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Abstract
BACKGROUND 
Patients with clinical T4 colorectal cancer (CRC) have a poor prognosis because of 
compromised surgical margins. Neoadjuvant therapy may be effective in 
downstaging tumors, thereby rendering possible radical resection with clear 
margins.

AIM 
To evaluate tumor downsizing and resection with clear margins in T4 CRC 
patients undergoing neoadjuvant concurrent chemoradiotherapy followed by 
surgery.

METHODS 
This study retrospectively included 86 eligible patients with clinical T4 CRC who 
underwent neoadjuvant concurrent chemoradiotherapy followed by radical 
resection. Neoadjuvant therapy consisted of radiation therapy at a dose of 45-50.4 
Gy and chemotherapy agents, either FOLFOX or capecitabine. A circumferential 
resection margin (CRM) of < 1 mm was considered to be a positive margin. We 
defined pathological complete response (pCR) as the absence of any malignant 
cells in a specimen, including the primary tumor and lymph nodes. A 
multivariate logistic regression model was used to identify independent 
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predictive factors for pCR.

RESULTS 
For 86 patients who underwent neoadjuvant chemoradiotherapy and surgery, the 
rate of pCR was 14%, and the R0 resection rate was 91.9%. Of the 61 patients with 
rectal cancer, 7 (11.5%) achieved pCR and 5 (8.2%) had positive CRMs. Of the 25 
patients with colon cancer, 5 (20%) achieved pCR and 2 (8%) had positive CRMs. 
We observed that the FOLFOX regimen was an independent predictor of pCR (P 
= 0.046). After a median follow-up of 47 mo, the estimated 5-year overall survival 
(OS) and disease-free survival (DFS) rates were 70.8% and 61.4%, respectively. 
Multivariate analysis revealed that a tumor with a negative resection margin was 
associated with improved DFS (P = 0.014) and OS (P = 0.001). Patients who 
achieved pCR exhibited longer DFS (P = 0.042) and OS (P = 0.003) than those who 
did not.

CONCLUSION 
Neoadjuvant concurrent chemoradiotherapy engenders favorable pCR and R0 
resection rates among patients with T4 CRC. The R0 resection rate and pCR are 
independent prognostic factors for patients with T4 CRC.

Key Words: T4; Chemoradiotherapy; Pathological complete response; R0 resection; 
Colorectal cancer; Survival

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with clinical T4 colorectal cancer have a poor prognosis because of 
compromised surgical margins. This retrospective study demonstrated that neoadjuvant 
chemoradiotherapy resulted in high rates of pathological complete response and 
complete resection for patients with T4 colorectal cancer. An aggressive approach that 
entails implementing the FOLFOX regimen before, during, and after irradiation is safe 
and can improve pathological complete response rates. Negative resection margins and 
pathological complete response are significantly associated with survival.

Citation: Huang CM, Huang CW, Ma CJ, Tsai HL, Su WC, Chang TK, Huang MY, Wang JY. 
Outcomes of neoadjuvant chemoradiotherapy followed by radical resection for T4 colorectal 
cancer. World J Gastrointest Oncol 2020; 12(12): 1428-1442
URL: https://www.wjgnet.com/1948-5204/full/v12/i12/1428.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i12.1428

INTRODUCTION
Colorectal cancer (CRC) is a major public health concern because of its high incidence 
and death rates in Western countries[1]. In Taiwan, CRC is the most commonly 
diagnosed cancer, with the number of patients with CRC increasing rapidly in recent 
years; CRC is also the third leading cause of cancer-related death in Taiwan[2]. Surgical 
resection with a free tumor margin (R0 resection) is a curative method for localized 
CRC. However, the resection of T4 CRC involves a high risk of positive surgical 
margins and local recurrence; therefore, patients with T4 CRC have relatively poor 
overall survival (OS) and disease-free survival (DFS)[3,4]. A study reported that patients 
with T4 CRC had a 5-year DFS rate of 75.4%, considerably lower than those for 
patients with T1-T3 tumors (T1: 98.8%; T2: 95.7; T3: 86.5%)[5].

