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Background: In most guidelines, upper rectal cancers (URC) are not recommended to
take neoadjuvant or adjuvant radiation. However, the definitions of URC vary greatly. Five
definitions had been commonly used to define URC: 1) >10 cm from the anal verge by
MRI; 2) >12 cm from the anal verge by MRI; 3) >10 cm from the anal verge by
colonoscopy; 4) >12 cm from the anal verge by colonoscopy; 5) above the anterior
peritoneal reflection (APR). We hypothesized that the fifth definition is optimal to identify
patients with rectal cancer to avoid adjuvant radiation.

Methods: The data of stage II/III rectal cancer patients who underwent radical surgery
without preoperative chemoradiotherapy were retrospectively reviewed. The height of the
APR was measured, and compared with the tumor height measured by digital rectal
examination (DRE), MRI and colonoscopy. The five definitions were compared in terms of
prediction of local recurrence, survival, and percentages of patients requiring radiation.

Results: A total of 576 patients were included, with the intraoperative location of 222 and
354 tumors being above and straddle/below the APR, respectively. The median distance
of the APR from anal verge (height of APR) as measured by MRI was 8.7 (range: 4.5–14.3)
cm. The height of APR positively correlated with body height (r=0.862, P<0.001). The
accuracy of the MRI in determining the tumor location with respect to the APRwas 92.1%.
Rectal cancer above the APR had a significantly lower incidence of local recurrence than
those straddle/below the APR (P=0.042). For those above the APR, there was no
significant difference in local recurrence between the radiation and no-radiation group.
Multivariate analyses showed that tumor location regarding APR was an independent risk
factor for LRFS. Tumor height as measured by DRE, MRI and colonoscopy were not
related with survival outcomes. Fewer rectal cancer patients required adjuvant radiation
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using the definition by the APR, compared with other four definitions based on a numerical
tumor height measured by MRI and colonoscopy.

Conclusions: The definition of URC as rectal tumor above the APR, might be the optimal
definition to select patients with stage II/III rectal cancer to avoid postoperative adjuvant
radiation.
Keywords: upper rectal cancer, anterior peritoneal reflection, intraoperative finding, MRI, radiotherapy
INTRODUCTION

Preoperative chemoradiotherapy (CRT) has become an integral
part of the multimodal treatment for stage II and III rectal
cancer. Preoperative CRT has been shown to improve the local
control and sphincter preservation rates, without significant
effect on the overall survival (OS) and disease-free survival
(DFS) (1–3). However, the benefit of radiation for upper rectal
cancer (URC) is not clear. The Dutch TME trial (4) and Swedish
rectal cancer trial (5) demonstrated that, although local
recurrence in the middle and lower rectum was significantly
reduced by preoperative radiation, no significant reduction in
local recurrence was found in patients with URC. Prior to the
widespread use of total mesorectal excision (TME), postoperative
adjuvant radiation was believed to potentially compensate for
suboptimal surgical resection (6). However, with the advances in
systemic chemotherapy and the quality of surgical excision,
especially the increased use of TME, local recurrence of rectal
cancer has decreased dramatically in the last three decades (6, 7).
Moreover, considering the significant long-term side effects of
radiation and a lack of clear benefit for URC, most current
guidelines don’t recommend preoperative or postoperative
radiation for URC (2, 3, 8–10). However, the definitions of
URC vary greatly across these guidelines. In the 2020 NCCN
guidelines, URC was defined as a rectal tumor with inferior
margin located between the anterior peritoneal reflection (APR)
and the sacral promontory, as determined by MRI (1). According
to the 2017 ESMO guidelines, URC was defined as a tumor with
inferior margin located at 10–15 cm from the anal margin, as
measured by rigid sigmoidoscopy (2). In the German Guideline
Program in Oncology (GGPO) 2019 guidelines, URC was
defined as a tumor located at 12–16 cm from the anal verge as
measured by rigid rectoscopy (9). In the Chinese Society of
Clinical Oncology (CSCO) 2018 guidelines, URC was defined as
a tumor located 10 cm above the anal verge, as observed on the
MRI (10).

Although the tumor height-related definitions provide a
reproducible method for defining URC, the body habitus and
sex must be considered during the assessment of tumor location
as, for instance, the rectum is longer in taller patients (3). The
decision to administer radiation solely based on the numerical
tumor height involves anatomical pitfalls. The distance between
the anal margin and the APR varies from 3.5 to 16 cm,
depending on the height, sex and age of the patient (11–14).
Rectal cancers located 3.5–16 cm from the anal verge can also
be intraperitoneal, which is often too large of a range to be
2

reliably targeted with radiation; or it can be extraperitoneal,
which should be amenable to receive radiation. Therefore, some
surgeons propose that the APR could be a suitable landmark for
identifying patients with rectal cancer for radiation (15).
Furthermore, the 2020 NCCN guidelines also suggest that
rectal tumor above the APR should be defined as URC (1).
The overall reported 5-year local recurrence rate for
intraperitoneal and extraperitoneal rectal cancer is 4.2% and
13.3%, respectively (15). There is also growing evidence that
radiation may not be useful for intraperitoneal cancers (16–18).
More importantly, blood-borne metastases or disseminated
disease is predominant among intraperitoneal rectal tumors,
whereas local failure is more frequent among extraperitoneal
tumors. In addition, there is evidence that the rectum above the
APR is quite distinct from that below the APR in terms of
embryology, morphology, function and lymphatic drainage (11).
The APR is a distinct anatomical landmark which could be easily
identified by intraoperative examination and preoperative MRI
(17, 19). Based on these reasons, we hypothesized that the
definition of URC as a rectal tumor above the APR is the
optimal definition to identify patients with stage II/III rectal
cancer that should avoid radiation (11).

