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Introduction

LR and DM remain major concerns in rectal cancer 
management. The adoption of total mesorectal excision 
(TME), particularly when integrated with neoadjuvant 
chemoradiotherapy (nCRT), has markedly reduced 
LR compared with historical data, with contemporary 
5-year LR rates of 5–10% reported in the literature [1, 
2]. In the TME era, DM has emerged as the primary 
cause of treatment failure [3] and rectal cancer mortality, 
with 3–5-year rates ranging from 9% to 14%, including 
approximately 10% in surgery-only cohorts [4, 5].

The 2025 European Society for Medical Oncology 
guidelines endorse a risk-adapted approach, in which 
upfront surgery is considered an appropriate option for 
carefully selected patients with MRI-defined cT3 tumors, 
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uninvolved circumferential margins (mrCRM), and 
negative extramural vascular invasion (EMVI) [6]. This 
strategy may be suitable for patients at low risk of LR or 
those unfit for nCRT due to toxicities such as hematologic 
suppression or gastrointestinal dysfunction [7]. Additional 
concerns include postoperative complications following 
radiotherapy, particularly anastomotic leakage, which 
significantly impairs postoperative quality of life [8, 9]. In 
low- and middle-income countries like Vietnam, limited 
radiotherapy infrastructure and prolonged waiting times 
may further justify upfront surgery, as delays risk disease 
progression or emergency interventions.

Multiple clinicopathologic factors have been 
associated with LR and DM. For LR, these include 
involved pathological circumferential margin (pCRM), 
poor differentiation, anastomotic leakage, low anterior 
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resection, and vascular or perineural invasion [10-12]. 
For DM, risk factors include elevated preoperative CEA, 
nodal metastasis, number of lymph nodes metastases, 
EMVI, and tumor diameter [13-15]. 

While emerging evidence supports the oncologic 
feasibility of upfront surgery [5, 16]. The prognostic 
implications of conventional risk factors may differ in the 
absence of nCRT. In this setting, early risk stratification 
can help guide treatment decisions, surveillance strategies, 
and selective use of nCRT. Therefore, we conducted 
this study to estimate LR and DM rates and explore 
clinicopathologic predictors in MRI-staged cT3 rectal 
cancer patients with uninvolved mrCRM and negative 
EMVI undergoing upfront laparoscopic resection without 
nCRT.

Materials and Methods

Study settings 
This cohort was carried out at the University Medical 

Center Ho Chi Minh City, a high-volume tertiary hospital 
with approximately 250–300 rectal cancer surgeries 
annually in Vietnam, from January 2018 to April 2022.

Study Design and Participants
This single-center retrospective-prospective cohort 

included both retrospective and prospective arms, 
without a comparison group. Patients treated prior to 
ethics approval were retrospectively identified, while 
later cases were prospectively enrolled under a unified 
protocol. Standardized diagnostic, surgical, and follow-up 
procedures were applied across all patients.

Patients with rectal adenocarcinoma ≤12 cm from 
the anal verge were eligible. Tumors were staged as 
cT3a (<1 mm), cT3b (1–5 mm), or cT3c (5–15 mm) of 
extramural spread. MRI inclusion required uninvolved 
mrCRM (>1 mm) and negative EMVI. In accordance 
with ESMO recommendations [6], cT3c tumors in the 
low rectum are generally excluded because of their high 
risk of pCRM involvement. In this study, however, all 
cT3c tumors (upper, mid, and low rectum) were included 
within a strictly selected, risk-adapted cohort. Upfront 
surgery was offered only when the multidisciplinary tumor 
board (MTB) deemed the prognostic profile favorable. 
For low-rectal cT3c tumors, eligibility required negative 
mrCRM, absence of EMVI, and non–poorly differentiated 
histology. This selection strategy reflects our institutional 
risk-stratification approach and ensures internal cohort 
homogeneity despite limitations in radiotherapy capacity.

Patients were excluded if they had DM, suspicious 
lateral pelvic lymph nodes on imaging (short-axis diameter 
>7 mm, irregular border, or heterogeneous signal intensity 
on MRI), inflammatory bowel disease, inherited colorectal 
cancer syndromes, simultaneous tumors, or had undergone 
surgery for a different primary tumor. Patients with 
gastrointestinal stromal tumors (GIST) on final pathology 
were also excluded. Patients who refused to provide 
informed consent were also excluded from the study.

Treatment Protocol
Rectal MRI was performed using a 3.0-Tesla system 

with a phased-array coil. High-resolution protocols 
included axial and coronal T2-weighted sequences (≤3 
mm), sagittal T2-weighted (3.5 mm), and T1-weighted 
(3.5 mm) images, along with diffusion-weighted 
imaging (DWI) for lesion characterization. Imaging was 
independently reviewed by two specialized radiologists, 
with consensus in cases of discordance.

Surgical management involved laparoscopic resection 
following total or partial mesorectal excision principles, 
with high vascular ligation. Dissection proceeded medial-
to-lateral, then lateral-to-medial. Proximal and distal 
resection margins were maintained at ≥10 cm and ≥2–4 
cm, respectively, depending on tumor location and extent 
of excision.

