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Abstract

Background and Objectives: To investigate critical prognostic factors for local recurrence in
patients with rectal adenocarcinoma.

Methods: We enrolled 221 consecutive patients who had histologically confirmed adenocarcinoma of
the rectum and underwent surgery in our hospital between January 2000 and December 2014. Total
mesorectal excision was performed in all patients undergoing a sphincter-sparing procedure or
abdominal perineal resection of rectal cancer. To evaluate prognostic factors for local recurrence, we
performed univariate and multivariate Cox regression analyses of the local recurrence rate in all
patients. Overall survival rates were calculated using the Kaplan—Meier method, and Kaplan—Meier
survival curves were compared using the log-rank test.

Results: After the inclusion of only model variables of local recurrence with the highest or lowest
univariate risk, a tumor size of <5 cm, a negative circumferential margin, well-to-moderately
differentiated adenocarcinoma, low anterior resection, not receiving adjuvant RT, pathological T1-T3
stages, and upper- and middle-third rectal cancers were identified as strong prognostic factors with
hazard ratios of 0.18, 0.20, 0.03, 0.01, 0.25, 0.18 and 0.18, respectively (95% confidence intervals [Cls],
0.06-0.58, 0.05-0.82, 0.03-0.38, 0.04-0.23, 0.05-0.64,0.09-0.70 and 0.06—0.54, respectively). After the
multivariate Cox regression analysis of the local recurrence rate, a pathological tumor size of 25 cm was
identified as the only prognostic risk factor (95% Cl, 0.03-0.66; P = 0.013). The 5-year local recurrence
rates among the patients having tumors measuring <5 cm and 25 cm in size were 1.40% and 23.00%,
respectively (log-rank, P = 0.0001). The 5-year overall survival rates in the patients having tumors
measuring <5 cm and 25 cm in size were 82.60% and 71.20%, respectively (log-rank, P = 0.001).

Conclusion: A pathological tumor size of 25 cm is an independent prognostic factor for local
recurrence in rectal adenocarcinoma.
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Introduction

In Taiwan, mortality from colorectal cancer
(CRC) has consistently increased over the years [1].
Surgical resection is the primary treatment modality
for CRC, and the most powerful method for assessing
prognosis following a potentially curative surgery is
the pathological analysis of the resected specimen.
However, although colon and rectal cancers share

many features, some crucial differences are present
between these two cancers, which include the
tendency of rectal cancer (but not of colon cancer) to
recur locally [2, 3]. Local recurrence of rectal cancer is
common (15%-45%) after a standard surgery and is
often catastrophic [2-5]. Moreover, local recurrence is
difficult to cure, and the associated symptoms are
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debilitating. Therefore, preventing or predicting local
recurrence is one of the main goals in rectal cancer
treatment.

Most rectal tumors are carcinomas [6]. Other
histological types such as neuroendocrine neoplasms,
hamartomas, mesenchymal tumors, and lymphomas
are relatively unusual. Of the carcinomas, >90% are
adenocarcinomas [6, 7]. However, most studies have
included colon and rectal cancers with mixed
pathological types instead of the same anatomical site
or all adenocarcinomas [7-9]. Until now, the most
powerful method for assessing prognosis following a
potentially curative surgery for CRC is the
pathological analysis of the resected specimen [7, 10,
11]. Although parameters that determine the
pathological stage are the strongest predictors of
postoperative  outcomes, other clinical and
histological features may influence the prognosis
regardless of the stage [11, 12]. The actual prognostic
factors of local recurrence in rectal adenocarcinoma
following a surgery cannot be adequately
extrapolated. In this study, we recruited Asian
patients with rectal adenocarcinoma who underwent
surgery.

The assessment of prognosis in patients with
rectal adenocarcinoma is crucial with respect to
surveillance and selection of neoadjuvant or adjuvant
therapy [13-16]. Therefore, this study investigated
critical prognostic factors for local recurrence in
patients with rectal adenocarcinoma.

