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Abstract

Background: The JCOG0212 trial was a randomized controlled trial comparing mesorectal excision

alone to mesorectal excision with lateral lymph node dissection for stage II/III lower rectal

cancer patients without clinical lateral lymph node enlargement. This study aimed to identify

clinicopathological prognostic factors for relapse-free survival and overall survival of lower rectal

cancer in the trial.

Methods: Prospective data were selected from 663 patients with complete data. Uni and mul-

tivariable Cox regression model was applied to evaluate the preoperative and the combined

preoperative and postoperative factors, respectively. Preoperative factors included age, sex,

performance status, clinical T, clinical N and operative procedures. Postoperative factors included

histological grade, pathological T, number of metastatic lymph nodes and number of dissected

lymph nodes. No patient received neoadjuvant treatment.
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Results: Regarding preoperative factors, multivariable analysis revealed that performance status

1 (vs. 0: HR 2.079, P = 0.0041) and cT4a (vs. cT2–3: HR 2.721, P = 0.0002) were independent risk

factors for relapse-free survival, and those for overall survival were male (vs. female: HR 1.660,

P = 0.0228) and cT4a (vs. cT2–3: HR 2.486, P = 0.0473). The only independent preoperative risk

factor common for relapse-free survival and overall survival was cT4a. Taking preoperative and

postoperative factors together, the number of metastatic lymph nodes was the only independent

risk factor common for relapse-free survival and overall survival.

Conclusions: Clinical stage II/III lower rectal cancer patients with cT4a should be a target of

therapeutic development of neoadjuvant therapy. Postoperatively, intensive chemotherapy should

be investigated for patients with more metastatic lymph nodes.

Key words: rectal cancer, prognostic factor, preoperative, postoperative, survival

Introduction

In Western countries, mesorectal excision (ME) with preoperative
chemoradiation is the standard procedure for locally advanced rectal
cancer (1). In contrast, ME with lateral lymph node dissection
(LLND) is the standard procedure for clinical stage II or III lower
rectal cancer in Japan (2). The Japan Clinical Oncology Group
(JCOG) 0212 trial (ClinicalTrials.gov: NCT00190541, UMIN-CTR:
C000000034) aimed to confirm the non-inferiority of ME alone
compared to ME with LLND. The primary endpoint was relapse-
free survival and a secondary endpoint was overall survival (3).
Primary data and long-term follow-up data did not support the non-
inferiority of ME alone in comparison with ME with LLND on the
intent-to-treat analysis (3,4). Recurrences were observed in ∼30%
of patients in the trial. Because neoadjuvant treatment is a possible
option to improve relapse-free survival (RFS) and overall survival
(OS) for lower rectal cancer, there is an urgent need to identify preop-
erative prognostic factors to provide optimal treatment for individual
patients. Moreover, more intensive adjuvant chemotherapy may be
necessary for some postoperative patients, for whom pre- and post-
operative prognostic factors should be identified.

Many papers have investigated risk factors, including LLND, for
rectal cancer survival without preoperative treatment, however, most
of them were based on retrospective data (5,6). Therefore, the present
prospective analysis for the preoperative and postoperative factors of
lower rectal cancer patients would be of clinical value without much
retrospective selection bias. One of the main purposes was to identify
which patient-, tumor- and surgery-related characteristics were risk
factors for RFS and OS in the JCOG0212 trial. The other was to
elucidate preoperative prognostic factors to perform neoadjuvant
therapy.

Materials and methods

The JCOG0212 trial was a multicenter, open-label, randomized,
phase III study. The institutional review boards of participating
institutions approved the study protocol. Details of the trial have
been reported previously (3,4). Operative methods and pathology
results were recorded according to the fifth edition of TNM classifi-
cation (7) and the sixth edition of Japanese Classification of Colon
and Rectal Carcinoma (8). Eligibility criteria included histologically
proven clinical stage II or III rectal cancer, main lesion located in
the rectum with the lower margin below the peritoneal reflection, no
clinical lateral lymph node enlargement: i.e. lateral lymph nodes with

a short-axis diameter of <10 mm on computed tomography (CT)
or magnetic resonance imaging (MRI), no clinical tumor invasion to
adjacent organs (cT4b), Eastern Cooperative Oncology Group per-
formance status (PS) 0 or 1, and age 20–75 years. Exclusion criteria
were synchronous or metachronous (within 5 years) malignancies
other than carcinoma in situ or mucosal carcinoma, pregnancy or
breastfeeding in women, or a psychological disorder or severe mental
illness. Patients undergoing treatment with systemic steroids, or with
a history of myocardial infarction or unstable angina pectoris within
6 months, or with severe pulmonary emphysema or pulmonary
fibrosis. The attending physician had the final decision for exclusion.