Patients with pT3N0 tumors and high-risk features 
(e.g., low location, poor differentiation, lympho-
vascular or perineural invasion, <12 lymph nodes) 
were recommended pelvic radiotherapy (45 Gy in 28 
fractions) with concurrent capecitabine (825 mg/m² 
twice daily). Those with pT4, pN+, or involved pCRM 
received adjuvant chemoradiotherapy with 3–4 cycles of 
XELOX, followed by pelvic irradiation with concurrent 
capecitabine, then additional XELOX to complete eight 
cycles, based on institutional protocols informed by 
ESMO recommendations [6] and MTB discussions. 
Treatment decisions were made via MTB discussions, 
incorporating patient preferences and clinical judgment, 
which may differ from certain international guidelines.

Postoperative surveillance included clinical 
examination, serum CEA testing, chest X-ray, and 
abdominal ultrasound every 3 months for 2 years, 
then biannually until year 5, and annually thereafter. 
Thoracoabdominal–pelvic CT and pelvic MRI (when 
indicated) were performed every 6–12 months or sooner 
if clinically necessary. Colonoscopy was done at 1 year 
post-surgery and repeated every 3–5 years. There was 
no loss to follow-up during the study period (Figure 1).

Figure 1. Radiologic and Pathologic Assessment of CRM. (a) MRI shows uninvolved mrCRM (4.1 mm). (b) Pathology 
indicated uninvolved pCRM (1.06 mm)
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Histologic grade was dichotomized as well versus 
moderate–poor, and mesorectal violation grouped near-
complete and incomplete excisions, with complete 
excision as reference. Significance was set at p< 0.05.

Ethical Considerations
The study was approved by the Ethics Committee of 

University Medical Center Ho Chi Minh City (Approval 
No. 50/GCN-HĐĐĐ, November 12, 2020). Informed 
consent was obtained from all participants, prospectively 
at enrollment or retrospectively during follow-up.

Results

Clinical characteristics
We enrolled 175 patients with cT3 rectal cancer from 

January 2018 through April 2022. Preoperative exclusion 
criteria eliminated 28 patients, primarily due to DM (n=12) 
and lateral pelvic lymph node involvement (n=8), along 
with other causes including other primary surgeries (n=4), 
inflammatory bowel disease (n=3), and synchronous 
tumors (n=1). Although 147 patients proceeded to surgery, 
three were later excluded due to GIST findings. The final 
cohort comprised 144 patients followed for ≥ 36 months, 
including 95 retrospective and 49 prospective cases. Of 
these, 49.3% were cT3b, 34.7% cT3c, and 16% cT3a. The 
study enrolled 67 men (46.5%) and 77 women (53.5%); 
mean age 62 ± 12 years (Figure 2). 

The median preoperative CEA was 3.35 ng/mL [IQR: 
1.8–6.5]. Most tumors were located in the mid and low 
rectum. Tumor size and clinical nodal (cN) status differed 
significantly across cT3 substages. Median tumor diameter 
increased with substage: 3 cm in cT3a, 4 cm in cT3b, and 5 
cm in cT3c (p< 0.005). Lesions ≤4 cm were mostly found 
in cT3a/b (76.5%), while tumors ≥7 cm occurred only in 
cT3c. cN+ was lowest in cT3a (11.2%) and higher in cT3b 
(52%) and cT3c (36.8%) (p< 0.005).

All surgeries were completed laparoscopically. 
Intraoperative complications occurred in 4 patients (2.8%), 
including hemorrhage, bowel perforation, nerve injury, 
and iliac vein laceration. Postoperative morbidity was 
16.7%, mainly Clavien–Dindo grade I–II. Anastomotic 
leakage occurred in 3.6% of anastomoses (2.8% overall), 
with half needing reintervention. No perioperative deaths 
were reported (Table 1).

Pathological and adjuvant characteristics
Complete mesorectal integrity was achieved in 97.2% 

of cases; incomplete specimens were rare and evenly 
distributed (p= 1.0). Mesorectal quality was evaluated 
using the Enker grading system [17], which categorizes 
total mesorectal excision as complete, near-complete, or 
incomplete. Mesorectal violation was defined as any near-
complete or incomplete excision with defects extending 
into the muscularis propria. Clear proximal and distal 
margins were obtained in all cases, with median lengths 
of 10 cm [IQR: 10–15] and 3 cm [IQR: 2–4], respectively. 
Involved pCRM was uncommon (2.8%), seen only in 
cT3b/c tumors (p= 0.82). Pathological staging revealed 
6.3% pT2, 85.4% pT3, and 8.3% pT4a, correlating with 
substage (p< 0.005); pT2 occurred mainly in cT3a, while 

Sample Size and Sampling
Sample size was estimated using a precision-based 

formula for a single proportion at 95% confidence 
(Z = 1.96) and 5% error. Based on anticipated rates of 
LR (8%) [1, 12] and DM (10%) [4, 5], the minimum 
required sample sizes were 114 and 139, respectively. To 
ensure sufficient statistical precision, a total of 144 eligible 
patients were consecutively included. Specifically, for the 
retrospective arm, all eligible patients treated between 
January 2018 and the ethics approval date (November 
12, 2020) were identified consecutively from electronic 
medical records and imaging archives. For the prospective 
arm, eligible patients presenting after ethics approval 
were consecutively enrolled until April 2022 under the 
unified protocol.