Five definitions of URC were used in this study and are as
follows: 1) tumor >10 cm from the anal verge by MRI; 2) tumor
>12 cm from the anal verge by MRI; 3) tumor >10 cm from the
anal verge by flexible colonoscopy; 4) tumor >12 cm from
the anal verge by flexible colonoscopy; 5) rectal tumor above
the APR (1). In this study, we aimed to compare the five different
definitions of URC for predicting OS, DFS and local recurrence
free survival (LRFS), radiation effect and percentages of patients
requiring radiation.
METHODS

Patients
In this retrospective study, all consecutive patients with rectal
cancer who underwent radical resection of the primary tumor
between July 2017 and October 2018 at Changhai Hospital were
included. This study was approved by the Ethics Committee of
Changhai Hospital, which waived the requirement for informed
consent as it was a retrospective study. The study was conducted
in accordance with the principles of the Declaration of Helsinki.
Perioperative clinicopathological parameters, tumor height,
and tumor location relative to the APR were recorded and
maintained in our colorectal cancer database.
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Selection Criteria
Inclusion criteria: 1) adult patients (> 18 years) of either sex with
histopathologically confirmed rectal adenocarcinoma; 2) tumor
within 15cm from the anal verge by flexible colonoscopy; 3)
pathological stage II (T3-4N0M0) or stage III (T1-4N1-2 M0)
rectal cancer; 4) underwent curative resection of primary rectal
cancer; 5) without preoperative CRT.

Exclusion criteria: 1) patients who underwent palliative
resection; 2) positive resection margin (including proximal,
distal and circumferential); 3) synchronous or metachronous
multiple primary colorectal cancer; 4) hereditary colorectal
cancer syndrome; 5) previous history of pelvic radiation; 6)
preoperative concomitant intestinal obstruction or perforation;
7) patients without recurrence who did not complete at least 24
months of follow-up after primary surgery.

Surgery and Histopathological
Assessment
All surgeries were performed by seven chief surgeons, each with
the experience of performing at least 100 operations for
colorectal cancer per year, following a standardized operation
protocol (including standard TME and high vascular ligation of
the inferior mesenteric artery and vein). All resected specimens
were examined using a standardized protocol that included TNM
classification according to the American Joint Committee on
Cancer-International Union Against Cancer (8th edition).
Resection margins, including circumferential, proximal, and
distal margins, were considered positive if tumor cells were
identified within 1 mm of the surgical resection margin.

Postoperative CRT
For middle and lower rectal cancer, preoperative CRT was
recommended to all patients with stage II/III tumor, and some
patients refused. For upper rectal cancer, preoperative CRTwas not
recommended to patients with stage II/III tumor (excluding T4b).
All patients with stage II/III rectal cancer who did not receive
preoperative CRT were recommended to undergo postoperative
CRT, and some patients refused to take postoperative CRT or
chemotherapy. Postoperative adjuvant CRT was initiated 4 weeks
after surgery and continued for 6months. Thedose ofpostoperative
adjuvant radiation was 1.8 to 2.0 Gy daily for a total of 23 to 28
fractions over 5–6 weeks and resulted in a total dose of 46.0 to 50.4
Gy. Postoperative adjuvant radiation was delivered by the three-
field or four-field box technique to the original area of tumor and
mesorectum, presacral region, and the internal iliac lymph nodes.
Postoperative adjuvant concurrent chemotherapy [capecitabine
(1000 mg/m2, twice daily)] was administered orally throughout
the period of radiation treatment. Postoperative adjuvant
chemotherapy (CapeOX or mFOLFOX6) was administered 3
weeks after the completion of radiation and continued for 4–
6 months.

Follow Up
Clinical follow-up consisted of physical examination, DRE, chest
CT scan, liver contrast-enhanced MRI, rectal contrast-enhanced
MRI and the serum level measurement of CEA and CA19-9.
Frontiers in Oncology | www.frontiersin.org 3
These examinations were performed every 3 months for the first
2 years after surgery, every 6 months for another 3 years and
annually thereafter. A flexible colonoscopy was performed
annually for 5 years. The local recurrence and distant
metastasis were confirmed by biopsy when appropriate or
based on the progressive increase in the size of the lesions or
the appearance of new lesions.

Definition of Parameters
Rectal cancer was defined as a large intestine tumor with its lower
margin located within 15cm from the anal verge by flexible
colonoscopy. Local recurrence was defined as evidence of
recurrent disease within the pelvis after radical resection,
including recurrence at the site of anastomosis, the pelvic
cavity and the perineal wound. LRFS was defined as the period
between the date of surgery for primary rectal tumor and the date
of local recurrence, or death from any cause. DFS was defined as
the time between the date of surgery for primary rectal tumor
and the date of local recurrence, distant metastasis or death from
any cause. OS was defined as the time interval between the date
of surgery for primary rectal tumor and the date of death or last
follow-up, with no restriction on the cause of death.

Measurements of Tumor Height and
Tumor Location Relative to the APR
Preoperatively, tumor height was measured by DRE, flexible
colonoscopy and rectal contrast-enhanced MRI. The relationship
between the APR and inferior tumor margin was determined by
preoperative MRI. Both DRE and flexible colonoscopy were
performed by experienced colorectal surgeons. All rectal MRI
images were reviewed by experienced radiologists on the PACS
system. Sagittal and axial T2-weighted images were used for the
identification of the APR. In the midsagittal plane, the APR was
identified as a thin hypointense line extending from the superior
aspect of the urinary bladder (men) or uterus (women) to the
anterior rectal wall (Figure 1A). The height of the tumor was
defined on the sagittal images as the distance from the anal verge to
the inferior tumor margin (Figure 1B). In some cases, it was
necessary to interconnect two or more angulated lines, sometimes
on two or more adjacent sagittal slices for an approximate total
length (13). On axial imaging, the APR attached to the anterior
rectal wall in a V‐shaped hypointense configuration (Figure 1C).
MRI was also used to identify the relationship between the tumor
and theAPRpreoperatively (Figures2A–C,Supplemental Figures
1A–C). The relationship between tumor location and the APR was
also determined intraoperatively by palpation and visualization
Figures 2D–F).All patients had an intraoperative assessment of the
APR. Based on intraoperative findings, rectal cancer patients were
classified into the “above theAPR”group, or the “straddle/below the
APR” group. The accuracy of the MRI in determining tumor
location relative to the APR, was calculated using the
intraoperative finding as the gold standard.