As shown in Figure 1, a total of 701 patients were randomized to
the ME with LLND arm (n = 351) or the ME alone arm (n = 350).
Of the 701 patients, excluding the 13 ineligible patients, 688 were
eligible patients. Of the 688 eligible patients, 663 were selected for
this study. Twenty-five patients who did not have sufficient data were
excluded. Adjuvant chemotherapy, consisting of the Roswell Park
regimen of 5-fluorouracil (500 g/m2) and L-leucovorin (250 mg/m2),
was given to the pathological stage III patients. The present study
aimed to identify clinical and pathological prognostic factors for RFS
and OS using long-term (median 86 months) follow-up data from the
JCOG0212 trial (4). 1 September 2017 was the data cut-off.

The factors for univariable analysis were selected based
on clinical perspective. Continuous variables were divided into
categories according to median or clinical point of view. As shown
in Table 1, preoperative factors included age (≤60, ≥61 years), sex
(male, female), performance status (PS) (0, 1), body mass index
(≤25, 25–30, >30), tumor location (Ra: tumor center located above
peritoneal reflection versus Rb and P: tumor center located below
peritoneal reflection and anal canal), tumor circumferential location
(anterior, lateral, posterior, circular), maximum tumor diameter
(<5 cm, ≥5 cm), clinical T (cT2–3, cT4), distance of tumor from
anal verge (<4 cm, 4–8 cm, ≥8 cm), short-axis diameter of lateral
lymph node on CT (<3 mm, 3 to <5 mm, 5 to <7 mm, ≥7 mm),
clinical N (cN0, cN1, cN2), clinical stage (II, III) and operative
procedures such as abdominoperineal resection (APR) versus others
and ME with LLND versus ME alone. Table 2 shows postoperative
factors including histological grade (G1, G2, G3–4), pathological T
(pT1–2, pT3, pT4a), anal distance from tumor to the resected line
(<1 cm, ≥1 cm), number of metastatic lymph nodes (0, 1, 2–3, 4–6,
≥7), number of dissected lymph nodes (<12, ≥12) and pathological
stage (I, II, III). The Japanese method was used to examine the radial
margin macroscopically and microscopically (3).
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Figure 1. Consort diagram.

Figure 2. RFS and OS in 663 patients of this study.

Statistical analysis

Initially, Kaplan–Meier method was used to estimate time to event
curves and 5-year RFS and OS with respective 95% confidence
intervals (Fig. 2). Univariable Cox regression model was applied
to investigate potential prognostic factors using preoperative
factors and postoperative factors (Tables 1 and 2). Multivariable
Cox regression analysis was performed in terms of RFS and
OS using the preoperative and the combined preoperative and
postoperative factors, respectively, and HR and the 95% confidence
interval were estimated (Table 3). SAS®version 9.4 (SAS Institute,
Cary, North Carolina, USA) was used to perform statistical
analysis.

Results

Figure 2 shows RFS and OS curves in all 663 patients of this
study. The number of events for recurrence and death were 203

and 116, respectively. The 5-year RFS was 74.3% (95%CI, 70.7–
77.4%) and the 5-year OS was 92.0% (95% CI, 89.6–93.8%).
Tables 1 and 2 show the 5-year RFS and the 5-year OS in each
category of the preoperative and postoperative prognostic factors.
In Table 1, univariable analysis revealed that PS, maximum tumor
diameter and clinical T (cT) were significant preoperative prognostic
factors for RFS, and only sex for OS. In Table 2, histologic grade,
pathological T (pT), number of metastatic lymph nodes and patho-
logical stage were significant postoperative prognostic factors for
RFS, and histological grade, pT, number of metastatic lymph nodes,
and pathological stage for OS. Based on the univariable analysis,
clinical stage and pathological stage were excluded from explanatory
variable for multivariable analysis considering multicollinearity. As
shown in Table 3, multivariable analysis revealed that PS and cT4a
were preoperative independent risk factors for RFS, whereas those
for OS were sex and cT4a. Particularly, cT4a was the common
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Table 1. Patient characteristics and univariable analysis of preoperative prognostic factors for RFS and OS