Key Outcome Variables
LR was defined as pelvic tumor regrowth at the 

anastomosis, rectal stump, pelvic tissues, perineum, or 
regional nodes, after curative resection. Diagnosis was 
based on clinical findings (e.g., symptoms such as pain, 
bleeding, or palpable masses) supported by imaging (e.g., 
CT, MRI, or PET-CT), endoscopy, or histopathology when 
indicated to confirm recurrence and exclude differentials 
like inflammation or benign strictures.

DM was defined as tumor spread beyond the pelvis, 
including the liver, lungs, peritoneum, bones, brain, 
or nonregional lymph nodes. Diagnosis was based on 
surveillance imaging (e.g., thoracoabdominal–pelvic 
CT, chest X-ray, abdominal ultrasound) or symptom-
driven evaluation (e.g., clinical symptoms such as pain, 
weight loss, or organ-specific dysfunction), confirmed by 
appropriate imaging (e.g., PET-CT for equivocal findings) 
or histology when indicated to verify metastatic disease 
and exclude differentials like infection or non-malignant 
lesions.

For retrospectively included patients, data for both LR 
and DM were retrieved from electronic medical records 
and imaging archives, based on standardized follow-up 
protocols.

Statistical Methods
Data were analyzed with R version 4.4.2 (R Core 

Team, Vienna, Austria). Frequencies and percentages were 
used for categorical variables, assessed via Chi-square or 
Fisher’s exact tests. Continuous variables were shown as 
mean ± SD or median (IQR), depending on Shapiro–Wilk 
normality assessment. Group comparisons used ANOVA 
or Kruskal–Wallis tests, as appropriate. Kaplan–Meier 
estimates were used to calculate LR and DM rates at 3, 
5, and 7 years, with comparisons between pN0 (stage II) 
and pN+ (stage III) groups by log-rank test.

To explore predictors of LR and DM, univariate 
Cox regression was first performed. Variables with p< 
0.10 were considered for multivariable models, subject 
to event-per-variable thresholds. Penalized regression 
was additionally applied without preselection to reduce 
overfitting. LASSO regression was used for variable 
selection by shrinking less informative coefficients to 
zero, whereas Ridge regression was employed to manage 
potential multicollinearity among covariates.
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Characteristics cT3a cT3b cT3c Total p-values
(n = 23; 16%) (n = 71; 49.3%) (n = 50; 34.7%) n = 144, n (%)

Age, n (%) 60.4 ± 13 62.8 ± 11.4 61.7 ± 12.5 62 ± 12 0.83
     <50 6 (27.3) 10 (45.4) 6 (27.3) 22 (15.3) 0.31†
     ≥50 17 (13.9) 61 (50) 44 (36.1) 122 (84.7)
Sex, n (%)
     Female 13 (16.9) 39 (50.6) 25 (32.5) 77 (53.5) 0.82*
     Male 10 (14.9) 32 (47.8) 25 (37.3) 67 (46.5)
Pre-operative CEA level 
(ng/ml), n (%)

2.5 [1.5;4.9] 3.4 [1.8;6.4] 3.75 [2.5;6.9] 3.35 [1.8;6.5] 0.22

     <5 17 (19.1) 42 (47.2) 30 (33.7) 89 (61.8) 0.43*
     ≥5 6 (10.9) 29 (52.7) 20 (36.4) 55 (38.2)
Anastomotic leakage , n (%)
     No 16 (14.8) 54 (50) 38 (35.2) 108 (75) 0.82†
     Yes 0 (0) 2 (50) 2 (50) 4 (2.8)
     APR+Hartmann 7 (21.9) 15 (46.9) 10 (31.2) 32 (22.2)
Post-operative complication, n (%)
     No 18 (15) 58 (48.3) 44 (36.7) 120 (83.3) 0.76*
     Yes 5 (20.8) 13 (54.2) 6 (25) 24 (16.7)
Mesorectal integrity, n (%)
     Complete 23 (16.4) 68 (48.6) 49 (35) 140 (97.2) 1†
     Nearly-complete 0 (0) 2 (66.7) 1 (33.3) 3 (2.1)
     Incomplete 0 (0) 1 (100) 0 (0) 1 (0.7)
Histological tumor grade (Pre & post-operative), n (%)
    Well 1 (33.3) 1 (33.3) 1 (33.3) 3 (2.1) 0.79†
     Moderate 21 (15.4) 68 (50) 47 (34.6) 136 (94.4)
     Poor 1 (20) 2 (40) 2 (40) 5 (3.5)
pT, n (%)
     pT2 6 (66.7) 3 (33.3) 0 (0) 9 (6.3) <0.005†
     pT3 17 (13.8) 59 (48) 47 (38.2) 123 (85.4)
     pT4a 0 (0) 9 (75) 3 (25) 12 (8.3)
pN, n (%)
     pN0 19 (18.8) 50 (49.5) 32 (31.7) 101 (70.1) 0.27*
     pN+ 4 (9.3) 21 (48.8) 18 (41.9) 43 (29.9)
Lymph node harvested, n (%)
     <12 9 (18.4) 24 (49) 16 (32.6) 49 (34) 0.84*
     ≥12 14 (14.7) 47 (49.5) 34 (35.8) 95 (66)
pCRM, n (%)
     Uninvolved 23 (16.4) 68 (48.6) 49 (35) 140 (97.2) 0.82†
     Involved 0 (0) 3 (75) 1 (25) 4 (2.8)
Local recurrence, n (%)
     No 23 (16.8) 66 (48.2) 48 (35) 137 (95.1) 0.59†
     Yes 0 (0) 5 (71.4) 2 (28.6) 7 (4.9)
Distant metastasis, n (%)
     No 21 (16.3) 64 (49.6) 44 (34.1) 129 (89.6) 0.93†
     Yes 2 (13.3) 7 (46.7) 6 (40) 15 (10.4)