Patients and Methods

Study Patients

We enrolled 221 consecutive patients who had
histologically confirmed adenocarcinoma of the
rectum and underwent surgery at the Taipei Medical
University-Wan Fang Hospital between January 2000
and December 2014. All enrolled patients were

Taiwanese (Asian population). In addition, we
included patients who received neoadjuvant
treatments such as neoadjuvant concurrent

chemoradiotherapy (CCRT; n = 31). Inclusion criteria
comprised undergoing neoadjuvant CCRT for rectal
adenocarcinoma, receiving a diagnosis of stage II or
III rectal adenocarcinoma, and having tumors with a
large circumference (>1/2). After rectal surgery, the
mean number of total harvested lymph nodes was 18
(standard deviation [SD], 9). The mean follow-up
period was 80 months (SD, 37 months). Clinical and
pathological data were reviewed to evaluate
prognostic factors for the local recurrence of rectal
adenocarcinoma. Adjuvant radiotherapy (RT) and
chemotherapy (CT) are indicated for pT3, pT4, or
lymph node-positive rectal cancer in our hospital [13].
Upper-, middle-, and lower-third rectal

adenocarcinomas were defined as the tumor margins
11-15 cm from, 6-10 cm from, and within 5 cm of the
anal verge, respectively, as measured through rigid
sigmoidoscopy. All tumor sizes in our study were
measured by professional pathologists by using the
three-dimensional maximal diameter, and not only
the horizontal or vertical tumor extent. Our protocols
were reviewed and approved by the institutional
review board at our hospital (TMU-JIRB No.
201503041).

Surgery and Follow-up

Total mesorectal excision (TME) was performed
in all patients undergoing a sphincter-sparing
procedure or an abdominal perineal resection (APR)
of rectal cancer. TME included high ligation of the
inferior mesentery artery and vein; mobilization of the
sigmoid colon, descending colon, or splenic flexure;
and mobilization of the rectum through sharp
dissection with diathermy or scissors under direct
vision in the avascular plane between the visceral
fascia of the mesorectum and the parietal fascia of the
pelvis, as described by Heald et al. [17].

Pathological staging of the disease was
performed according to the American Joint
Committee on Cancer (AJCC) Cancer Staging Manual,
6th edition. Following the surgery, all patients were
enrolled in a surveillance program designed to detect
local recurrence and distant disease. Clinic visits were
scheduled every 3 months for the first 2 years and
then at 6-month intervals for 3 years. At each visit,
pelvic examination was performed and the
carcinoembryonic antigen level was measured.
Abdominal ultrasound or computed tomography was
performed every 6 months. Colonoscopy was
performed after 1 and 3 years. If the patients did not
follow-up at our outpatient department, we contacted
them by telephone or mail. Any symptom potentially
related to local tumor recurrence was investigated
through digital rectal examination, colonoscopy, and
computed tomography or magnetic resonance
imaging. Recurrence was confirmed through biopsy.

Statistical Analysis

The primary endpoint of the study was
confirmation of local recurrence. Patients lost to
follow-up were censored from the time of last
follow-up. Patients with confirmed recurrence
(confirmed by pathological findings) were compared
with those without confirmed recurrence. Continuous
variables were expressed as medians (ranges) and
compared using the Mann-Whitney U test, whereas
categorical variables (percentages) were compared
using the chi-squared test or Fisher exact test, when
indicated. Pearson’s correlation analysis was
performed to determine whether the pathological
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tumor size is useful for predicting the local recurrence
of rectal cancer, and receiver operating characteristic
(ROC) curve analysis was conducted to confirm the
predictive value of factors identified as predictors of
local recurrence. Multivariate analysis was performed
using Cox regression analysis for long-term follow-up
(different time, censored data), with only model
variables having the highest or lowest (P < 0.05)
univariate risk being included. Statistical significance
was defined as P < 0.05, whereas results were
described with a hazard ratio (HR) and 95%
confidence interval (CI). All P values were two-tailed.
The cumulative proportion of local recurrence and
survival rate was calculated using the Kaplan-Meier
method. Kaplan-Meier survival curves were
compared using the log-rank test. Statistical analyses
were performed using SPSS, Version 13.0, for
Windows (SPSS Inc., Chicago, IL).