Factors 5y RFS (95% CI) P 5y OS (95% CI) P

Age
≤60 years (n = 309) 71.4 (66.0–76.1) 91.8 (88.1–94.4)
≥61 years (n = 354) 76.8 (72.0–80.9) 0.701 92.1 (88.7–94.5) 0.415

Sex
Male (n = 450) 72.4 (68.0–76.3) 90.4 (87.3–92.8)
Female (n = 213) 78.3 (72.1–83.2) 0.083 95.3 (91.4–97.4) 0.036

Performance status
0 (n = 628) 75.4 (71.8–78.6) 92.5 (90.1–94.3)
1 (n = 35) 54.3 (36.6–69.0) 0.007 82.9 (65.8–91.9) 0.058

Body mass index
≤25 (n = 504) 72.7 (68.6–76.4) 90.6 (87.7–92.9)
25–30 (n = 145) 79.9 (72.4–85.6) 0.110 95.8 (91.0–98.1) 0.168
≥30 (n = 14) 71.4 (40.6–88.2) 0.715 100.0 0.287

Tumor location
Ra (n = 193) 71.5 (64.5–77.3) 91.2 (86.2–94.4)
Rb, P (n = 470) 75.4 (71.3–79.1) 0.303 92.3 (89.5–94.4) 0.726

Tumor circumferential location
Anterior (n = 175) 73.0 (65.7–79.0) 92.5 (87.5–95.6)
Lateral (n = 243) 75.6 (69.7–80.5) 0.567 92.1 (87.9–94.9) 0.949
Posterior (n = 185) 76.7 (69.9–82.1) 0.192 90.8 (85.6–94.2) 0.651
Circular (n = 60) 65.0 (51.5–75.6) 0.591 93.3 (83.2–97.4) 0.779

Maximum tumor diameter
<5 cm (n = 318) 79.2 (74.3–83.3) 92.7 (89.3–95.1)
≥5 cm (n = 345) 69.7 (64.5–74.3) 0.009 91.3 (87.7–93.8) 0.264
Clinical T (cT)
cT2–3 (n = 643) 77.9 (73.2–81.8) 92.3 (90.0–94.2)
cT4a (n = 20) 69.8 (64.2–74.7) <0.001 79.4 (54.0–91.7) 0.101

Distance of tumor from anal verge
<4 cm (n = 158) 74.6 (67.0–80.7) 91.7 (86.1–95.1)
4–8 cm (n = 440) 75.4 (71.0–79.1) 0.811 92.0 (89.1–94.2) 0.882
≥8 cm (n = 65) 66.1 (53.2–76.2) 0.261 92.3 (82.4–96.7) 0.481

Short-axis diameter of lateral lymph node
<3 mm (n = 493) 75.6 (71.5–79.1) 91.6 (88.8–93.8)
3 to < 5 mm (n = 54) 77.8 (64.2–86.7) 0.815 94.4 (83.7–98.2) 0.568
5 to < 7 mm (n = 56) 67.8 (53.8–78.3) 0.281 94.5 (84.0–98.2) 0.472
≥7 mm (n = 29) 61.7 (41.6–76.7) 0.264 85.8 (66.5–94.4) 0.377
Missing (n = 31) 71.0 (51.6–83.7) 0.772 93.5 (76.6–98.3) 0.637

Clinical N (cN)
cN0 (n = 369) 78.0 (73.4–81.9) 94.5 (91.7–96.4)
cN1 (n = 249) 69.4 (63.2–74.7) 0.075 88.3 (83.6–91.7) 0.443
cN2 (n = 45) 70.8 (55.1–81.9) 0.246 91.1 (78.0–96.6) 0.306

Clinical stage
II (n = 367) 77.9 (73.2–81.8) 94.5 (91.6–96.4)
III (n = 296) 69.8 (64.2–74.7) 0.070 88.8 (84.6–91.9) 0.360

Surgical procedures-1
APR (n = 112) 73.2 (63.9–80.4) 93.7 (87.3–97.0)
Anterior resection or Hartmann (n = 551) 74.5 (70.6–77.9) 0.580 91.6 (88.9–93.6) 0.284
Surgical procedures-2
ME with LLND (n = 328) 73.7 (68.6–78.1) 93.3 (90.0–95.5)
ME alone (n = 335) 74.8 (69.8–79.1) 0.752 90.7 (87.0–93.3) 0.220