Statistical Analysis
Statistical analysis was performed with the SPSS 22.0 software
(Chicago, IL). The “t” test or Wilcoxon test was used to compare
continuous variables. The Chi-square test or Fisher exact test was
February 2021 | Volume 10 | Article 625459

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gao et al. Definition of Upper Rectal Cancer
used to compare categorical variables. The Pearson correlation
coefficient was used to characterize the agreement between the
measurements by DRE, flexible colonoscopy, and MRI. The
agreement between each pair of measurements was compared
using the Bland and Altman plot. The Kaplan-Meier analysis and
log-rank tests were used to compare survival differences between
two groups. Multivariable Cox proportional hazard analyses
were used to explore the factors affecting OS, DFS, and LRFS.
All parameters which showed statistical significance in the
univariate analysis or had potential clinical significance were
included into the multivariate analysis. The multivariate Cox
Frontiers in Oncology | www.frontiersin.org 4
proportional hazard analysis was employed using the stepwise
method (forward: likelihood ratio) with an entry criterion of
P<0.05 and a removal criterion of P>0.10. For all analyses,
P<0.05 (two-sided) was considered statistically significant.
RESULTS

Patient Characteristics
A total of 576 patients with rectal cancers were included in this
study, with 222 tumors above the APR and 354 tumors straddle/
FIGURE 1 | Identification of the anterior peritoneal reflection (APR) and measurement of tumor height on an MRI. (A) APR (arrow) in the sagittal plane; (B) the height
of the tumor defined as the distance from the anal verge to the inferior tumor margin was measured in sagittal images; (C) APR (arrow) in the axial plane.
A B

D E F

C

FIGURE 2 | Tumor location relative to the anterior peritoneal reflection (APR) as determined by MRI (A–C) and intraoperative palpation and visualization (D–F). The
“☆” in the MRI indicates the tumor. The yellow arrow in the MRI indicates the APR. The green curve in intraoperative finding indicates the APR.
February 2021 | Volume 10 | Article 625459
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below the APR as determined by intraoperative findings. The
flowchart of patient selection is shown in Figure 3. The median
age of patients was 63 years (interquartile range, 54 to 69 years),
and the median follow up period was 22 months (interquartile
range, 18 to 28 months). The demographic, clinicopathological
and treatment data are presented in Table 1.

Of the included 576 patients with rectal cancer, 384 had
preoperative rectal MRI imaging and 102 patients had only
preoperative rectal CT scan in our picture archiving and
communication (PACS) system. The remaining 90 had
preoperative assessment at other hospitals. The APR was
visible in 330 cases (85.9%) on the rectal MRI. The median
distance between the APR and the anal verge was 8.7 (range: 4.5–
14.3) cm (Supplemental Table 1). The median distance between
the APR and the anal verge was significantly higher in the males
compared to females [8.9 (range: 5.3–14.3) cm vs. 8.4 (range:
4.5–12.9) cm, P = 0.001]. The distance of the APR from the anal
verge showed a positive correlation with body height (r = 0.862,
P < 0.001), and could be calculated with the following formula:
distance (cm) = [0.1 × height (cm)] - 8.0. The accuracy of the
MRI in determining tumor location relative to the APR was
92.1%. The accuracy of MRI to identify the tumors above,
straddle and below the APR was 89.1%, 95.3%, and 93.1%,
respectively (Supplemental Table 2). The Kappa value of
tumor location with respect to the APR, as determined by MRI
and intraoperative findings, was 0.881 (P < 0.001).
Frontiers in Oncology | www.frontiersin.org 5
The Relationship Between Tumor Location
Relative to the APR, Postoperative
Radiation and Survival Related Parameters
(OS, DFS, and LRFS)
During the follow-up period, a total of 39 deaths occurred,
including 32 (82.1%) from rectal cancer, 5 (12.8%) from
cardiovascular diseases and 2 (5.1%) from unknown causes.
Eight patients (1.4%) developed local recurrence [1 (0.5%)
patient with tumor above the APR and 7 (2.0%) patients with
tumor straddle/below the APR]. Local recurrence and distant
metastasis occurred in 1.4% and 12.0% of patients at 2 years,
respectively. The actual 2-year rate of OS, DFS and LRFS were
95.0%, 86.8% and 91.5%, respectively.

Rectal cancer above the APR exhibited a significantly lower
incidence of local recurrence than those straddle/below the APR
(P=0.042, Figure 4A). No significant difference was identified
for OS and DFS between the two groups (Supplemental Figures
2A and 3A). No significant difference was identified for OS
(Supplemental Figure 2B), DFS (Supplemental Figure 3B) and
LRFS (Figure 4B) between the radiation group and the no-
radiation group. Subgroup analyses revealed that, for patients
with rectal cancer above the APR, there was no significant
difference in LRFS between the radiation group and the no-
radiation group (Figure 4C). For patients with rectal cancer
straddle/below the APR, the radiation group had significant
longer LRFS than the no-radiation group (Figure 4D).
FIGURE 3 | Flow chart of patient selection.
February 2021 | Volume 10 | Article 625459
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Univariate and Multivariate Analyses
of Risk Factors Affecting OS, DFS,
and LRFS
Univariate and multivariate analyses demonstrated that
the degree of tumor differentiation, tumor deposits,
lymphovascular invasion and perineural invasion were
independent risk factors affecting OS (Supplemental Table 3).
Postoperative pathological TNM stage, tumor deposit and
Frontiers in Oncology | www.frontiersin.org 6
lymphovascular invasion were independent risk factors
affecting DFS (Supplemental Table 3). Postoperative
pathological TNM stage, differentiation, tumor deposit,
perineural invasion, tumor budding, postoperative radiation
[0.20(0.08-0.46), P < 0.001], postoperative chemotherapy [0.44
(0.24–0.81), P = 0.008] and tumor location with regards to the
APR [1.97(1.04–3.72), P=0.038] were independent predictors of
LRFS (Table 2).
TABLE 1 | The demographic, clinicopathological and treatment details of the study patients.