Table 1. Characteristics of patients with rectal cancer with or
without local recurrence following surgery

Local Recurrence No Recurrence P value

(n, %) (n, %)
Men 8 (6.20%) 121 (93.80%)  0.788
Women 7 (6.25%) 85 (93.75%)
Age < 65 years 7 (7.22%) 90 (92.78%) 1.00
Age > 65 years 8 (6.45%) 116 (93.55%)
Pathological stage I 0 (0.00%) 48 (100%) 0.063
Pathological stage II 7 (9.86%) 64 (90.14%)
Pathological stage I11 8 (7.84%) 93 (92.16%)
Adjuvant CT (-) 6 (5.36%) 106 (94.64%)  0.433
Adjuvant CT (+) 9 (8.26%) 100 (91.74%)
Neoadjuvant CCRT (-) 13 (6.46%) 178 (93.54%)  0.243
Neoadjuvant CCRT (+) 3 (9.68%) 28 (90/32%)

Pathological tumor size <5cm 4 (2.78%)
Pathological tumor size >5cm 11 (14.10%)

139 (97.22%)  0.003
67 (85.90%)

Adjuvant RT (-) 9 (4.46%) 193 (95.57%)  0.001
Adjuvant RT (+) 6 (31.58%) 13 (68.42%)

APR (-) 9 (4.46%) 193 (95.57%)  0.001
APR (+) 6 (31.58%) 13 (68.42%)
Upper-third rectum 0(0.00%) 56 (100%) 0.003
Middle-third rectum 5 (7.65%) 93 (93.35%)
Lower-third rectum 10 (14.93%) 57 (85.07%)

WD adenocarcinoma 2 (4.65%) 41 (95.35%) 0.046
MD adenocarcinoma 12 (6.90%) 162 (93.10%)

PD adenocarcinoma 1 (50.00%) 1 (50.00%)

LVI negative 6 (4.58%) 125 (95.42%)  0.150
LVI positive 8 (10.39%) 69 (89.61%)

CRM negative 10 (5.00%) 190 (95.00%)  0.052
CRM positive 6 (28.57%) 15 (71.43%)
Pathological T1-3 12 (5.71%) 198 (94.29%)  0.016
Pathological T4 3(27.27%) 8 (72.73%)
Pathological NO 9 (7.14%) 117 (92.86%) 1.0
Pathological N1-2 6 (6.32%) 89 (93.68%)

APR, abdominal perineal resection; RT, radiotherapy; CT, chemotherapy; CRM:
circumferential margin; WD, well-differentiated; MD, moderately differentiated;
PD, poorly differentiated; LVI, lymphatic vascular invasion; CCRT, concurrent
chemoradiotherapy

Results

We enrolled 221 patients with rectal
adenocarcinoma. The characteristics of these patients
with or without local recurrence following surgery are
presented in Table 1. Of the 221 patients, 129 were
men and 92 were women. The mean age of the
patients was 66 years (SD, 12 years; range, 30-95
years). No significant difference was observed in age,
sex, pathological AJCC stages, open surgery,
laparoscopic surgery, neoadjuvant CCRT, adjuvant
CT, pathological stages, pathological N stages,
lymphatic vascular invasion, or circumferential
margins (CRMs) between the two groups (Table 1).
Moreover, all distal surgical margins in the study
were free, and the mean margin distance from the
distal edge of the tumor was 2.27 cm (SD, 1.52 cm). In
the ROC curve analysis, the sensitivity and specificity
of the tumor size (cutoff, 5 cm) were 73.30% and
79.10%, respectively; the area under the curve was
0.79 (Supplemental Figure 1). Local recurrence was
significantly higher in patients having tumors
measuring =5 cm in size, having lower-third rectal
cancers, having poorly differentiated
adenocarcinoma, having pathological T4 stage,
receiving adjuvant RT, and undergoing APR.
Specifically, the local recurrence rates observed in the
patients having tumors measuring =5 cm in size,
receiving adjuvant RT, undergoing APR, having
lower-third ~ rectal cancers, having  poorly
differentiated  adenocarcinoma, and  having
pathological T4 stage were 21.43%, 14.10%, 31.58%,
31.58%, 14.93%, 50.00%, and 27.27%, respectively. In
addition, the characteristics of patients with different
pathological tumor sizes following surgery are
presented in Table 2. As indicated in Table 2, the
proportion of patients undergoing APR (68.42%),
having a positive CRM (66.67%), and having
pathological T4 stage (72.73%) was significantly
higher among the patients having tumors measuring
>5 cm in size. To examine prognostic factors for local
recurrence, we performed a univariate Cox regression
analysis of the local recurrence rate in the patients
with rectal adenocarcinoma (Table 3). After including
only model variables of local recurrence having the
highest or lowest univariate risk, we observed that a
tumor size of <5 com, a negative CRM,
well-to-moderately differentiated adenocarcinoma,
low anterior resection (LAR), not receiving adjuvant
RT, and upper- and middle-third rectal cancers were
strong prognostic factors. In the univariate analysis,
the HRs of local recurrence for a tumor size of <5 cm,
a negative CRM, well-to-moderately differentiated
adenocarcinoma, LAR, not receiving adjuvant RT,
pathological T1-T3 stages, and wupper- and
middle-third rectal cancers were 0.18, 0.20, 0.03, 0.01,
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0.25, 0.18, and 0.18, respectively (95% CI, 0.06-0.58,
0.05-0.82, 0.03-0.38, 0.04-0.23, 0.05-0.64, 0.09-0.70,
and 0.06-0.54, respectively; Table 3). However, after
the execution of a multivariate Cox regression
analysis of the local recurrence rate in the patients
with rectal cancer, a pathological tumor size of 25 cm
was identified as the only prognostic risk factor (Table
4). The HR of local recurrence for a pathological
tumor size of <5 cm was 0.14 (95% ClI, 0.03-0.66; P =
0.013).