Ra, Tumor center located above the peritoneal reflection; Rb, Tumor center located below the peritoneal reflection; P, Anal canal; APR, abdominoperineal
resection; ME, mesorectal excision; LLND, lateral lymph node dissection.

prognostic factor for RFS and OS and recorded the highest HRs
(2.718, 2.486, respectively). Taking preoperative and postoperative
risk factors into consideration, PS, cT4a, pT3, pT4a, and number
of metastatic lymph nodes were significant prognostic factors for
RFS, whereas histological G2 and number of metastatic lymph nodes

were significant for OS. Among them, pT4a and ≥7 metastatic lymph
nodes exhibited HR >3.0 for RFS and ≥4 metastatic lymph nodes
showed HR > 3.0 for OS. In terms of diagnosis accuracy, sensitivity
for pN positive was 59.3% (175/295) and specificity was 67.7%
(249/368). As for the accuracy of depth of tumor invasion, the
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Table 2. Patient characteristics and univariable analysis of postoperative prognostic factors for RFS and OS

Factors 5y RFS (95% CI) P 5y OS (95% CI) P

Histological grade
G1 (n = 205) 78.4 (72.1–83.4) 96.5 (92.9–98.3)
G2 (n = 432) 72.8 (68.4–76.8) 0.040 90.0 (86.8–92.5) 0.014
G3–4 (n = 26) 65.4 (44.0–80.3) 0.042 88.5 (68.4–96.1) 0.012

Pathological T (pT)
pT1–2 (n = 164) 92.6 (87.4–95.8) 98.2 (94.4–99.4)
pT3 (n = 481) 69.3 (65.0–73.2) <0.001 90.2 (87.1–92.5) 0.006
pT4a (n = 18) 38.9 (17.5–60.0) <0.001 83.3 (56.8–94.3) 0.049

Distance from tumor to the resected line
<1 cm (n = 31) 70.8 (51.4–83.6) 93.3 (75.8–98.3)
≥1 cm (n = 632) 74.4 (70.8–77.7) 0.933 91.9 (89.5–93.8) 0.485

No. of metastatic lymph nodes
0 (n = 368) 84.5 (80.3–87.8) 95.9 (93.3–97.5)
1 (n = 83) 67.3 (56.0–76.3) 0.004 94.0 (86.1–97.4) 0.179
2–3 (n = 108) 70.4 (60.8–78.0) 0.011 90.7 (83.5–94.9) 0.125
4–6 (n = 58) 52.6 (38.9–64.6) <0.001 86.2 (74.3–92.9) 0.006
≥7 (n = 46) 41.3 (27.1–54.9) <0.001 67.4 (51.9–78.9) <0.001

No. of dissected lymph nodes
<12 (n = 47) 72.3 (57.2–82.9) 87.2 (73.8–94.1)
≥12 (n = 616) 74.4 (70.8–77.7) 1.000 92.3 (89.9–94.2) 0.105

Pathological stage
I (n = 125) 94.4 (88.5–97.3) 98.4 (93.7–99.6)
II (n = 243) 79.4 (73.7–83.9) 0.006 94.6 (90.9–96.8) 0.459
III (n = 295) 61.5 (55.7–66.8) <0.001 87.1 (82.7–90.4) 0.001

proportion of cT4a among pT4a was as low as 22.2% (4/18) and
the proportion of cT2–3 among pT1–3 was 97.5% (629/645).

Discussion

The JCOG0212 trial was a randomized controlled trial that com-
pared mainly oncologic outcomes between the two surgical proce-
dures (ME alone and ME with LLND) for stage II or III lower
rectal cancer. To the best of our knowledge, this is the first paper
to examine prognostic factors for lower rectal cancer in a phase III
clinical trial without preoperative treatment in the TME (total ME)
era (3,4).