Table 1. Clinico-Pathological Characteristics and Oncologic Outcomes of Patients with T3 Rectal Cancer, Uninvolved 
mrCRM (n = 144)

CEA, carcino-embryonic antigen; APR, Abdominoperineal resection; pT, pathological tumor; pN, pathological nodal; pCRM, pathological 
circumferential resection margin; *, indicates Chi-square test; †, indicates Fisher's exact test  
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Figure 2. Patient Enrollment and Follow-up Schema. Overview of case selection, treatment pathway, and outcome 
tracking throughout the study period.

pT4a was exclusive to cT3b/c. pN status showed no 
significant substage difference (p= 0.27), with 70.1% 
pN0 and 29.9% pN+. The mean lymph node yield was 
12.6 ± 4.9, with ≥12 nodes retrieved in 66% of patients. 

Adjuvant therapy was administered in 60.4%, with 
25.7% receiving chemotherapy, 2.1% radiotherapy, and 
32.6% chemoradiotherapy. Supplementary Table 1 shows 
all clinico-pathological characteristics and oncologic 
outcomes.

Oncologic outcomes
Over a median follow-up of 56 months [IQR: 

42.75–68], LR and DM occurred in 4.9% and 10.4% 
of patients, respectively. No port- or extraction-site 
metastases were noted. LR was detected in 7 cases (3 
anastomotic, 4 pelvic), while 15 patients developed DM, 
most frequently in the liver (n=5) and lungs (n=5), with 
others in bone (n=1), peritoneum (n=1), or multiple sites 
(n=3). Cumulative incidences of disease events were as 
follows. The 3-, 5-, and 7-year LR rates were 3.6% (95% 
CI 1.2–10.6), 5.3% (95% CI 2.2–12.5), and 5.3% (95% CI 
2.2–12.5), respectively. The corresponding rates of DM 
were 8.5% (95% CI 4.6–15.3), 11.6% (95% CI 6.8–19.3), 
and 11.6% (95% CI 6.8–19.3) (Figure 3).

Factors associated with local recurrence
LR was observed only in cT3b (5/71) and cT3c (2/50), 

with no cases in cT3a (0/23); there was no significant 
association (p= 0.59, Fisher’s exact test).

In univariate Cox regression, mesorectal violation 
(HR: 245.4, p<0.005), involved pCRM (HR: 19.0, 
p<0.005), anastomotic leakage (HR: 8.41, p=0.06), and 
postoperative complications (HR: 6.19, p=0.03) were 
associated with LR. In multivariable analysis, mesorectal 
violation (HR: 179.3, p<0.005) and anastomotic leakage 
(HR: 15.6, p=0.036) remained significant, though wide 
confidence intervals reflected statistical instability due to 
limited event counts. To improve robustness, regularized 
regression was employed: Ridge regression retained both 
variables with attenuated effects, while LASSO preserved 
only mesorectal violation (HR: 76.42), shrinking all others 
to zero. These findings suggest mesorectal violation 
as the most stable and reproducible predictor of LR in 
this cohort. However, the high hazard ratios should be 
interpreted with caution due to the small number of LR 
events (n=7), which may inflate effect estimates despite 
penalized adjustment (Table 2). 

Factors associated with distant metastasis
DM occurred in 15 patients (10.4%), distributed as 

2/23 in cT3a, 7/71 in cT3b, and 6/50 in cT3c. Although 
slightly more frequent in cT3c tumors, the difference 
among subgroups was not statistically significant (p=0.93).

In univariate analysis, elevated preoperative CEA ≥ 5 
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Figure 3. Kaplan–Meier Curves for Local Recurrence (a) and distant metastasis (b). LR rates at 3, 5, and 7 years: 3.6%, 
5.3%, and 5.3% (p = 0.97, stage II vs III). DM rates: 8.5%, 11.6%, and 11.6% (p = 0.009, stage II vs III).

Characteristics Local recurrence
Univariate Multivariate Ridge LASSO

HR (95% CI) P HR (95% CI) P HR HR
Sex
     Female Ref.
     Male 7.45 (0.9-61.86) 0.06 2.2 (0.2-25.2) 0.52 1.38
Anastomotic leakage
     No Ref.
     Yes 8.41 (0.94-75.58) 0.06 15.6 (1.2-203.5) 0.036 3.2
     APR+Hartmann 1.75 (0.32-9.55) 0.52 0.85
Post-operative complication
     No Ref.
     Yes 6.19 (1.2-31.89) 0.03 1.9 (0.3-12.36) 0.48 1.66
Mesorectal integrity
     Complete Ref.
     Mesorectal violation 245.4 (26.2-2297) <0.005 179.34 (10.36-3106.03) <0.005 39.93 76.42
pCRM
     Uninvolved Ref.
     Involved 19 (3.61-100.18) <0.005 1.26 (0.15-10.8) 0.83 2.15