Table 2. Characteristics of patients with rectal cancer having
different pathological tumor sizes following surgery

survival rates among the patients having tumors
measuring <5 cm and =5 cm in size were 82.60% and
71.20%, respectively (log-rank, P = 0.001), and the
5-year local recurrence rates among these patients
were 1.40% and 23.00%, respectively (log-rank, P =
0.0001). Furthermore, as illustrated in Figure 3, the
cumulative curve of local recurrence among all the
patients with rectal cancer exhibited a trend similar to
the curve in Figure 1. No local recurrence was
observed for 75 months after surgery.

Table 3. Univariate Cox regression analysis of local recurrence
rate in patients with rectal cancer

Pathological tumor
size <5 cm (n, %)

Pathological tumor P
size 25 cm (n, %)

value
Upper-third rectum 40 (75.47 %) 16 (24.53%) 0.368
Middle-third 50 (56.18%) 39 (43.82%)
rectum
Lower-third rectum 44 (65.67%) 23 (34.33%)
Adjuvant CT (-) 71 (63.39%) 41 (36.61%) 0.778
Adjuvant CT (+) 72 (66.06%) 37 (33.94%)
Sphincter-saving 137 (67.82%) 65 (32.18%) 0.002
procedure
APR 6 (31.58%) 13 (68.42%)
Adjuvant RT (=) 110 (59.17 %) 59 (40.83%) 0.869
Adjuvant RT (+) 33 (63.46%) 19 (36.54 %)
CRM negative 112 (56.00%) 88 (44.00%) 0.012
CRM positive 7 (33.33%) 14 (66.67 %)
Neoadjuvant CCRT 122 (64.21%) 68 (35.79%) 0.288
)
Neoadjuvant CCRT 21 (63.74%) 10 (32.2%)
*)
Pathological T1-3 140 (66.67 %) 70 (33.33%) 0.001
Pathological T4 3 (27.27%) 8 (72.73%)
Pathological NO 81 (64.29%) 45 (35.71%) 0.888
Pathological N1-2 62 (65.26%) 33 (34.74%)
WD 31 (72.09%) 12 (27.91%) 0.100
adenocarcinoma
MD 111 (63.79%) 63 (36.21%)
adenocarcinoma
PD 0 (0.00%) 2 (100.00%)
adenocarcinoma
LVInegative 85 (64.89%) 46 (35.11%) 0.763
LVI positive 52 (67.53%) 25 (32.47%)

HR 95% CI P value

Pathological tumor size < 5cm  0.18 0.06-0.58 0.004
(RG: 25 cm)

CRM negative 0.20 0.05-0.82 0.025
(RG: CRM positive)
WD adenocarcinoma 0.03 0.03-0.38 0.006
(RG: PD adenocarcinoma)
MD adenocarcinoma 0.05 0.01-0.41 0.005
(RG: PD adenocarcinoma)
LVI negative 0.40 0.14-1.17 0.094
(RG: LVI positive)
LAR 0.01 0.04-0.23 0.001
(RG: APR)
Pathological T1-3 0.18 0.05-0.64 0.008
(RG: pathological T4)