The American Joint Committee on Cancer (AJCC) cancer staging
manual on colon and rectum describes that T, N and M categories
are essential for stage grouping (9). Tumor deposits are recommended
for clinical care. Eight tumor-related prognostic factors are important
to consider in making decisions about treatment: serum carcinoem-
bryonic antigen (CEA) levels, tumor regression score, circumferential
resection margin (CRM), lymphovascular invasion, perineural inva-
sion, microsatellite instability, KRAS and NRAS mutation status and
BRAF mutation. Age, sex, race, body mass index and PS are host-
related prognostic factors. Some environmental prognostic factors
such as treatment-related, education and quality of management also
exist (10). In the present study for lower rectal cancer, univariable
analysis showed that sex, PS, cT, maximum tumor diameter, histo-
logic grade, pT, number of metastatic lymph nodes and pathological
stage were significant prognostic factors (Tables 1 and 2), which
almost supports those in the AJCC cancer staging manual (9). In
addition, multivariable analysis revealed that cT4a was the common
preoperative prognostic factor for RFS and OS with HR ≥2.4 and
the number of metastatic lymph nodes showed the highest HRs of

>3.0 among preoperative and postoperative prognostic factors for
RFS and OS (Table 3). These results suggested T factor and N factor
were the most established prognostic factors in patients with clinical
stage II/III lower rectal cancer.

With the recent development of chemotherapy and radiotherapy,
preoperative chemoradiation or total neoadjuvant treatment has
become the most recommended choice for locally advanced lower
rectal cancer in Western countries (11,12). Of note, RAPIDO
trial introduced preoperative consolidation CAPOX/FOLFOX and
improved disease-free survival (13) and PRODIGE23 trial introduced
preoperative induction FOLFORINOX and improved disease-
related treatment failure (14). Additional preoperative intensive
chemotherapy to CRT and delayed surgery is highly expected
to improve survival of rectal cancer. Clinical prognostic factors
are now playing more crucial roles in preoperative treatment
strategies. Survival data in this study indicated that patients
with poor prognostic factors of cT4a, male gender and PS 1
should actively receive preoperative treatment if possible. Among
preoperative prognostic factors, clinical T was one of the most
powerful factors associated with RFS and OS. However, preoperative
clinical diagnosis is less accurate than postoperative pathological
diagnosis although there has been recent remarkable progress
in imaging technology such as CT and MRI (15,16). Therefore,
several factors should be taken consideration whether preoperative
treatment is applied or not in each patient with cT4a. Moreover,
it must be considered that postoperative pathologic staging
following preoperative chemoradiotherapy underestimates the risk
of developing distant metastases in rectal cancer compared with
staging without preoperative chemoradiotherapy (17). Accordingly,
careful follow-up and/or intensive postoperative treatment might be
necessary even if down-staging was achieved for patients with cT4a.
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There are several limitations in the present study. One is that CT
data instead of MRI was used for preoperative clinical diagnosis.
Yano et al. (15) reported that CT diagnosed lateral lymph node status
with high accuracy (sensitivity 95%, specificity 94%). However, in
our data preoperative CT diagnosed pathological lymph node status
with low accuracy, which may explain the reason why not clinical
N (cN) but pathological N (pN) was a prognostic factor. MRI has
been considered to detect lateral pelvic lymph nodes more accurately
than CT. It is also widely used for the preoperative assessment of
risk factors, such as lower rectal plane including clinical CRM,
venous invasion, depth of spread, nodal status, tumor height and
tumor quadrant (including tumor deposits for lower rectal cancer)
(16,18,19). Another limitation is that pathological CRM was not
evaluated because pathological examination in Japan is different
from that in Western countries and is performed after removal of
the mesorectal fat for lymph node examination by surgeons (3).
In the present study, microscopic radial resection margin—one of
the prognostic factors (20)—was positively identified in only nine
cases. The other prognostic factors of CEA, lymphovascular invasion,
perineural invasion and genetic alterations (such as microsatellite
instability, KRAS, NRAS and BRAF) (9) were also not prescribed on
the protocol of the JCOG0212 trial. Lastly, the current standard adju-
vant chemotherapy for rectal cancer without preoperative chemora-
diotherapy is 5-fluorouracil with oxaliplatin worldwide. Therefore,
the adjuvant chemotherapy of 5-fluorouracil and L-leucovorin for
stage III patients in the present study is outdated.

In conclusion, the prognostic factors for lower rectal cancer
without preoperative treatment were prospectively investigated in
this large phase III study. Clinical stage II/III lower rectal cancer
patients with cT4a should be a target of therapeutic development of
neoadjuvant therapy. Postoperatively, intensive chemotherapy should
be investigated for patients with more metastatic lymph nodes.
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