Parameters Tumor location in relation to the APR P value

Above (n=222) Straddle or below (n=354)

Sex (Male/Female) 154/68 241/113 0.745
Age (year) 61.35±10.87 61.34±10.74 0.987
Body height (cm) 166.39±8.24 166.17±7.80 0.750
Body weight (kg) 66.74±11.90 64.70±10.65 0.038
BMI (kg/m2) 23.99±3.24 23.36±3.05 0.019
Tumor diameter (cm)* 4.17±1.40 4.18±1.45 0.969
Tumor height by DRE (cm)* 6(4–8); n=74 4(0–8); n=325 <0.001
Tumor height by colonoscopy (cm)* 10(4–15); n=215 4(0–15); n=346 <0.001
Tumor height by MRI (cm)* 9(4.4–15); n=127 5(0–13); n=257 <0.001
Preoperative T stage 1 6(33.3%) 12(66.7%) 0.610

2 59(38.3%) 95(61.7%)
3 147(38.2%) 238(61.8%)
4 10(52.6%) 9(47.4%)

Preoperative N stage 0 97(40.6%) 142(59.4%) 0.587
1 83(38.2%) 134(61.8%)
2 42(35.0%) 78(65.0%)

Preoperative TNM stage I 21(43.8%) 27(56.3%) 0.614
II 76(39.8%) 115(60.2%)
III 125(37.1%) 212(62.9%)

Postoperative pathological TNM stage II 107(42.5%) 145(57.5%) 0.088
III 115(35.5%) 209(64.5%)

Differentiation Well 2(40.0%) 3(60.0%) 0.624
Moderate 196(39.3%) 303(60.7%)
Poor 24(33.3%) 48(66.7%)

Tumor deposit No 186(38.8%) 294(61.3%) 0.818
Yes 36(37.5%) 60(62.5%)

Lymphovascular invasion No 181(40.0%) 272(60.0%) 0.181
Yes 41(33.3%) 82(66.7%)

Perineural invasion No 159(38.7%) 252(61.3%) 0.910
Yes 63(38.2%) 102(61.8%)

Tumor budding No 164(37.4%) 275(62.6%) 0.296
Yes 58(42.3%) 79(57.7%)

dMMR status pMMR 210(38.2%) 340(61.8%) 0.414
dMMR 12(46.2%) 14(53.8%)

KRAS Wild type 131(40.1%) 196(59.9%) 0.391
Mutant type 91(36.5%) 158(63.5%)

NRAS Wild type 211(38.2%) 341(61.8%) 0.453
Mutant type 11(45.8%) 13(54.2%)

BRAF Wild type 217(38.5%) 347(61.5%) 0.822
Mutant type 5(41.7%) 7(58.3%)

Postoperative radiation Yes 186(43.3%) 244(56.7%) <0.001
No 36(24.7%) 110(75.3%)

Postoperative chemotherapy Yes 37(34.3%) 71(65.7%) 0.310
No 185(39.5%) 283(60.5%)

CEA <5 ng/ml 146(37.9%) 239(62.1%) 0.664
>= 5 ng/ml 76(39.8%) 115(60.2%)

CA199 < 37 U/ml 198(38.6%) 315(61.4%) 0.939
>= 37 U/ml 24(38.1%) 39(61.9%)
February 2021 | Volume 10 | Article
*Median (range). BMI, body mass index; DRE, digital rectal examination; APR, anterior peritoneal reflection; dMMR, deficient mismatch repair; pMMR, proficient mismatch repair.
In bold: p < 0.05.
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Consistency of Tumor Height Measured by
DRE, MRI, and Flexible Colonoscopy
All patients underwent DRE and the inferior tumor margin could
be reached by an examiner’s finger in 399 cases. In addition, 576
patients had undergone a flexible colonoscopy, and 384 received
rectal contrast MRI preoperatively. The tumor height in 290
cases, as measured by DRE and MRI, were correlated with each
other (Pearson correlation coefficient R = 0.723, Supplemental
Figure 4A), as indicated by the regression equation (y = 0.79x +
1.93). The tumor height measured by DRE was correlated with
that measured by colonoscopy in 394 cases (R = 0.785, y = 1.11x
-0.30, Supplemental Figure 4B). The tumor height measured by
colonoscopy was correlated with that measured by MRI in 377
cases (R = 0.822, y = 0.67x + 2.58, Supplemental Figure 4C).
Frontiers in Oncology | www.frontiersin.org 7
To estimate the degree of measurement difference in each
individual, we used the Bland and Altman plot. In the scatter plot
between DRE and MRI (Supplemental Figure 4D), the mean
difference was –1.1 cm (95% CI: –4.2 to 2.1 cm). Similarly, the
mean difference between DRE and colonoscopy was –0.2 cm
(95% CI: –3.7 to 3.3 cm) (Supplemental Figure 4E), and the
mean difference between colonoscopy and MRI was –0.7 cm
(95% CI: –4.8 to 3.4 cm) (Supplemental Figure 4F).

The Relationship Between Survival Related
Parameters and Tumor Height as Measured
by DRE, MRI, and Flexible Colonoscopy
Kaplan-Meier analyses found no significant difference in OS,
DFS, or LRFS between these two groups divided by a fixed tumor
A B

DC

FIGURE 4 | The relationship between tumor location relative to the APR and local recurrence free survival (A, B), postoperative radiation and local recurrence free
survival (C, D) in patients with rectal cancer. APR: anterior peritoneal reflection.
February 2021 | Volume 10 | Article 625459
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height [colonoscopy and MRI (> 10 vs. <= 10 cm, > 12 vs. <=
12 cm)] (Table 3). Patients with rectal cancer above the APR had
significantly longer LRFS than those straddle/below the APR (P =
0.046), but not for OS or DFS (Table 3).
Different Percentages of rectal Cancer
Patients Requiring Radiation Based on the
Five Commonly Used Definitions of URC
Most guidelines do not recommend patients with stage II/III
URC to receive neoadjuvant or adjuvant radiation. However, the
definition of URC varied greatly in different guidelines. Here we
compared the percentages of rectal cancer patients requiring
radiation based on the five commonly used definitions of
URC. The results demonstrated that fewer patients required
radiation using the definition based on the APR (61.5%)
compared with the other four definitions using a numerical
tumor height measured by MRI and colonoscopy (64.2%–
100.0%, Table 4).
Frontiers in Oncology | www.frontiersin.org 8
DISCUSSION

Although most current guidelines do not recommend radiation
for URC, the definitions of URC vary greatly across these
different guidelines. The present study showed that the height
of the APR, which correlates with sex and body height, is a
distinct and individualized landmark. Rectal cancer above the
APR had a significantly lower incidence of local recurrence than
those that straddle/below the APR. Univariate and multivariate
COX analyses demonstrated that tumor location relative to the
APR was an independent risk factor of LRFS, while other tumor
height related parameters measured by DRE, colonoscopy and
MRI were not related to OS, DFS, or LRFS. Subgroup analyses
showed that, only in patients with rectal cancer straddle/below
the APR, the radiation group had significant longer LRFS than
the no-radiation group. Moreover, fewer rectal cancer patients
required radiation when URC was defined by the APR compared
with those defined by the other four definitions. Hence, we
suggest that the definition of URC as a rectal tumor above the
TABLE 2 | Univariate and multivariate analyses of risk factors of LRFS using a Cox regression model (n = 576).