Pathological NO 1.02 0.36-2.86 0.975
(RG: pathological N1-2)

No adjuvant RT 0.25 0.09-0.70 0.008
(RG: adjuvant RT)

No adjuvant CT 0.64 0.22-1.79 0.394
(RG: adjuvant CT)

No neoadjuvant CCRT 0.62 0.17-2.20 0.458
(RG: neoadjuvant CCRT)

Age < 65 years 1.07 0.39-2.96 0.892
(RG: >65 years)

Men 0.83 0.30-2.30 0.712
(RG: Women)

Upper- and middle-third 0.18 0.06-0.54 0.002
rectum

(RG: lower-third rectum)

APR, abdominal perineal resection; RT, radiotherapy; CT, chemotherapy; CRM:
circumferential margin; WD, well-differentiated; MD, moderately differentiated;
PD, poorly differentiated; LVI, lymphatic vascular invasion; CCRT, concurrent
chemoradiotherapy

The 5-year overall survival rate, disease-free
survival rate, and local recurrence rate among the
patients with rectal cancer were 79.90%, 82.91%, and
6.79%, respectively. The cumulative curve of local
recurrence among patients having tumors measuring
>5 cm in size was steep within the first 2 years after
surgery, almost reached a plateau after 2 years, and
remained unchanged after 75 months (Figure 1). In
addition, the cumulative proportion of overall
survival among patients having tumors measuring <5
cm or 25 cm in size was calculated using the
Kaplan-Meier method, and Kaplan-Meier survival
curves were compared using the log-rank test (Figure
2). As presented in Figure 2, the 5-year overall

HR, hazard ratio; CI, confidence interval; RG, reference group; RT, radiotherapy;
CT, chemotherapy; APR, abdominal perineal resection; LAR, lower anterior
resection; CRM: circumferential margin; WD, well-differentiated; MD, moderately
differentiated; PD, poorly differentiated; LVI, lymphatic vascular invasion; CCRT,
concurrent chemoradiotherapy

Table 4. Multivariate Cox regression analysis of local recurrence
rate in patients with rectal cancer

HR 95% CI P value

Men versus Women 1.83 0.48-5.02 0371
Age < 65 years 0.89 0.22-3.67  0.871
Pathological tumor size <5 cm 0.14 0.03-0.66  0.013
Upper- and middle-third rectum 0.41 0.08-2.23  0.304
LAR 0.34 0.05-246  0.323
No adjuvant RT 0.33 0.08-1.47  0.147
No adjuvant CT 1.96 0.45-8.62 0372
No neoadjuvant CCRT 0.35 0.04-2.84  0.323
Pathologic T1-3 0.34 0.05-2.23  0.260
LVI negative 0.24 0.05-7.11  0.068
CRM negative 0.31 0.09-2.45  0.342
WD adenocarcinoma 0.37 0.02-10.15  0.558
MD adenocarcinoma 0.28 0.02-4.79  0.381

HR, hazard ratio; CI, confidence interval; RT, radiotherapy; CT, chemotherapy;
APR, abdominal perineal resection; LAR, lower anterior resection; CCRT,
concurrent chemoradiotherapy
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Discussion

The tumor-node-metastasis (TNM)
staging system of the AJCC and Union for
International Cancer Control is the preferred
staging system for CRC [18]. In general, the
most critical indicator of outcomes after CRC
resection is the pathological AJCC stage at
presentation [18]. The 5-year survival rates
stratified by tumor stage for rectal cancer by
using the AJCC staging criteria differ
significantly; nonetheless, the AJCC stage is
not a prognostic factor for local recurrence
[18]. Notably, the extent of tumor invasion,
but not tumor size, is considered in the AJCC
pathological staging system [18]. Among the
various factors that have been thoroughly
studied for CRC, tumor size [19-21] and
gross tumor configuration [20, 22] have been
determined to not exert a significant impact
on prognosis. However, Kornprat et al
suggested that tumor size can be an adverse
prognostic factor for colon cancer but not for
rectal cancer [23]. They also reported that an
overall tumor size of >4.5 cm was an
independent predictor of poor outcomes;
nevertheless, the optimal cutoff point for size
indicative of adverse prognosis varied with
the anatomical location in the colon,
decreasing from the right to the left [23].
Nevertheless, the study of Kornprat et al.
included a smaller sample size of patients
with rectal cancer (n = 146) than that in our
study (n = 221), and the number of patients
with rectal cancer having tumors measuring
25 cm in size was unclear in their study.
Moreover, the total number of patients with
colon and rectal cancers having tumors
measuring =5 cm in size in their study was
lower than that in our study (n = 37).
Therefore, the cutoff value for tumor size in
their study was 3.4 cm. The optimal cutoff
value with respect to local recurrence
prediction appeared to vary among patients
with rectal adenocarcinoma. All data in the
study of Kornprat et al. were obtained from
the CRC Database of the Institute of
Pathology, Medical University of Graz, Graz,
Austria.