Table 2. Risk Factor Analysis for Local Recurrence in cT3 Rectal Cancer with Uninvolved CRM (N = 144): univariate 
screening, multivariable Cox, and regularized regression (Ridge, LASSO)

Ref,  Reference; LASSO, Least absolute shrinkage and selection operator; APR, Abdominoperineal resection; pCRM, pathological circumferential 
resection margin. 

ng/mL (HR: 5.04, p= 0.006), mesorectal violation (HR: 
7.6, p= 0.009), pN+ (HR: 2.86, p= 0.043), and involved 
pCRM (HR: 5.95, p= 0.02) were associated with a higher 
risk of DM.

In the multivariable Cox model, preoperative CEA 
≥ 5 ng/mL (HR: 4.85, p= 0.008) and pN positivity (HR: 
3.12, p= 0.039) remained significant predictors, while 
mesorectal violation and involved pCRM lost significance, 
likely due to overlapping effects and wide confidence 
intervals.

Regularized regression models provided more stable 
estimates. Ridge regression retained all four variables 
with reduced coefficients. LASSO regression selected 
preoperative CEA ≥ 5 ng/mL (HR: 2.48), mesorectal 
violation (HR: 3.06), pN+ (HR: 1.51), and involved pCRM 
(HR: 1.72), while excluding other factors (Table 3). 

Supplementary Tables 2 and 3 summarize the 
full results of univariate analyses, multivariable Cox 
regression, and regularized models (Ridge and LASSO) 
for all variables evaluated in relation to LR and DM.

Discussion

This cohort demonstrated an encouraging LR rate of 
4.9%, with 3-year, 5-year, and 7-year cumulative rates 
of 3.6%, 5.3%, and 5.3%, respectively. These figures 
are in line with previous reports on upfront surgery 
for selected patients with cT3 rectal cancer, where LR 
rates typically ranged from 3.3% to 10.3% with median 
follow-up times of 20–48 months [5, 16, 18-20]. Notably, 
the 5-year LR rate in our study (5.3%) was comparable 
to the outcomes observed in the Dutch TME trial for 
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Characteristics Distant metastasis
Univariate Multivariate Ridge LASSO

HR (95% CI) P HR (95% CI) P HR HR
Pre-operative CEA level (ng/ml)
     <5 Ref.
     ≥5 5.04 (1.6-15.85) 0.006 4.85 (1.5-15.5) 0.008 1.34 2.48
Circumferential tumor location
     Anterior Ref.
     Posterior 0.3 (0.08-1.09) 0.068 0.4 (0.1-1.5) 0.164 0.86
     Circumferentially 0.4 (0.09-1.81) 0.234 0.9
Surgical procedure
     AR Ref.
     LAR 1.86 (0.39-8.93) 0.441 1.02
     ISR NE. 0.998 0.81
     APR 4.1 (0.82-20.1) 0.087 NE. 0.998 1.13
     Hartmann NE. 0.999 0.75
Anastomotic leakage
     No Ref.
     Yes 3.7 (0.46-29.25) 0.222 1.28
     APR+Hartmann 2.73 (0.95-7.88) 0.063 1.1
Mesorectal integrity
     Complete Ref.
     Mesorectal violation 7.6 (1.7-34.8) 0.009 4.85 (0.2-113.2) 0.326 1.86 3.06
pN
     pN0 Ref.
     pN+ 2.86 (1.04-7.88) 0.043 3.12 (1.06-9.15) 0.039 1.25 1.51
pCRM
     Uninvolved Ref.
     Involved 5.95 (1.33-26.6) 0.02 2.13 (0.1-47.9) 0.633 1.76 1.72

Table 3. Risk Factor Analysis for Distant Metastasis in cT3 Rectal Cancer with Uninvolved CRM (n = 144): univariate 
screening, multivariable Cox, and regularized regression (Ridge, LASSO)

NE., Not estimable; Ref., Reference; LASSO, Least absolute shrinkage and selection operator; CEA, carcinoembryonic antigen; AR, Anterior 
resection; LAR, Low anterior resection; ISR, Intersphincteric resection; APR, Abdominoperineal resection; pN, pathological nodal; pCRM, 
pathological circumferential resection margin. 

patients receiving preoperative radiotherapy (5.6%) 
and markedly lower than that of the surgery-only group 
(10.9%) [21]. These findings suggest that, in selected 
cT3 patients with uninvolved CRM and negative EMVI, 
upfront surgery can achieve acceptable local control when 
complete mesorectal integrity is ensured. Nevertheless, 
these comparisons should be interpreted with caution 
due to population differences, as the Dutch TME trial 
predominantly involved Western patients with higher BMI 
and varied tumor levels, while the present single-center 
Vietnamese cohort consisted mainly of mid-to-lower rectal 
cancers treated by specialized colorectal surgeons.