Parameters LRFS

Univariate Multivariate

HR(95%CI) P HR(95%CI) P

Gender (male vs. female) 0.96(0.53–1.73) 0.894
BMI (>=23.59 vs. <23.59kg/m2) 1.05(0.61–1.82) 0.850
Diameter (>=4 vs. <4cm) 1.09(0.62–1.92) 0.756
Postoperative pathological TNM stage (III vs. II) 3.10(1.60–6.04) 0.001 2.38(1.13–5.04) 0.023
Differentiation (Poor vs. Well/moderate) 2.29(1.17–4.46) 0.015 2.39(1.19–4.78) 0.014
Tumor deposit (Yes vs. No) 3.47(2.00–6.05) <0.001 2.70(1.45–5.02) 0.002
Lymphovascular invasion (Yes vs. No) 2.43(1.39–4.25) 0.002 1.18(0.62–2.24) 0.608
Perineural invasion (Yes vs. No) 3.39(1.96–5.86) <0.001 2.72(1.55–4.79) 0.001
Tumor budding (Yes vs. No) 2.59(1.44–4.66) 0.002 2.62(1.45–4.76) 0.002
dMMR status (dMMR vs. pMMR) 0.46(0.06–3.32) 0.440
KRAS (Mutant vs. Wild) 1.43(0.83–2.46) 0.198
NRAS (Mutant vs. Wild) 0.05(0.00–28.92) 0.351
BRAF (Mutant vs. Wild) 0.05(0–1697.75) 0.571
Postoperative radiation (Yes vs. No) 0.47(0.21–1.03) 0.060 0.20(0.08–0.46) <0.001
Postoperative chemotherapy (Yes vs. No) 0.41(0.23–0.72) 0.002 0.44(0.24–0.81) 0.008
CEA (>= 5 vs. <5 ng/ml) 1.45(0.84–2.52) 0.184
CA19-9 (>= 37 vs. <37U/ml) 2.44(1.26–4.75) 0.009 1.79(0.88–3.65) 0.107
Tumor location relative to the APR (straddle/below vs. above) 1.89(1.01–3.55) 0.046 1.97(1.04–3.72) 0.038
February
 2021 | Volume 10 | Article
BMI, body mass index; APR, anterior peritoneal reflection; dMMR, deficient mismatch repair; pMMR, proficient mismatch repair.
In bold: p < 0.05.
TABLE 3 | Kaplan-Meier analysis of the relationship between tumor height-related parameters and survival outcomes.

Parameters OS DFS LRFS

HR(95%CI) P HR(95%CI) P HR(95%CI) P

Tumor height by MRI (<=10 vs. >10 cm) 0.91(0.26–3.16) 0.887 0.67(0.30–1.48) 0.324 0.41(0.13–1.35) 0.143
Tumor height by MRI (<=12 vs. >12 cm) 1.41(0.32–6.16) 0.648 0.21(0.03–1.53) 0.124 0.33(0.05–2.41) 0.274
Tumor height by colonoscopy (<=10 vs. >10 cm) 1.54(0.76–3.14) 0.230 1.35(0.86–2.10) 0.187 1.05(0.57–1.94) 0.880
Tumor height by colonoscopy (<=12 vs. >12 cm) 2.02(0.87–4.65) 0.100 1.58(0.91–2.76) 0.106 1.91(0.96–3.83) 0.067
Tumor location in relation to the APR (straddle/below vs. above) 1.01(0.50–2.01) 0.983 1.20(0.78–1.85) 0.416 1.89(1.01–3.55) 0.046
6

In bold: p < 0.05.
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APR might be the optimal definition in selecting patients with
stage II/III rectal cancer to avoid radiation.

To the best of our knowledge, this is the first study focusing on
the definition of URC in identifying patients with stage II/III
rectal cancer that should avoid radiation. The 2020 NCCN
guidelines defined URC as a rectal tumor above the APR, but it
recommended that all patients with URC should receive
neoadjuvant or adjuvant radiation (1). In this study, we found
that the optimal definition of URC was rectal tumors above the
APR, and for these patients there was no significant difference
between the radiation group and the no-radiation group in terms
of OS, DFS and LRFS. The tumor location relative to the APR can
be determined by intraoperative findings and preoperative rectal
MRI, and the APR can be easily identified during open or
laparoscopic surgery (12, 14). For the selection of postoperative
radiation, intraoperative determination of the tumor location
relative to the APR is more direct and accurate. When it comes
to the selection of preoperative radiation, preoperative rectal MRI
is the most useful test to identify the APR. The APR was visible in
85.9% cases in this study, which is similar to other previous
studies (13, 20). Our results showed that the accuracy of using the
MRI for determining tumor location relative to the APR was
89.1%, 95.3%, and 93.1% for tumors above, straddle and below
the APR, respectively. Corresponding percentages in other studies
were 70%, 50%, and 98.2% (20), and 93.5%, 90.0%, and 84.6%
(17), respectively, which are similar to our results (17, 20).

The height of APR varies greatly in patients of different sex
and body height. Several studies have measured the distance of
the APR from the anal verge by intraoperative rigid
sigmoidoscopy. In an American study of 50 patients, the mean
height of the APR was 9 cm (range: 5.5–13.5 cm) for females, and
9.7 cm (7–16 cm) for males (14). In a Korean study of 46
patients, the mean height of the APR was 8.8 ± 2.2 cm for males
and 8.1 ± 1.7 cm for females (12). The position of the APR can
also be assessed by rectal MRI. A large study (n=319) using MRI
to measure the APR showed that there was a significant
difference in the height of the APR between females and males
(10.4 ± 1.1 cm vs. 10.0 ± 1.2 cm, P=0.014) (20). Our results
showed that the median height of APR measured by MRI was
8.7 cm (4.5–14.3 cm) and positively related with body height,
which are consistent with published results (12, 14).