Because data regarding the
pathological type were not available in the
database, the study of Kornprat et al. may
have included other pathological types, such
as neuroendocrine neoplasms, hamartomas,
mesenchymal tumors, and lymphomas, in
their rectal cancers, instead of including only
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rectal adenocarcinoma. Furthermore, they did not
provide details regarding surgical procedures; local
control and survival could have been affected by
different surgical procedures [24-26]. In our study,
TME was performed in all the patients with rectal
adenocarcinoma. TME has been associated with
improved local control and survival rates [27-30]. The
local recurrence rate following the inclusion of a TME
process with an APR or a sphincter-sparing procedure
ranged from 4% to 7% [27-30], which is very similar to
the local recurrence rate in our study (6.79%).
Kornprat et al. did not report on the local recurrence
rate because their endpoint was cancer-specific
survival and progression-free survival. Taken
together, the findings of Kornprat et al. indicate that
tumor size may be an adverse prognostic factor for
colon cancer but not for rectal cancer. In our study, a
pathological tumor size of 25 cm was identified to be
an independent prognostic factor for local recurrence
in patients with rectal adenocarcinoma who
underwent TME. To the best of our knowledge, this
study used the largest sample size of patients with
rectal adenocarcinoma who underwent TME and is
the first to demonstrate a pathological tumor size of
>5 cm as an independent prognostic factor for local
recurrence in patients with rectal adenocarcinoma
who underwent TME.

According to the TNM classification, the T stage
reflects vertical tumor penetration within or beyond
the bowel wall, whereas data regarding the biological
significance of tumor extent, obtained by measuring
the maximum tumor diameter, are scant and
contradictory [18]. Our data indicate a significant
association of tumor size with the T classification and
the AJCC stage instead of the N stage (Table 2). We
assumed that a narrow pelvic space having extensive
peritoneal covering of the rectum might act as an
internal stress for a large-size tumor that consequently
leads to high microscopic tumor seeding to distal
areas, and its removal through surgery can be difficult
[31, 32]. Theoretically, a surgeon should remove 3-5
cm of the mesorectum beyond the primary tumor in
the TME procedure [33]. No tumor implants were
observed beyond 4 cm from the distal edge of the
tumor within the mesorectum [34, 35]. Moreover, no
tumor implants were observed beyond 1 cm of the
tumor in patients with T1 or T2 lesions [35]. However,
the optimal distal edge for tumors measuring =5 cm in
size remains unclear. In our study, all margins were
free, and the mean margin of 2.27 cm from the distal
edge of the tumor might not be adequate for rectal
adenocarcinomas measuring =5 cm in size. We
determined that a pathological tumor size of 25 cm is
an independent prognostic factor for local recurrence
in rectal adenocarcinoma. Therefore, tumor size

should be considered in the AJCC staging system for
more effective estimation of rectal cancer outcomes. In
addition, evaluating the optimal distal edge for
tumors measuring =5 cm in size is crucial in the
future.

Regional lymph node involvement is one of the
strongest predictors of outcomes following surgical
resection of CRC, second only to distant metastasis.
Nodal spread is an indicator for adjuvant therapy for
both colon and rectal cancers. Regarding nodal
disease, Adachi et al. reported a high number of
positive nodes in patients with CRC measuring >6 cm
in size (42% vs. 22%) [36]. However, they reported
that tumor size was not an independent predictor of
local lymphatic spread. These findings are compatible
with those of our study (Table 2). The only difference
between their and our data is that our data are specific
to rectal adenocarcinoma. Adequate lymph nodes
were harvested in our study, and the mean number of
harvested lymph nodes was 18. We did not observe
tumor size to be an independent predictor of local
lymphatic spread.