R0 resection is a crucial prognostic factor in patients with CRC. Studies have 
reported that multivisceral resection (MVR) improves the prognosis of locally 
advanced CRC, but this is at the cost of increased morbidity and mortality[3,6]. Other 
studies have revealed that patients with locally advanced CRC who underwent MVR 
had R0 resection rates of 40%-90%[3,6,7]. Neoadjuvant concurrent chemoradiotherapy 
(CCRT) followed by surgical resection is the main treatment for locally advanced rectal 
cancer (LARC), and tumor downstaging may facilitate complete resection of T4 
lesions[8,9]. However, administering neoadjuvant CCRT in patients with locally 
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advanced colon cancer is controversial[10-12].
Patients achieving pathological complete response (pCR) experience more favorable 

oncologic outcomes compared with patients not[13,14]. Most studies have enrolled both 
patients with clinical T3 and those with T4 rectal cancer for the administration of 
neoadjuvant CCRT, but those with T4 disease usually exhibited more unfavorable 
responses to CCRT compared with those with T3 disease; this can be attributed to the 
extensive invasion of surrounding tissues and large tumor burden of T4 lesions that 
make radical resection difficult[15-17]. Research results or clinical evidence regarding 
pCR after the administration of neoadjuvant CCRT for clinical T4 (cT4) CRC is 
currently limited.

To address this gap in the literature, the present study was conducted to determine 
the oncologic results of neoadjuvant CCRT administration followed by radical 
resection and to identify predictive factors for pCR, DFS, and OS in patients with T4 
CRC.

MATERIALS AND METHODS
Patients
We retrieved records of consecutive patients with cT4 CRC and biopsy-proven 
adenocarcinoma who underwent neoadjuvant CCRT followed by radical resection 
between August 2010 and September 2018. A cT4 stage was defined as radiological 
evidence of tumor penetration into the surface of the visceral peritoneum (T4a) or 
direct tumor invasion or adhesion to nearby organs (T4b). Patients with distant 
metastases at diagnosis and previous or synchronous malignancies were excluded 
from this analysis. This study was approved by our institutional review board. Cancer 
staging was determined according to abdominal computed tomography (CT) scans for 
colon cancer and pelvic magnetic resonance imaging (MRI) for rectal cancer. For 
patients with locally advanced colon cancer, the imaging studies and treatment 
strategies were reviewed by a multidisciplinary cancer team.

Preoperative chemotherapy 
Patients underwent one of two preoperative chemotherapy regimens, namely, 
capecitabine and FOLFOX regimens. A total of 13 patients with cT4 CRC received the 
capecitabine regimen; specifically, these patients received capecitabine (850 mg/m2) 
twice daily for 5 d/wk throughout the 5 wk of radiation therapy (RT). A total of 75 
patients received the FOLFOX regimen, which entailed a biweekly schedule of 
FOLFOX. Each cycle of FOLFOX chemotherapy involved oxaliplatin (85 mg/m2) and 
folinic acid (400 mg/m2) infusion on day 1, followed by a 46-h infusion of 5-
fluorouracil (2800 mg/m2) repeated every 2 wk. Patients in the FOLFOX group 
received one or two cycles of induction FOLFOX before CCRT, followed by two cycles 
of FOLFOX concomitantly administered during RT and an additional three or four 
cycles of consolidation FOLFOX after CCRT.

Radiotherapy
Target volumes were determined in accordance with the principles of the International 
Commission on Radiation Units and Measurements Reports 50 and 62. The gross 
tumor volume (GTV) was defined as the volume of the visible tumor and enlarged 
lymph nodes apparent on diagnostic CT or MRI images. A 1.5-2 cm clinical target 
volume (CTV) margin was added to the GTV. In addition to the CTV, we added a 
planning target margin of 1-1.5 cm. Irradiation was delivered at a total dose of 45-50.4 
Gy with a daily fraction of 1.8 Gy or 2.0 Gy.

Surgical and pathological review
Patients underwent radical resection after completing neoadjuvant treatment. For 
colon cancer, hemicolectomy was performed, and for rectal cancer, total mesorectal 
excision was conducted. Partial organ resection procedures were conducted as 
necessary, and specimens were collected and sent to the pathology department to 
ascertain the status of the surgical margins. Two pathologists examined the specimens 
and evaluated the treatment response. In the event of a discrepancy between the 
evaluations of the two pathologists, we consulted a third pathologist to resolve the 
differences. The tumor response following CCRT was assessed according to the 
American Joint Committee on Cancer system[18]. A circumferential resection margin 
(CRM) of < 1 mm was considered to be a positive margin. We defined pCR as the 
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absence of any malignant cells in a specimen, including the primary tumor and lymph 
nodes (ypT0N0).