The APR divided rectal cancer into two subtypes:
intraperitoneal and extraperitoneal. The local recurrence rate
has been found to be much lower in intraperitoneal compared
to the extraperitoneal rectal cancer patients (15) and is consistent
with our results. The univariate and multivariate analyses of this
Frontiers in Oncology | www.frontiersin.org 9
study showed that only in patients with rectal tumors straddle/
below the APR, the radiation group had significant longer LRFS
than the no-radiation group, which was consistent with the results
of previous works. The Dutch TME trial (4) and Swedish rectal
cancer trial (5) demonstrated that local recurrence was reduced
significantly in middle and lower rectal cancer, but not in URC.
Some studies also suggested that omission of radiation may not
jeopardize oncologic outcomes in stage II/III URC (21). In a
retrospective study of 547 URC cases, only in high-risk patients
(positive lymph node > 6, or tumor deposit) the radiation group
had significant longer cancer-specific survival than the no-
radiation group (22). Our large retrospective study showed that,
for URC with all resection margins negative, there was no
significant difference between the radiation group and the no-
radiation group in terms of OS, DFS and LRFS.

Rigid sigmoidoscopy is recommended for measuring the
height of rectal cancer, but it is performed in only a minority
of patients (23) and is not frequently used in China. Instead,
flexible colonoscopy, DRE and MRI are generally used instead.
The current gold standard for the detection of colorectal cancer is
flexible colonoscopy (24). The ESMO guidelines indicate that the
difference in measurements obtained by rigid versus flexible
colonoscopy is small (25). MRI-based measurements of the
distance between inferior tumor margin and the anal verge is a
reproducible alternative to rigid sigmoidoscopy (23). However,
during rigid sigmoidoscopy, the curve of the rectum is
straightened and may lead to an underestimation of the tumor
height. During MRI evaluation, however, this distance is
measured using the sum of multiple straight lines. In the case
of high cancers, several straight lines are often combined to
follow the curved line of the rectum, which can result in a longer
distance than the actual distance. Our results showed that
measurements by different methods highly correlated with
each other, although significant differences still existed in many
cases (26). Therefore, flexible colonoscopy is an acceptable
alternative for rigid sigmoidoscopy if the latter is unavailable.

Our results demonstrated that the APR is a distinct and
individualized landmark that can be easily identified by
preoperative MRI and intraoperative finding. Patients with
rectal cancer above the APR exhibited a lower incidence of
local recurrence, and there was no significant difference
between the radiation group and the no-radiation group in
terms of OS, DFS and LRFS. Tumor location with respect to
the APR is an independent predictor of LRFS, while other
subdivisions based on a fixed distance measured by DRE, MRI
or colonoscopy were not associated with survival outcomes.
TABLE 4 | The percentages of rectal cancer patients requiring postoperative radiation based on 5 commonly used definitions of URC.

No. Definitions of URC Requiring postoperative radiation Total

Yes No

1 >10 cm from the anal verge by MRI 319(83.1%) 65(16.9%) 384
2 >12 cm from the anal verge by MRI 357(93.0%) 27(7.0%) 384
3 >10 cm from the anal verge by colonoscopy 410(71.2%) 166(28.8%) 576
4 >12 cm from the anal verge by colonoscopy 496(86.1%) 80(13.9%) 576
5 Above the APR 354(61.5%) 222(38.5%) 576
February 2021 | Volume 10 | Article 6
URC, upper rectal cancer; APR, anterior peritoneal reflection.
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Therefore, the definition of URC as a rectal tumor above the APR
is superior to other definitions, based on a fixed tumor height as
measured by MRI and colonoscopy, for selecting patients with
stage II/III rectal cancer that should avoid radiation. This
definition will not only help us to select suitable cases that
should undergo radiation, but also to reduce the incidence of
radiation-related toxicity and medical expenses.

There are several limitations in our study. First, this was a
retrospective study. In clinical practice, physicians may have
preferred to recommend postoperative radiation to high risk
patients. Therefore, selection bias is unavoidable. Second,
patients with positive resection margin were excluded in this
study. Adjuvant radiation might also be needed for some URC
patients receiving R1/R2 resection. Third, the included patients did
not receive preoperative CRT as recommended by the NCCN and
ESMO guidelines due to various reasons. In Asian countries
(China, Japan, Korean), postoperative adjuvant CRT or adjuvant
chemotherapy is considered the treatment of choice for stage II or
III rectal cancer, especially for low risk cases and those with URC
(22). Fourth, we do not have the data of tumor location measured
by rigid sigmoidoscopy, which is not frequently used in China. The
ESMO guidelines indicate that the difference in measurements
obtained by rigid versus flexible colonoscopy is small (25).
Therefore, the tumor height measured by flexible colonoscopy
can, to some extent, replace the measurement by rigid colonoscopy.
CONCLUSION

The definition of URC as a rectal tumor above the APR might be
better than other definitions based on a numerical tumor height
measured by MRI and colonoscopy in selecting patients with
stage II/III rectal cancer to avoid adjuvant radiation. The
tumor location relative to the APR could be recorded in the
preoperative rectal MRI imaging, intraoperative surgical records
and postoperative histopathology reports for prognostication
and treatment planning (especially adjuvant radiation).
However, further prospective RCTs with a larger sample size
are required to validate the findings of this study.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethical committee at Changhai Hospital.
Frontiers in Oncology | www.frontiersin.org 10
AUTHOR CONTRIBUTIONS

FS, LL, and WZ conceptualized the study. XG, BZ, and JL
conducted the data curation and wrote the original draft. XG
and JL performed the formal analysis. XG acquired the funding.
JK, HG, CB, ML, and SZ conducted the investigation. XG
developed the methodology. FS and WZ provided the
resources. FS, LL, and WZ supervised the study. XG, BZ, JL,
JK, HG, CB, ML, SZ, FS, LL, and WZ wrote, reviewed, and edited
the manuscript. All authors contributed to the article and
approved the submitted version.
FUNDING

This study was supported by Shanghai Pujiang Program
(#2019PJD052) and the National Natural Science Foundation
of China (#81572332).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
625459/full#supplementary-material

Supplementary Table 1 | The distance between the anal verge and the APR
(cm) as measured by MRI.

Supplementary Table 2 | Tumor location relative to the APR as determined by
MRI and intraoperative findings.