In this exploratory analysis, mesorectal violation 
emerged as the most consistent factor associated with 
LR. All affected patients developed LR, and this variable 
remained consistently selected in both univariate and 
regularized regression models, despite instability in 
conventional multivariable estimates due to limited 
event counts. The exceptionally high hazard ratios likely 
reflect model overfitting rather than true effect magnitude, 

although regularized methods confirmed its relevance 
with attenuated coefficients. This finding aligns with 
García Granero et al., who reported a fourfold increase 
in LR risk with noncomplete mesorectal integrity [22]. 
Beyond a statistical correlation, there are clear biological 
mechanisms that explain its critical prognostic importance. 
The mesorectal fascia serves as a natural barrier containing 
the tumor. A surgical violation of this plane can lead 
to direct spillage and implantation of tumor cells onto 
pelvic surfaces, resulting in LR. Furthermore, a breach 
often indicates deviation from the correct surgical plane, 
which increases the risk of a microscopically involved 
circumferential resection margin, a powerful predictor 
of LR [10, 24] and a factor shown to be collinear with 
mesorectal violation in our analysis. Finally, disruption 
of the mesorectum may expose previously contained 
lymphatic and vascular channels, potentially facilitating 
systemic tumor dissemination and contributing to DM, 
for which it was identified as a secondary predictor in 
our models.
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Other variables showed less consistent associations 
with LR. Anastomotic leakage was significant in the 
multivariable Cox and Ridge models but not retained 
by LASSO, reflecting uncertainty about its independent 
contribution. While some studies, like the COLOR II trial 
[11], reported an association, others found no significant 
link [18, 23]. This inconsistency, along with only four 
observed cases, suggests the observed effect may reflect 
technical challenges or downstream effects on adjuvant 
therapy rather than a direct causal role. Involved pCRM 
showed a strong univariate association, consistent with 
previous findings [10, 24] but lost significance in adjusted 
and LASSO models, likely due to collinearity with 
mesorectal violation. Other clinicopathologic features, 
including tumor location and nodal status, were not 
predictive in this cohort, despite reported associations in 
more advanced disease settings [10, 12, 18].

The cumulative incidence of DM in our cohort was 
8.5% at 3 years, 11.6% at 5 years, and remained stable at 
7 years, yielding an overall rate of 10.4%. These outcomes 
are favorable and compare well with prior studies. For 
instance, the OCUM cohort reported 3- and 5-year DM 
rates of 8.9% and 14.4%, while the MERCURY trial 
noted a 19% rate among cT3 tumors [4, 25]. Higher 
incidences were observed in less selectively defined series, 
including 28.9% in Ptok et al. and 23.8% in Saklani et 
al., whereas Kulu et al. documented a similar rate of 10% 
[5, 16, 20]. Such discrepancies may reflect variations in 
tumor staging, inclusion of cT4 lesions, or differences in 
CRM assessment. In our series, the liver was the most 
common metastatic site, followed by the lungs, consistent 
with rectal venous drainage patterns. Notably, DM was 
significantly more frequent in stage III than stage II 
disease (p= 0.009), highlighting the central role of pN+ 
in systemic dissemination.

Risk factor analysis supported this interpretation. 
Preoperative CEA ≥ 5 ng/mL and pN+ were the most 
reliable predictors, maintaining statistical significance in 
multivariable Cox regression and consistently retained 
by Ridge and LASSO models. Elevated preoperative 
CEA has long been recognized as a marker of tumor 
burden. Restivo et al. reported that high CEA levels 
predicted early DM in advanced rectal cancer [13], and our 
findings reinforce its value as both a prognostic indicator 
and a practical, cost-effective tool for postoperative 
surveillance. Similarly, the prognostic relevance of pN+ is 
well established, as malignant cells spread via lymphatic 
pathways and subsequently gain access to the systemic 
circulation [14, 15].

Mesorectal violation and involved pCRM also showed 
associations with DM, although less consistently. Both 
were significant in univariate analyses and retained by 
penalized regression, but did not remain independent 
predictors in the conventional multivariable Cox model, 
which requires cautious interpretation given the small 
event number. Prior evidence provides a plausible 
explanation: involved pCRM has been reported to 
independently increase the risk of both LR and DM 
(OR ≈ 3.1, p= 0.004), whereas mesorectal violation was 
not directly associated with DM, it showed a strong 
correlation with involved pCRM (p= 0.031) [22]. This 

supports the notion that involved pCRM may contribute 
directly to systemic failure, while mesorectal quality 
may influence outcomes indirectly through its impact on 
resection margins.

This study has several limitations. The small 
number of LR and DM events limited statistical power 
and may have led to unstable hazard ratio estimates, 
even with penalized regression methods. As a single-
center study with a partially retrospective design, 
external generalizability may be constrained, although 
standardized protocols and strict eligibility criteria 
ensured consistency and minimized heterogeneity. 
Variability in adjuvant therapy may also have influenced 
outcomes. Competing risks were not accounted for in 
survival analyses, which could slightly affect cumulative 
incidence estimates. The absence of a comparator group 
limits causal interpretation, though the study’s primary 
aim was to explore prognostic factors within an upfront 
surgery cohort. Finally, molecular profiling (e.g., MSI 
or RAS mutation status) was unavailable, which may 
restrict the generalizability of the results in the context 
of precision oncology.