Postoperative chemotherapy
Adjuvant chemotherapy (6 mo perioperative treatment) was suggested for patients 
with one of the following pathological parameters: Pathologic nodal metastases, 
positive resection margins, or pathologic T3-T4 tumors. An additional six cycles of 
adjuvant chemotherapy with FOLFOX were administered.

Toxicity evaluation and follow-up
Toxicity was evaluated at each weekly visit, and postoperative follow-up was 
conducted at 3-mo intervals. Acute adverse events were recorded in accordance with 
the Common Terminology Criteria for Adverse Events, version 4.2.

Statistical analysis
Categorical variables are presented as percentages, and continuous variables are 
presented as median values and ranges. Categorical variables were compared using 
the χ2 test or Fisher’s exact test. We applied kappa statistics to quantify and confirm 
interobserver agreement. A multivariate logistic regression model was used to identify 
independent predictive factors for pCR.

Follow-up and survival periods were measured from the surgery date to the end 
points. The Kaplan-Meier method was used to estimate DFS and OS, and the log-rank 
test was used to measure differences between the groups. A multivariate Cox 
proportional hazards model was used to analyze the associated clinicopathologic 
factors. All statistical analyses were performed using JMP software (version 9.0, SAS 
Institute Inc., Cary, NC, United States).

RESULTS
Table 1 presents the characteristics of the patients. The sigmoid colon was the most 
common site of colon cancer (n = 14), followed by the ascending colon (n = 7), cecum (
n = 2), and transverse colon (n = 2). The irradiation treatment modalities included 
three-dimensional conformal radiotherapy (n = 15), volumetric arc therapy (n = 49), 
and tomotherapy (n = 24). According to imaging studies, the following adjacent organs 
were involved: The bladder (n = 13), uterus (n = 9), vagina (n = 6), small intestine (n = 
8), prostate (n = 5), ureter (n = 2), stomach (n = 1), and perineum (n = 1). After 
reviewing each surgical specimen, we determined that the bladder of three patients, 
the uterus of one patient, and the stomach of one patient were pathologically involved. 
In the remaining cases, dead tumor cells and fibrosis were found within the resected or 
biopsied adjacent organs.

Acute toxicity and treatment compliance
Acute adverse events differed between the two chemotherapy groups. Overall, 
leukopenia (11.1%) was the most common grade 3 toxicity in the FOLFOX group, and 
diarrhea (14.2%) was the most common grade 3 toxicity in the capecitabine group. No 
grade 4 toxicity or treatment-related death was observed in the study participants.

All patients completed the suggested radiation dose. RT was interrupted for 1 wk 
because of grade 3 diarrhea (n = 2) in the FOLFOX group. In the FOLFOX group, three 
patients discontinued chemotherapy because of neutropenic fever (n = 2) and severe 
diarrhea (n = 1); no chemotherapy interruption occurred in the capecitabine group.

Surgical and pathological responses
In this study, two patients did not undergo radical resection after completing CCRT. 
One patient was diagnosed as having sigmoid colon cancer invading the uterus and 
left ureter; therefore, the patient did not receive radical resection because tumor 
fixation to the common iliac artery was found during the operation. The patient 
continued chemotherapy with FOLFOX followed by FOLFIRI and exhibited a stable 
disease at the 18-month follow-up (the last follow-up). The other patient with 
ascending colon cancer developed peritoneal carcinomatosis after completing CCRT. 
Therefore, two cycles of FOLFIRI were administered, but the patient died of tumor 
progression 7 mo after diagnosis.

Table 2 lists the patients’ pathological results and tumor responses. For the 86 
patients who underwent surgery, the pCR rate was 14%, and the R0 resection rate was 
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Table 1 Patient and treatment characteristics (n = 88), n (%)

Characteristic n = 88

Age, median (yr, range) 63 (34-93)

Sex

Male 42 (47.7)

Female 46 (52.3)

Location

Colon 25 (28.4)

Rectum 63 (71.6)

cT stage

T4a 44 (50)

T4b 44 (50)

cN stage 

N0 7 (8)

N1 37 (42)

N2 44 (50)

cTNM stage

II 6 (6.8)

III 82 (93.2)

Tumor grade

Well differentiated 4 (4.6)

Moderately differentiated 72 (81.8)

Poorly differentiated 12 (13.6)

Pretreatment CEA (ng/mL)

≤ 5 46 (52.3)

> 5 42 (47.7)

Preoperative chemotherapy

FOLFOX 75 (85.2)

Capecitabine 13 (14.8)

Radiation technique

Tomotherapy 24 (27.9)

Volumetric arc therapy 49 (57)

Conformal radiotherapy 15 (15.1)

Radiation dose (Gy)

< 50 26 (29.5)

≥ 50 62 (70.5)

Radiation-surgery interval (wk, range) 9 (5-40)

CEA: Carcinoembryonic antigen.