As presented in Table 3, the HRs of local
recurrence for a tumor size of <5 cm, a negative CRM,
well-to-moderately differentiated adenocarcinoma,
LAR, not receiving adjuvant RT, pathological T1-T3
stages, and upper- and middle-third rectal cancers
were 018, 0.20, 0.03, 0.01, 0.25, 0.18 and 0.18,
respectively (95% ClI, 0.06-0.58, 0.05-0.82, 0.03-0.38,
0.04-0.23,  0.05-0.64,0.09-0.70 and  0.06-0.54,
respectively; Table 3). However, after the execution of
a multivariate Cox regression analysis of the local
recurrence rate in the patients with rectal cancer, a
pathological tumor size of 25 cm was identified as the
only prognostic risk factor (Table 4). Moreover, the
HR of local recurrence for a pathological tumor size of
<5 cm was 0.14 (95% CI, 0.03-0.66; P = 0.013). The
variables of LAR, CRM, differentiated tumors,
adjuvant RT, pathological T stages, and lower-third
rectal cancers had selection bias in the retrospective
data. After the multivariate analysis, only the
pathological tumor size of 25 cm was identified as an
independent predictor. In clinical practice, 68.42% of
patients with rectal adenocarcinoma receive APR
when the tumor size is =5 cm (Table 2). The
sphincter-sparing rate was low in the group of
patients having tumors measuring =5 cm in size
(Table 2). A high number of patients with rectal
adenocarcinoma measuring =5 cm had a positive
CRM (66.67%; Table 2). In rectal cancer, the quality of
the surgical technique and the status of the CRM are
the most crucial predictive factors for both local and
distant recurrence as well as survival [25, 37, 38]. In
our study, TME was performed with adequate
surgical clearance around the penetrating edge of the
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tumor, which reduced the rate of local relapse. With
this approach, all mesorectal soft tissues encasing the
rectum, including the mesentery and all regional
lymph nodes, can be removed intact, and the
circumferential surface is the mesorectal fascia.
However, the sample size of the patients with a
positive CRM in our study was small; thus, we could
not make a scientific conclusion. In addition, CRM
positivity is used as an indicator for adjuvant RT or
CT in our hospital, regardless of the local tumor
extent, particularly for rectal cancer. Adjuvant
treatments might also mask the effect of local
recurrence observed for CRM-positive patients after
the multivariate analysis. In this study, only 10
patients had a large tumor size (=5 cm) and received
neoadjuvant CCRT (Table 2). According to our
previous study, the survival rate, disease-free survival
rate, and sphincter-sparing rate in patients with rectal
cancer improved after the addition of neoadjuvant
CCRT [13]. Therefore, we suggest that neoadjuvant
CCRT can be beneficial for patients with rectal cancer
having large-size tumors, and local control and
overall survival following neoadjuvant CCRT might
be promising in future clinical trials.

Regarding the recurrence pattern, we observed
that more than 80% of patients with local recurrence
of rectal adenocarcinoma underwent TME within 2
years (Figures 1 and 3). However, we did not observe
local recurrence after 75 months. This phenomenon
implies that physicians should closely follow-up
patients with rectal cancer for recurrence within the
first 2 years; the recurrence rate would reach a plateau
after 75 months. In addition, we calculated the
cumulative proportion of the overall survival rate in
the patients having tumors measuring <5 cm or =5 cm
in size by using the Kaplan-Meier method, and
Kaplan-Meier survival curves were compared using
the log-rank test (Figure 2). As presented in Figure 2,
the 5-year overall survival rates among the patients
having tumors measuring <5 cm and =5 cm in size
were 82.60% and 71.20%, respectively (log-rank, P =
0.001). In our experience, local recurrence resulted in
difficulty in re-resection and local infection induced
irreversible sepsis, causing death. Thus, aggressive
treatment for rectal adenocarcinoma measuring =5 cm
in size is warranted for the prevention of local
recurrence.

Conclusion

A pathological tumor size of 25 cm is an
independent prognostic factor for local recurrence in
rectal adenocarcinoma. More than 80% of patients
with rectal adenocarcinoma having local recurrence
underwent TME within 2 years. Furthermore, local

recurrence of rectal adenocarcinoma requiring TME
was not observed after 75 months.

Supplementary Material

Supplementary figure 1.
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