The narrow eligibility was intentional to ensure a 
homogeneous cohort aligned with guideline-based upfront 
surgery criteria. Despite these limitations, the findings 
offer meaningful clinical insights. Notably, some variables 
such as anastomotic leakage and involved pCRM are 
postoperative events and should not guide preoperative 
decision-making. Their associations with recurrence 
likely reflect surgical quality or complications rather 
than intrinsic tumor risk. Ensuring complete mesorectal 
integrity remains essential for reducing LR, while 
preoperative CEA ≥ 5 ng/mL and pN+ serve as practical, 
reproducible markers for DM risk stratification. These 
results underscore the importance of surgical quality 
control and biomarker-informed surveillance in carefully 
selected patients undergoing upfront surgery. In resource-
limited settings, these biomarkers can facilitate cost-
effective risk stratification without relying on advanced 
imaging.

In conclusion, this study suggests that upfront 
surgery may yield acceptable oncological outcomes in 
carefully selected cT3 rectal cancer patients with clear 
mrCRM and negative EMVI. LR was most consistently 
associated with mesorectal violation, while DM appeared 
primarily driven by elevated preoperative CEA (≥5 ng/
mL) and pN+, with mesorectal violation and involved 
pCRM as potential secondary factors. Given limited 
number of events, these findings should be interpreted as 
hypothesis-generating and considered with caution due 
to potential unmeasured confounding. Nonetheless, they 
underscore the dual importance of surgical quality and 
tumor biology in shaping long-term outcomes. Larger, 
multicenter prospective studies are needed to confirm 
these associations.

Author Contribution Statement

All authors contributed equally in this study.



Asian Pacific Journal of Cancer Prevention, Vol 27 1495

DOI:10.31557/APJCP.2026.27.4.1487
Oncological Outcomes of Upfront Surgery in cT3 Rectal Cancer

Acknowledgements

General
We are grateful to the patients and families for their 

participation, the hospital administration for logistical 
assistance, and Dr. Phat Minh Tran for his support in 
data analysis.

Conflict of Interest
None.

Ethical Declaration
The study was performed in accordance with the 

Declaration of Helsinki for Biomedical Research.

References

1. Li S, Jiang F, Tu J, Zheng X. Long-term oncologic outcomes 
of laparoscopic versus open surgery for middle and lower 
rectal cancer. PLoS One. 2015;10(9):e0135884. https://doi.
org/10.1371/journal.pone.0135884.

2. Chen YJ, Zhao ZJ, Wang BW, Jing GZ, Ma HK, Han X, et 
al. Optimal interval to surgery after chemoradiotherapy in 
rectal cancer: A protocol for systematic review and network 
meta-analysis. Medicine (Baltimore). 2019;98(45):e17669. 
https://doi.org/10.1097/md.0000000000017669.

3. Yoo RN, Kim HJ. Total neoadjuvant therapy in locally 
advanced rectal cancer: Role of systemic chemotherapy. 
Ann Gastroenterol Surg. 2019;3(4):356-67. https://doi.
org/10.1002/ags3.12253.

4. Ruppert R, Junginger T, Ptok H, Strassburg J, Maurer CA, 
Brosi P, et al. Oncological outcome after mri-based selection 
for neoadjuvant chemoradiotherapy in the ocum rectal 
cancer trial. Br J Surg. 2018;105(11):1519-29. https://doi.
org/10.1002/bjs.10879.

5. Kulu Y, Tarantino I, Billeter AT, Diener MK, Schmidt T, 
Büchler MW, et al. Comparative outcomes of neoadjuvant 
treatment prior to total mesorectal excision and total 
mesorectal excision alone in selected stage ii/iii low and mid 
rectal cancer. Ann Surg Oncol. 2016;23(1):106-13. https://
doi.org/10.1245/s10434-015-4832-5.

6. Hofheinz RD, Fokas E, Benhaim L, Price TJ, Arnold D, 
Beets-Tan R, et al. Localised rectal cancer: Esmo clinical 
practice guideline for diagnosis, treatment and follow-up. 
Ann Oncol. 2025;36(9):1007-24. https://doi.org/10.1016/j.
annonc.2025.05.528.

7. Wang H, Jia H, Gao Y, Zhang H, Fan J, Zhang L, et al. 
Serum metabolic traits reveal therapeutic toxicities and 
responses of neoadjuvant chemoradiotherapy in patients 
with rectal cancer. Nat Commun. 2022;13(1):7802. https://
doi.org/10.1038/s41467-022-35511-y.

8. Zhou W, Wang X, Dan J, Zhu M, Liao Q, Liu K, et al. 
Neoadjuvant chemotherapy versus long-course neoadjuvant 
chemoradiotherapy for locally advanced rectal cancer: 
A systematic review and meta-analysis of 5,168 cases. 
Front Oncol. 2025;15:1542885. https://doi.org/10.3389/
fonc.2025.1542885.

9. Yang J, Luo Y, Tian T, Dong P, Fu Z. Effects of neoadjuvant 
radiotherapy on postoperative complications in rectal cancer: 
A meta-analysis. J Oncol. 2022;2022:8197701. https://doi.
org/10.1155/2022/8197701.