91.9%. Of the 61 patients with rectal cancer, 7 (11.5%) achieved pCR and 5 (8.2%) had 
positive CRMs. Of the 25 patients with colon cancer, 5 (20%) achieved pCR and 2 (8%) 
had positive CRMs. The κ value was 0.97, indicating excellent interobserver agreement 
in this study.

Table 3 presents a summary of the results of the univariate and multivariate 
analyses of clinical parameters used for pCR prediction. The univariate analysis 
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Table 2 Pathological results and tumor response to neoadjuvant treatment (n = 86)1

n (%)

ypT

0 13 (15)

1 3 (3.8)

2 12 (13.8)

3 46 (53.4)

4 12 (14)

ypN

0 72 (83.8)

1 10 (11.6)

2 4 (4.6)

Median number of resected nodes2 9 (2-26)

Median number of involved nodes2 0 (0-8)

Lymphovascular invasion 

Positive 15 (17.4)

Negative 71 (82.6)

Perineural invasion 

Positive 22 (25.5)

Negative 64 (74.5)

Resection margin 

Positive 7 (8.1)

Negative 79 (91.9)

Pathologic complete response 

Yes 12 (14)

No 74 (86)

Tumor regression grade

0 13 (15.1)

1 30 (34.9)

2 27 (31.4)

3 16 (18.6)

Pathologic T stage 

Downstaging 74 (86)

Stable 112 (14)

Progressive 0 (0)

Pathologic N stage 

Downstaging 75 (87.3)

Stable 7 (8.1)

Progressive 4 (4.6)

1Two patients (T4bN2M0 and T4aN2M0) did not undergo surgical resection.
2Median (range).
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indicated that FOLFOX-based CCRT was significantly associated with pCR occurrence 
(P = 0.037) and that a long radiation-surgery interval tended to improve pCR (P = 
0.074). The multivariate analysis revealed that receiving the FOLFOX regimen was an 
independent predictor of pCR (odds ratio, 4.755; 95%CI, 2.118-88.203; P = 0.046).

Table 4 lists tumor and nodal responses to neoadjuvant CCRT for each patient. 
Among all patients with cT4a CRC, 7 (8.1%) achieved pCR and 15 (17.4%) had tumor 
downstaging to ypT0-2. Moreover, among all patients with T4b disease, 6 (7%) 
achieved pCR and 13 (15.1%) had ypT0-2 after neoadjuvant CCRT. When all clinical 
factors were included in the analysis, the FOLFOX plus RT group had a higher 
number of patients with tumor downstaging to ypT0-2 than the capecitabine-based 
CCRT group (34.9% vs 7.1%; P = 0.022). Of the 42 patients with T4b disease, 13 
underwent multivisceral resection and the remaining 29 underwent radical resection 
with the preservation of surrounding organs.

Postoperative complications
No mortality was observed within 30 d after surgery. Two patients developed a 
wound abscess. One patient developed an intra-abdominal infection due to 
anastomotic leakage 1 mo after right hemicolectomy. Furthermore, three patients 
required surgical interventions because of adhesion ileus. Two patients developed 
rectovaginal fistulas. Of the 86 patients, 8 developed postoperative complications 
requiring intensive medical or surgical interventions (10.4%).

Survival data and failure patterns
The median follow-up time was 47 mo (range, 17-120 mo). At the time of analysis, 37 
patients had died. The estimated 5-year OS and DFS rates were 70.8% and 61.4%, 
respectively (Figure 1A and B). Table 5 presents the results of univariate and 
multivariate analyses for prognostic parameters used to predict DFS and OS rates. The 
multivariate analysis revealed that resection margin [hazard ratio (HR), 3.120; P = 
0.014], ypN stage (HR, 3.549; P = 0.042), and pathological response (HR, 2.560; P = 
0.017) were independent factors associated with DFS; moreover, resection margin (HR, 
4.136; P = 0.001) and pathological response (HR, 2.977; P = 0.003) were independent 
factors associated with OS. The Kaplan-Meier method revealed that the number of 
patients with negative resection margins was significantly higher than that of those 
with involved resection margins (P < 0.001 and P = 0.012, respectively; Figure 2A and 
B). In addition, patients who achieved pCR had higher DFS and OS rates than those 
who did not (P = 0.043 and P = 0.032, respectively; Figure 2C and D).

