery: A case-matched study. J Gastrointest Surg. 2016;20(3).

	27.	 Bos ACRK, Van Erning FN, Van Gestel YRBM, Creemers GJM, Punt CJA, Van Oijen MGH, et al. Timing of adjuvant chemotherapy and its relation 
to survival among patients with stage III colon cancer. Eur J Cancer. 2015;51(17):2553–61.

	28.	 Ahmed FA, Wu VS, Kakish H, Rothermel L, Stein SL, Steinhagen E, et al. Adjuvant Chemotherapy Is Associated with Improved Survival for Stage 
III Colon Cancer When Initiated Beyond 8 Weeks. J Gastrointest Surg [Internet]. 2023 [cited 2023 Aug 3]; Available from: https://pubmed.ncbi.nlm.
nih.gov/37340108/

	29.	 Kang J, Baik SH, Lee KY, Sohn S-K. Outcomes of laparoscopic surgery in pathologic T4 colon cancers compared to those of open surgery. Int J 
Colorectal Dis. 2017;32(4):531–8. https://doi.org/10.1007/s00384-016-2720-5 PMID: 27882405

	30.	 de’Angelis N, Vitali GC, Brunetti F, Wassmer C-H, Gagniere C, Puppa G, et al. Laparoscopic vs. open surgery for T4 colon cancer: A propensity 
score analysis. Int J Colorectal Dis. 2016;31(11):1785–97. https://doi.org/10.1007/s00384-016-2646-y PMID: 27627964

	31.	 Sueda T, Tei M, Nishida K, Yoshikawa Y, Matsumura T, Koga C, et al. Oncological outcomes following laparoscopic surgery for pathological T4 
colon cancer: A propensity score-matched analysis. Surg Today. 2021;51(3):404–14. https://doi.org/10.1007/s00595-020-02106-3 PMID: 32767131

	32.	 Mukai T, Nagasaki T, Akiyoshi T, Fukunaga Y, Yamaguchi T, Konishi T, et al. Laparoscopic multivisceral resection for locally advanced colon cancer: 
A single-center analysis of short- and long-term outcomes. Surg Today. 2020;50(9):1024–31.

	33.	 Park SS, Lee JS, Park HC, Park SC, Sohn DK, Oh JH, et al. Favorable short-term oncologic outcomes following laparoscopic surgery for small T4 
colon cancer: a multicenter comparative study. World J Surg Oncol. 2020;18(1).

	34.	 Nagata H, Kawai K, Hata K, Tanaka T, Nozawa H, Ishihara S. Laparoscopic surgery for T4 colon cancer: A risk factor for peritoneal recurrences?. 
Surgery. 2020;168(1):119–24. https://doi.org/10.1016/j.surg.2020.02.026 PMID: 32305228

	35.	 Colon Cancer Laparoscopic or Open Resection Study Group, Buunen M, Veldkamp R, Hop WCJ, Kuhry E, Jeekel J, et al. Survival after laparo-
scopic surgery versus open surgery for colon cancer: Long-term outcome of a randomised clinical trial. Lancet Oncol. 2009;10(1):44–52. https://
doi.org/10.1016/S1470-2045(08)70310-3 PMID: 19071061

https://doi.org/10.1093/aje/kwn164
https://doi.org/10.1093/aje/kwn164
http://www.ncbi.nlm.nih.gov/pubmed/18682488
https://www.nature.com/articles/s41598-021-89554-0
https://www.nature.com/articles/s41598-021-89554-0
https://doi.org/10.1007/s00464-018-6158-4
https://doi.org/10.1007/s00464-018-6158-4
http://www.ncbi.nlm.nih.gov/pubmed/29602999
https://doi.org/10.1007/s00464-015-4364-x
http://www.ncbi.nlm.nih.gov/pubmed/26123346
https://doi.org/10.1007/s00464-015-4268-9
http://www.ncbi.nlm.nih.gov/pubmed/26092004
https://pubmed.ncbi.nlm.nih.gov/37340108/
https://pubmed.ncbi.nlm.nih.gov/37340108/
https://doi.org/10.1007/s00384-016-2720-5
http://www.ncbi.nlm.nih.gov/pubmed/27882405
https://doi.org/10.1007/s00384-016-2646-y
http://www.ncbi.nlm.nih.gov/pubmed/27627964
https://doi.org/10.1007/s00595-020-02106-3
http://www.ncbi.nlm.nih.gov/pubmed/32767131
https://doi.org/10.1016/j.surg.2020.02.026
http://www.ncbi.nlm.nih.gov/pubmed/32305228
https://doi.org/10.1016/S1470-2045(08)70310-3
https://doi.org/10.1016/S1470-2045(08)70310-3
http://www.ncbi.nlm.nih.gov/pubmed/19071061