10. Räsänen M, Renkonen-Sinisalo L, Mustonen H, Lepistö A. 
Is there a need for neoadjuvant short-course radiotherapy 
in t3 rectal cancer with positive lymph node involvement? 
A single-center retrospective cohort study. World J Surg 
Oncol. 2019;17(1):139. https://doi.org/10.1186/s12957-

019-1670-0.
11. Koedam TWA, Bootsma BT, Deijen CL, van de Brug T, 

Kazemier G, Cuesta MA, et al. Oncological outcomes 
after anastomotic leakage after surgery for colon or 
rectal cancer: Increased risk of local recurrence. Ann 
Surg. 2022;275(2):e420-e7. https://doi.org/10.1097/
sla.0000000000003889.

12. Yun JA, Huh JW, Kim HC, Park YA, Cho YB, Yun SH, 
et al. Local recurrence after curative resection for rectal 
carcinoma: The role of surgical resection. Medicine 
(Baltimore). 2016;95(27):e3942. https://doi.org/10.1097/
md.0000000000003942.

13. Restivo A, Delrio P, Deidda S, Spolverato G, Rega 
D, Cerci M, et al. Predictors of early distant relapse 
in rectal cancer patients submitted to preoperative 
chemoradiotherapy. Oncol Res Treat. 2020;43(4):146-52. 
https://doi.org/10.1159/000505668.

14. Gaitanidis A, Alevizakos M, Tsaroucha A, Tsalikidis C, 
Pitiakoudis M. Predictive nomograms for synchronous 
distant metastasis in rectal cancer. J Gastrointest Surg. 
2018;22(7):1268-76. https://doi.org/10.1007/s11605-018-
3767-0.

15. Tang C, Xu J, Lin M, Qiu S, Wang H, Zuo X, et al. Risk 
factors for distant metastasis in t3 t4 rectal cancer. Clin Med 
Insights Oncol. 2024;18:11795549241227423. https://doi.
org/10.1177/11795549241227423.

16. Ptok H, Meyer F, Gastinger I, Garlipp B. Multimodal 
treatment of ct3 rectal cancer in a prospective multi-center 
observational study: Can neoadjuvant chemoradiation 
be omitted in patients with an mri-assessed, negative 
circumferential resection margin? Visc Med. 2021;37(5):410-
7. https://doi.org/10.1159/000514800.

17. Enker WE, Levi GS. Macroscopic assessment of mesorectal 
excision. Cancer. 2009;115(21):4890-4. https://doi.
org/10.1002/cncr.24655.

18. Lee SI, Kim SH, Wang HM, Choi GS, Zheng MH, Fukunaga 
M, et al. Local recurrence after laparoscopic resection of t3 
rectal cancer without preoperative chemoradiation and a risk 
group analysis: An asian collaborative study. J Gastrointest 
Surg. 2008;12(5):933-8. https://doi.org/10.1007/s11605-
007-0386-6.

19. Zeng Z, Li Z, Luo S, Huang L, Liang Z, Zheng X, et al. Mri-
defined t3, clear mesorectal fascia mid-low rectal cancer: Is 
neoadjuvant treatment necessary? J Gastroenterol Hepatol. 
2024;39(5):858-67. https://doi.org/10.1111/jgh.16451.

20. Saklani A, Sugoor P, Bhandare M, Jatal S, Desouza A, Ostwal 
V. Chemo-radiation after upfront rectal resections-a clinical 
dilemma. Indian J Surg Oncol. 2018;9(4):495-500. https://
doi.org/10.1007/s13193-018-0805-z.

21. Peeters KC, Marijnen CA, Nagtegaal ID, Kranenbarg EK, 
Putter H, Wiggers T, et al. The tme trial after a median 
follow-up of 6 years: Increased local control but no survival 
benefit in irradiated patients with resectable rectal carcinoma. 
Ann Surg. 2007;246(5):693-701. https://doi.org/10.1097/01.
sla.0000257358.56863.ce.

22. García-Granero E, Faiz O, Muñoz E, Flor B, Navarro S, Faus 
C, et al. Macroscopic assessment of mesorectal excision in 
rectal cancer: A useful tool for improving quality control in 
a multidisciplinary team. Cancer. 2009;115(15):3400-11. 
https://doi.org/10.1002/cncr.24387.

23. Bao QR, Pellino G, Spolverato G, Restivo A, Deidda S, 
Capelli G, et al. The impact of anastomotic leak on long-
term oncological outcomes after low anterior resection for 
mid-low rectal cancer: Extended follow-up of a randomised 
controlled trial. Int J Colorectal Dis. 2022;37(7):1689-98. 
https://doi.org/10.1007/s00384-022-04204-9.

24. Quirke P, Durdey P, Dixon MF, Williams NS. Local 



Hung Xuan Tran et al

Asian Pacific Journal of Cancer Prevention, Vol 271496

recurrence of rectal adenocarcinoma due to inadequate 
surgical resection. Histopathological study of lateral tumour 
spread and surgical excision. Lancet. 1986;2(8514):996-9. 
https://doi.org/10.1016/s0140-6736(86)92612-7.

25. Taylor FG, Quirke P, Heald RJ, Moran B, Blomqvist L, Swift 
I, et al. Preoperative high-resolution magnetic resonance 
imaging can identify good prognosis stage i, ii, and iii 
rectal cancer best managed by surgery alone: A prospective, 
multicenter, european study. Ann Surg. 2011;253(4):711-9. 
https://doi.org/10.1097/SLA.0b013e31820b8d52.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