The failure patterns, according to the tumor location and clinical tumor stage, are 
summarized in Table 6. For patients with rectal cancer, cT4b disease resulted in a 
recurrence rate of 32.3%, which was higher than that (26.6%) among patients with cT4a 
disease. Among the patients with colon cancer, the recurrence rates in patients with 
cT4b and cT4a were 38.5% and 25%, respectively. A total of 19 patients (22.1%) 
developed distant metastases: The lung was the most common first site of distant 
metastasis (n = 9), followed by the liver (n = 5), bone (n = 2), para-aortic lymph nodes (
n = 2), and peritoneal carcinomatosis (n = 1). Local recurrence was observed in 13 
patients (15.1%). Only one patient with pCR developed peritoneal carcinomatosis and 
bone metastases 11 mo after surgery; she died of tumor progression 2 mo after 
developing distant metastases. No patient experienced local failure in the pCR group.

DISCUSSION
In general, cT4 CRC requires MVR to improve local control and survival. However, 
several studies have demonstrated that MVR leads to considerably high morbidity and 
mortality rates[3,19,20]. Therefore, in a population-based study of patients selected from 
the SEER registry, only 33.3% of 8380 patients with locally advanced adherent T4 CRC 
eventually underwent MVR, and the delivery of neoadjuvant RT was associated with 
decreased cases of MVR[21]. Accordingly, we evaluated the oncologic outcomes of 
patients with T4 CRC undergoing neoadjuvant CCRT and subsequent surgery.

Neoadjuvant CCRT followed by surgical resection is the main treatment for 
LARC[8,9]. To enhance the effects of CCRT in tumor downsizing, oxaliplatin is added to 
the fluoropyrimidine-based regimen during RT. Several phase III randomized trials 
have failed to demonstrate the superiority of the oxaliplatin-based regimen over 
fluoropyrimidine-based therapy, with only the German CAO/ARO/AIO-04 trial 
demonstrating a positive impact of FOLFOX-based CCRT on pCR[22-24]. However, some 
studies have extended the delivery of FOLFOX after CCRT and revealed that 
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Table 3 Univariate and multivariate analyses for clinical parameters used to predict pCR

Variable Univariate Multivariate

P value OR (95%CI) P value

Age (< 60 yr vs ≥ 60 yr) 0.471 0.556 (0.096-2.609) 0.464

Sex (female vs male) 0.416 1.722 (0.327-9.531) 0.515

Location (colon vs rectum) 0.107 2.615 (0.498-14.826) 0.251

cT stage (T4a vs T4b) 0.247 1.221 (0.218-7.667) 0.821

cN stage (N0 vs N+) 0.152 0.415 (0.104-1.337) 0.145

Tumor grade (WD/MD vs PD) 0.509 3.071 (0.341-70.370) 0.337

CEA (≤ 5 vs > 5) 0.894 0.611 (0.106-3.136) 0.556

Neoadjuvant chemotherapy (FOLFOX vs capecitabine) 0.037a 4.755 (2.118-88.203) 0.046a

Radiation dose (< 50 Gy vs ≥ 50 Gy) 0.265 0.507 (0.058-3.187) 0.478

Radiation-surgery interval (≤ 9 wk vs > 9 wk) 0.074 0.836 (0.013-3.061) 0.107

aP < 0.05.
CEA: Carcinoembryonic antigen; MD: Moderately differentiated; pCR: Pathological complete response; PD: Poorly differentiated; WD: Well differentiated.