Supplementary Table 3 | Univariate and multivariate analyses of risk factors of
OS and DFS using a Cox regression model (n = 576).

Supplementary Figure 1 | Tumor location relative to the anterior peritoneal
reflection (APR) as determined by MRI (A–C) and intraoperative palpation and
visualization (D–F). The “☆” in the MRI indicates the tumor. The yellow arrow in the
MRI indicates the APR. The green curve in intraoperative finding indicates the APR.

Supplementary Figure 2 | The relationship between tumor location relative to
the APR and overall survival (A, B), postoperative radiation and overall survival
(C, D) in patients with rectal cancer. APR, anterior peritoneal reflection.

Supplementary Figure 3 | The relationship between tumor location relative to
the APR and disease free survival (A, B), postoperative radiation and disease free
survival (C, D) in patients with rectal cancer. APR, anterior peritoneal reflection.

Supplementary Figure 4 | Comparison of tumor height measured by digital
rectal examination (DRE), MRI and flexible colonoscopy. Scatter plots of
discrepancies between the DRE and MRI (A), the DRE and colonoscopy (B), the
colonoscopy and MRI (C); Bland-Altman graphs (D–F) illustrate the variability
between two measurements: mean (central blue line) and 95% confidence intervals
(upper and lower red lines).
REFERENCES

1. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen Y, Ciombor KK,
et al. NCCN clincal practice guidelines in onology, version 1.2020-December 19,
2019. rectal cancer. National Comprehensive Cancer Network (2005). Available
at: https://www.nccn.org/professionals/physician_gls/pdf/rectal.pdf.
2. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rodel C, Cervantes A, et al.
Rectal cancer: ESMO clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol (2017) 28:iv22–40. doi: 10.1093/annonc/mdx224

3. Monson JR, Weiser MR, Buie WD, Chang GJ, Rafferty JF, Buie WD, et al.
Practice parameters for the management of rectal cancer (revised). Dis Colon
Rectum (2013) 56:535–50. doi: 10.1097/DCR.0b013e31828cb66c
February 2021 | Volume 10 | Article 625459

https://www.frontiersin.org/articles/10.3389/fonc.2020.625459/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.625459/full#supplementary-material
https://www.nccn.org/professionals/physician_gls/pdf/rectal.pdf
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.1097/DCR.0b013e31828cb66c
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gao et al. Definition of Upper Rectal Cancer
4. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T,
et al. Preoperative radiotherapy combined with total mesorectal excision for
resectable rectal cancer. N Engl J Med (2001) 345:638–46. doi: 10.1056/
NEJMoa010580

5. Folkesson J, BirgissonH, Pahlman L, Cedermark B, Glimelius B, Gunnarsson U.
Swedish Rectal Cancer Trial: long lasting benefits from radiotherapy on survival
and local recurrence rate. J Clin Oncol (2005) 23:5644–50. doi: 10.1200/
JCO.2005.08.144

6. Martella A, Willett C, Palta M, Czito B. The selective use of radiation therapy
in rectal cancer patients. Curr Oncol Rep (2018) 20:43. doi: 10.1007/s11912-
018-0689-7

7. Kosinski LA, Greene FL. Perfect treatment in an imperfect world: surgery
alone or radiation for node positive rectal cancer? Dis Colon Rectum (2014)
57:130–2. doi: 10.1097/dcr.0000000000000000

8. Clancy C, Flanagan M, Marinello F, O’Neill BD, McNamara D, Burke JP.
Comparative oncologic outcomes of upper third rectal cancers: a meta-
analysis. Clin Colorectal Cancer (2019) 18:e361–7. doi: 10.1016/j.clcc.2019.
07.004

9. German Guideline Program in Oncology. Evidenced-based Guideline for
Colorectal Cancer, Version 2.1, Januar 2019. German Guideline Program in
Oncology Office (2019). Available at: https://www.leitlinienprogramm-
onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Kolorektales_
Karzinom/Version_2/GGPO_Guideline_Colorectal_Cancer_2.1.pdf.

10. Diagnosis,Treatment Guidelines For Colorectal Cancer Working Group C.
Chinese Society of Clinical Oncology (CSCO) diagnosis and treatment
guidelines for colorectal cancer 2018 (English version). Chin J Cancer Res
(2019) 31:117–34. doi: 10.21147/j.issn.1000-9604.2019.01.07

11. Ewing MR. The significance of the level of the peritoneal reflection in the
surgery of rectal cancer. Br J Surg (1952) 39:495–500. doi: 10.1002/
bjs.18003915804

12. Yun HR, Chun HK, Lee WS, Cho YB, Yun SH, Lee WY. Intra-operative
measurement of surgical lengths of the rectum and the peritoneal reflection in
Korean. J Korean Med Sci (2008) 23:999–1004. doi: 10.3346/jkms.2008.23.
6.999

13. Gollub MJ, Maas M, Weiser M, Beets GL, Goodman K, Berkers L, et al.
Recognition of the anterior peritoneal reflection at rectal MRI. AJR Am J
Roentgenol (2013) 200:97–101. doi: 10.2214/AJR.11.7602

14. Najarian MM, Belzer GE, Cogbill TH, Mathiason MA. Determination of the
peritoneal reflection using intraoperative proctoscopy. Dis Colon Rectum
(2004) 47:2080–5. doi: 10.1007/s10350-004-0740-7

15. Park JS, Sakai Y, Simon NS, Law WL, Kim HR, Oh JH, et al. Long-term
survival and local relapse following surgery without radiotherapy for locally
advanced upper rectal cancer: an international multi-institutional study. Med
(Baltimore) (2016) 95:e2990. doi: 10.1097/MD.0000000000002990

16. Benzoni E, Terrosu G, Bresadola V, Cerato F, Cojutti A, Milan E, et al.
Analysis of clinical outcomes and prognostic factors of neoadjuvant
chemoradiotherapy combined with surgery: intraperitoneal versus
extraperitoneal rectal cancer. Eur J Cancer Care (Engl) (2006) 15:286–92.
doi: 10.1111/j.1365-2354.2006.00653.x
Frontiers in Oncology | www.frontiersin.org 11
17. Jung EJ, Ryu CG, Kim G, Kim SR, Nam SE, Park HS, et al. Is rectal MRI
beneficial for determining the location of rectal cancer with respect to the
peritoneal reflection? Radiol Oncol (2012) 46:296–301. doi: 10.2478/v10019-
012-0038-7