Table 4 Comparison of clinical staging with pathologic T and N staging (n = 86)1

Pathologic T staging
Clinical staging

ypT0 ypT1 ypT2 ypT3 ypT4a ypT4b
ypN negative ypN positive Total

cT4a 7 (8.1) 3 (3.5) 5 (5.8) 24 (27.9) 3 (3.5) 2 (2.3) 44 (51.2)

cT4b 6 (7) 0 (0) 7 (8.1) 22 (25.6) 4 (4.6) 3 (3.5) 42 (48.8)

cN negative 6 (7) 1 (1.1) 7 (8.1)

cN positive 66 (76.8) 13 (15.1) 79 (91.9)

Total 13 (15.1) 3 (3.5) 12 (13.9) 46 (53.5) 7 (8.1) 5 (5.8) 72 (83.8) 14 (16.2) 86 (100)

c: Clinical (in this case evaluated by imaging); ypT: Pathologic T-stage posttreatment; ypN: Pathologic N-stage posttreatment.
1Two patients (T4bN2M0 and T4aN2M0) did not undergo surgical resection.

extending the oxaliplatin regimen resulted in higher rates of pCR and major regression 
compared with the delivery of FOLFOX only during RT (as done in the 
aforementioned phase III trials)[25,26]. To summarize, despite the disappointing results 
of concurrently administering oxaliplatin during RT, some studies have demonstrated 
that implementing a more intense neoadjuvant chemotherapy regimen either before 
radiation[27,28] or concurrently with radiation[29,30] or extending administration of 
chemotherapy to the resting period between RT and surgery[31-33] resulted in improved 
oncological outcomes. In our study, we delivered FOLFOX prior to, concurrently with, 
and following RT for most patients with cT4 CRC (86%) in an attempt to maximize the 
effects of CCRT on tumor regression for those with locally advanced adherent CRC. 
The remaining patients with cT4 disease received capecitabine only during RT because 
the neoadjuvant FOLFOX regimen plus RT was unavailable at that time.

Radiation-induced tumor regression is time dependent[17,31]. In this study, a long 
interval between radiation and surgery tended to be associated with high pCR rates (P 
= 0.074), possibly because we included only locally advanced T4 CRC for analysis; 
advanced tumors require high-intensity treatment. Garcia et al[26] reported that adding 
cycles of mFOLFOX6 during the radiation-surgery interval and prolonging the interval 
between radiation and surgery could increase pCR rates. Liang et al[34] observed that 
the addition of chemotherapy during the resting period, with a long interval between 
radiation and surgery, resulted in improved pCR and DFS rates compared with the 
nonaddition of consolidation chemotherapy.

The pCR rate in the current study was 14%, which is lower than those reported in 
other studies[23-26]. For rectal cancer treatment, neoadjuvant CCRT resulted in varying 
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Table 5 Univariate and multivariate analyses for clinical parameters used to predict disease-free survival and overall survival

Disease-free survival Overall survival

Multivariate MultivariateVariable Univariate P 
value HR (95%CI) P 

value

Univariate P 
value HR (95%CI) P 

value

Age (< 60 vs ≥ 60 yrs) 0.492 0.770 (0.255-1.618) 0.492 0.729 0.621 (0.314-1.245) 0.177

Sex (female vs male) 0.493 0.773 (0.375-1.626) 0.493 0.678 0.906 (0.442-1.812) 0.783

Location (colon vs rectum) 0.353 0.216 (0.102-1.231) 0.153 0.346 0.291 (0.054-1.154) 0.082

cT stage (T4a vs T4b) 0.127 2.423 (0.604-9.836) 0.258 0.206 2.611 (0.752-9.054) 0.128

cN stage (N0 vs N+) 0.127 0.690 (0.139-3.014) 0.157 0.102 0.336 (0.094-1.087) 0.078

Tumor grade (WD/MD vs PD) 0.335 0.503 (0.098-1.936) 0.413 0.423 0.840 (0.247-2.500) 0.765

CEA (≤ 5 ng/mL vs > 5 ng/mL) 0.418 1.422 (0.614-3.391) 0.383 0.528 1.219 (0.581-2.622) 0.602

Neoadjuvant chemotherapy (FOLFOX vs 
Capecitabine)

0.142 3.549 (0.944-7.467) 0.082 0.117 2.846 (0.860-8.715) 0.158

Radiation dose (< 50 Gy vs ≥ 50 Gy) 0.351 0.291 (0.054-1.154) 0.182 0.327 2.525 (0.347-5.843) 0.221

Radiation-surgery interval (≤ 9 wk vs > 9 wk) 0.086 1.236 (0.792-5.276) 0.097 0.106 2.064 (0.589-7.062) 0.167

ypT stage (ypT3-4 vs ypT0-2) 0.237 2.484 (0.744-5.691) 0.636 0.097 2.150 (0.820-6.123) 0.121

ypN stage (ypN+ vs ypN0) 0.005 3.120 (1.245-8.357) 0.017a 0.073 1.771 (0.435-6.255) 0.405

Lymphovascular invasion (positive vs negative) 0.363 2.503 (0.724-7.788) 0.141 0.175 3.046 (0.961-9.081) 0.069

Perineural invasion (positive vs negative) 0.072 2.649 (0.869-8.976) 0.087 0.091 1.222 (0.323-4.078) 0.757

Resection margin (positive vs negative) 0.001 3.549 (1.004-
12.747)

0.014a 0.013 4.136 (1.675-
10.829)

0.001a

Pathological response (non-pCR vs pCR) 0.045 2.560 (1.186-6.013) 0.042a 0.031 2.977 (1.420-6.369) 0.003a

aP < 0.05.
CEA: Carcinoembryonic antigen; MD: Moderately differentiated; pCR: Pathological complete response; PD: Poorly differentiated; WD: Well differentiated.

Table 6 Failure patterns according to tumor location and clinical tumor stage

Colon Rectum
Recurrence

cT4a (%) cT4b (%) cT4a (%) cT4b (%)

Local/regional only 2 (16.7) 1 (7.7) 1 (3.3) 3 (9.7)

Distant only 1 (8.3) 2 (15.4) 5 (16.7) 5 (16.1)

Local/regional/distant 0 (0) 2 (15.4) 2 (6.6) 2 (6.5)

No recurrence 9 (75) 8 (61.5) 22 (73.4) 21 (67.7)

Total 12 (100) 13 (100) 30 (100) 31 (100)

pCR rates, ranging from 13% to 38%[9,27-29]. Numerous clinical predictors of pCR have 
been identified, and advanced clinical T stage has been associated with a relatively low 
pCR rate[15-17]. Because our study focused on T4 disease, we expected to observe a 
relatively low pCR rate.

MVR has a high R0 resection rate for patients with locally advanced T4 CRC[19,21,35]. 
Such aggressive surgery yields improved outcomes, but at the cost of increases in 
postoperative morbidity and mortality rates. Studies have reported such surgery to be 
associated with morbidity rates of 11%-49% and mortality rates of 0%-9%[19-21,35]. The 
tumor downstaging of T4 disease facilitates complete tumor resection; this may thus 
prevent complications of MVR. In our study, only 13 of 42 patients (31%) with cT4b 
disease required MVR after neoadjuvant CCRT. Qiu et al[36] revealed that MVR was 
required in only seven patients (33.3%) with locally advanced colon cancer. Therefore, 
neoadjuvant CCRT could diminish tumor infiltration and the necessity of MVR, which 
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Figure 1  Disease-free survival and overall survival in patients with T4 colorectal cancer undergoing neoadjuvant chemoradiation therapy 
followed by radical resection.

may subsequently reduce the occurrence of postoperative complications.
The response to neoadjuvant CCRT varies among patients. Numerous studies have 

reported that patients who achieve pCR tend to exhibit excellent tumor control and 
survival[13,32,37]. Therefore, many researchers have identified some predictors of pCR, 
including cT3/4 and N+[15,17,32]. However, few studies have evaluated the response of 
cT4 CRC to CCRT or the predictors of pCR in patients with cT4 CRC undergoing 
neoadjuvant CCRT. In the current study, patients who underwent an intensified 
neoadjuvant therapy and received the FOLFOX regimen before, during, and after RT 
had higher chances of achieving pCR than those who received capecitabine-based 
CCRT. The Chinese FOWARC trial demonstrated that mFOLFOX6-based preoperative 
CCRT had a higher pCR rate than fluorouracil-based treatment[25]. Our preoperative 
intensified regimen was similar to the regimens used in the Chinese FOWARC 
study[33]. Therefore, our results seem to accord with the Chinese FOWARC study.

The current study revealed that R0 resection was associated with favorable DFS and 
OS, which accords with the results of other studies[3,6]. R0 resection rates have been 
reported to range from 40% to 100% in patients with locally advanced T4 CRC who 
underwent radical resection with or without neoadjuvant therapy[10,35,36]. Cukier et al[10] 
analyzed 33 patients, all of whom underwent R0 resection after CCRT, with locally 
adherent colon cancer patients who received neoadjuvant CCRT and MVR. Qiu et al[36] 
studied 21 patients with locally advanced sigmoid colon cancer who underwent 
preoperative CCRT followed by surgery, and they observed an R0 resection rate of 
95.2%. The published R0 resection rates (generally > 90%) in patients who underwent 
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Figure 2 Disease-free survival and overall survival in patients with a negative surgical margin vs those with an involved surgical margin 
and in patients with pathological complete response vs those without. pCR: Pathological complete response.