18. Myerson RJ, Michalski JM, King ML, Birnbaum E, Fleshman J, Fry R, et al.
Adjuvant radiation therapy for rectal carcinoma: predictors of outcome. Int J
Radiat Oncol Biol Phys (1995) 32:41–50. doi: 10.1016/0360-3016(94)00493-5

19. Marinello FG, Frasson M, Baguena G, Flor-Lorente B, Cervantes A, Rosello S,
et al. Selective approach for upper rectal cancer treatment: total mesorectal
excision and preoperative chemoradiation are seldom necessary. Dis Colon
Rectum (2015) 58:556–65. doi: 10.1097/DCR.0000000000000349

20. Yiqun S, Tong T, Fangqi L, Sanjun C, Chao X, Yajia G, et al. Recognition of
anterior peritoneal reflections and their relationship with rectal tumors using
rectal magnetic resonance imaging. Med (Baltimore) (2016) 95:e2889.
doi: 10.1097/MD.0000000000002889

21. Yoon JE, Lee SY, Kwak HD, Yeom SS, Kim CH, Joo JK, et al. Oncologic
Outcomes of Postoperative Chemoradiotherapy Versus Chemotherapy Alone
in Stage II and III Upper Rectal Cancer. Ann Coloproctol (2019) 35:137–43.
doi: 10.3393/ac.2018.09.28

22. Wang X, Jin J, Yang Y, Liu WY, Ren H, Feng YR, et al. Adjuvant treatment
may benefit patients with high-risk upper rectal cancer: A nomogram and
recursive partitioning analysis of 547 patients. Oncotarget (2016) 7:66160–9.
doi: 10.18632/oncotarget.10718

23. Meylemans D, Penninckx F, Vanbeckevoort D, Wolthuis AM, Fieuws S,
D’Hoore A. Endoscopic versus radiology-based location of rectal cancer. Acta
Chir Belg (2014) 114:364–9.

24. Tanaka A, Sadahiro S, Suzuki T, Okada K, Saito G. Comparisons of rigid
proctoscopy, flexible colonoscopy, and digital rectal examination for
determining the localization of rectal cancers. Dis Colon Rectum (2018)
61:202–6. doi: 10.1097/dcr.0000000000000906

25. Schmoll HJ, Van Cutsem E, Stein A, Valentini V, Glimelius B, Haustermans
K, et al. ESMO Consensus Guidelines for management of patients with colon
and rectal cancer. a personalized approach to clinical decision making. Ann
Oncol (2012) 23:2479–516. doi: 10.1093/annonc/mds236

26. Baatrup G, Bolstad M, Mortensen JH. Rigid sigmoidoscopy and MRI are not
interchangeable in determining the position of rectal cancers. Eur J Surg Oncol
(2009) 35:1169–73. doi: 10.1016/j.ejso.2009.02.004

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Gao, Zhai, Li, Kabemba, Gong, Bai, Liu, Zhang, Shen, Liu and
Zhang. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
February 2021 | Volume 10 | Article 625459

https://doi.org/10.1056/NEJMoa010580
https://doi.org/10.1056/NEJMoa010580
https://doi.org/10.1200/JCO.2005.08.144
https://doi.org/10.1200/JCO.2005.08.144
https://doi.org/10.1007/s11912-018-0689-7
https://doi.org/10.1007/s11912-018-0689-7
https://doi.org/10.1097/dcr.0000000000000000
https://doi.org/10.1016/j.clcc.2019.07.004
https://doi.org/10.1016/j.clcc.2019.07.004
https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Kolorektales_Karzinom/Version_2/GGPO_Guideline_Colorectal_Cancer_2.1.pdf
https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Kolorektales_Karzinom/Version_2/GGPO_Guideline_Colorectal_Cancer_2.1.pdf
https://www.leitlinienprogramm-onkologie.de/fileadmin/user_upload/Downloads/Leitlinien/Kolorektales_Karzinom/Version_2/GGPO_Guideline_Colorectal_Cancer_2.1.pdf
https://doi.org/10.21147/j.issn.1000-9604.2019.01.07
https://doi.org/10.1002/bjs.18003915804
https://doi.org/10.1002/bjs.18003915804
https://doi.org/10.3346/jkms.2008.23.6.999
https://doi.org/10.3346/jkms.2008.23.6.999
https://doi.org/10.2214/AJR.11.7602
https://doi.org/10.1007/s10350-004-0740-7
https://doi.org/10.1097/MD.0000000000002990
https://doi.org/10.1111/j.1365-2354.2006.00653.x
https://doi.org/10.2478/v10019-012-0038-7
https://doi.org/10.2478/v10019-012-0038-7
https://doi.org/10.1016/0360-3016(94)00493-5
https://doi.org/10.1097/DCR.0000000000000349
https://doi.org/10.1097/MD.0000000000002889
https://doi.org/10.3393/ac.2018.09.28
https://doi.org/10.18632/oncotarget.10718
https://doi.org/10.1097/dcr.0000000000000906
https://doi.org/10.1093/annonc/mds236
https://doi.org/10.1016/j.ejso.2009.02.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Which Definition of Upper Rectal Cancer Is Optimal in Selecting Stage II or III Rectal Cancer Patients to Avoid Postoperative Adjuvant Radiation?
	Introduction
	Methods
	Patients
	Selection Criteria
	Surgery and Histopathological Assessment
	Postoperative CRT
	Follow Up
	Definition of Parameters
	Measurements of Tumor Height and Tumor Location Relative to the APR
	Statistical Analysis

	Results
	Patient Characteristics
	The Relationship Between Tumor Location Relative to the APR, Postoperative Radiation and Survival Related Parameters (OS, DFS, and LRFS)
	Univariate and Multivariate Analyses of Risk Factors Affecting OS, DFS, and LRFS
	Consistency of Tumor Height Measured by DRE, MRI, and Flexible Colonoscopy
	The Relationship Between Survival Related Parameters and Tumor Height as Measured by DRE, MRI, and Flexible Colonoscopy
	Different Percentages of rectal Cancer Patients Requiring Radiation Based on the Five Commonly Used Definitions of URC

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