CCRT followed by surgery were higher than those in patients who underwent surgery 
first (range: 40%-90%).

The benefits of neoadjuvant CCRT for locally advanced colon cancer remain 
controversial. Two single-arm cohort studies have evaluated the role of neoadjuvant 
CCRT in locally advanced colon cancer, and both studies have reported high R0 
resection rates (100% and 95.2%, respectively)[10,36]. Zhou et al[12] compared the 
oncological results of patients (n = 58) with locally advanced colon cancer who 
underwent neoadjuvant FOLFOX-based CCRT followed by surgery with those of 
patients (n = 44) with the same disease who received surgery without neoadjuvant 
CCRT; they determined that neoadjuvant CCRT improved the pCR and resection 
rates, in addition to improving 3-year DFS rates.

We acknowledge some limitations of the current study. First, the sample size was 
relatively small, and the follow-up time was short. Consequently, long-term 
oncological outcomes and adverse events could not be adequately investigated. 
Second, this was a retrospective study; therefore, selection bias was possible. Third, 
chemotherapeutic regimens, radiation doses, and radiation techniques were not 
identical among all enrolled patients.

CONCLUSION
Neoadjuvant CCRT results in high pCR and complete resection rates for patients with 
T4 CRC. The aggressive approach involving the administration of the FOLFOX 
regimen before, during, and after RT proves to be safe and capable of improving pCR 
in patients with cT4 CRC. Negative resection margins and pCR are significantly 
associated with survival. Further prospective randomized studies are warranted to 
validate our results.

ARTICLE HIGHLIGHTS
Research background
Patients diagnosed with clinical T4 colorectal cancer are at high risk of recurrence 
because of difficulty in achieving free surgical margins. Multi-visceral resection is 
needed for the complete resection of the disease.

Research motivation
Patients diagnosed with clinical T4 colorectal cancer are at high risk of recurrence 
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because of difficulty in achieving free surgical margins. Multi-visceral resection is 
needed for the complete resection of the disease.

Research objectives
Patients diagnosed with clinical T4 colorectal cancer are at high risk of recurrence 
because of difficulty in achieving free surgical margins. Multi-visceral resection is 
needed for the complete resection of the disease.

Research methods
We retrospectively reviewed colorectal cancer (CRC) patients from the database of The 
Kaohsiung Medical University Hospital from August 2010 to September 2018. Eighty-
six patients who completed neoadjuvant chemoradiation and radical resection were 
enrolled for analysis. The neoadjuvant regimens in this study were capecitabine plus 
radiotherapy, and FOLFOX plus radiotherapy. The radiation dose was 45 to 50.4 Gy 
with a daily fraction of 1.8 or 2 Gy. We used multivariate logistic regression analysis to 
identify independent predictors of pathological complete response (pCR). Using 
Kaplan-Meier method and log-rank test, we measured the disease-free survival (DFS) 
and overall survival (OS) between groups, where multivariate Cox proportional 
hazard models were used to analyze the impact of pCR and resection margins as 
prognostic factors.

Research results
The rates of pCR and R0 resection were 14% and 91.9%, respectively. Nineteen patients 
(22.1%) developed distant metastases and local recurrence was found in 13 patients 
(15.1%). Patients who underwent FOLFOX plus radiotherapy were more likely to 
achieve pCR compared to those who received capecitabine plus radiotherapy (P = 
0.046). Multivariate analysis revealed that an R0 resection was associated with 
favorable DFS (P = 0.014) and OS (P = 0.001), and the pCR group obtained better DFS (
P = 0.042) and OS (P = 0.003) than the non-pCR group.

Research conclusions
Neoadjuvant chemoradiation results in high rates of pCR and complete resection for 
patients with T4 CRC. R0 resection and pCR are significant predictors of favorable 
survival.

Research perspectives
Neoadjuvant chemoradiation should be considered as one of the treatment options in 
T4 colon and rectal cancer. Further prospective randomized studies are warranted to 
validate our results.
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