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Purpose: The purpose of this study is to evaluate the short-term clinical and oncological
outcome of prolonging operation interval to 11 weeks after the end of radiotherapy for
locally advanced middle and low rectal cancer.

Methods: A total of 123 patients with stage II/III (cT3/T4 or N+) low and middle rectal
cancer who had undergone operation after neoadjuvant chemoradiotherapy were selected.
According to the interval time between the last radiotherapy and operation, they were
assigned to a short-interval group (SG, <11 weeks, n=66) and long-interval group (LG,
>11 weeks, n=57). The relations among interval time and short-term clinical outcome and
oncological outcome were analyzed.

Results: The analysis found that basic information, clinical characteristics, and preoperative
treatment between the two groups had no significant difference. There were no differences in
operation time, estimated intraoperative blood loss and postoperative complications. The rate of
sphincter preservation in the low and middle rectum was 66.7% in the short-interval group and
59.7% in the long-interval group (P=0.42). The incidence of anastomotic leak in the long-interval
group was higher than that in the short-interval group (P=0.08). There was no significant
difference in the recovery time of intestinal function and median duration of hospitalization
between the two groups. The pathological complete remission rate was 17.07%. Multivariate
analysis showed interval time had no influence on pathological complete remission. There was
no significant difference in 3-year overall survival and 3-year disease-free survival between the
two groups. The risk of recurrence and metastasis in patients with positive lymph nodes was
higher than those with negative lymph nodes (P<0.05), HR=4.812 (95% CI 2.4-9.648).
Conclusion: Prolonging the interval time of operation to 11 weeks after neoadjuvant
chemoradiotherapy for middle and low rectal cancer does not improve the pathologic
complete remission, morbidity, and mortality. There was no significant effect on oncologic
outcome after prolonging the operation interval. Therefore, it is safe to prolong the interval
of operation to 11 weeks.

Keywords: rectal cancer, neoadjuvant chemoradiotherapy, oncological outcome, clinical

outcome, pathological complete remission

Introduction
In recent years, the incidence of colorectal cancer (CRC) has increased year by year.
CRC has become the second most common cause of cancer-related death.! Many

patients in China suffer from locally advanced rectal cancer (LARC) when they are
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diagnosed. Total mesorectal excision (TME) operation after
neoadjuvant chemoradiotherapy (nCRT) has become the
standard treatment regimen for LARC. Neoadjuvant chemor-
adiotherapy can effectively control local tumors, make
tumors shrink, increase sphincter preservation rate, and
reduce local recurrence of tumors. Compared with postopera-
tive radiotherapy and chemotherapy, nCRT can improve the
prognosis of patients.” ® However, the time interval between
the end of radiotherapy and TME operation remains
controversial.

In 1999, the Lyon R90-01 randomized trial divided
patients with LARC into 2 weeks and 6-8 weeks after
nCRT. The results showed that the 6-8 weeks group had
better tumor regression, downstage, sphincter preservation
rate, and pathological complete remission (pCR) rate than the
2-week group.” Since then, the interval of 6-8 weeks has
been considered as the most appropriate time for operation
after nCRT. The distant control, overall survival (OS), and
disease-free survival (DFS) of patients with rectal cancer
after nCRT have been improved, and some of them can
pCR. Pathological
closely correlated with local control, DFS, and O

remission IS
8,9,18-21
S' 27

achieve complete
Studies have shown that prolonging the interval between
the last
pathological complete remission rate, but does not increase

radiotherapy and operation can achieve
complications.'®'>'® Tumor regression is linked with time.
The interval of operation recommended in NCCN guidelines
for rectal cancer after long-term radiotherapy is also chan-
ging, from the original 4-6 weeks to 512 weeks currently."'
In addition, the Chinese Criteria for Diagnosis and Treatment
of Colorectal Cancer also recommends 5-12 weeks as
a reasonable interval after neoadjuvant chemoradiotherapy
for stage II and III rectal cancer, which is consistent with
NCCN guidelines.'? It is obvious that prolonging the opera-
tion interval properly can lead to tumor regression further,
even achieving complete remission. Prolonging the interval
time can also help to improve the RO resection rate,
and reduce the positive rate of circumferential resection
margin (CRM). Patients who have a strong desire for sphinc-
ter preservation with clinic complete remission have the
opportunity to be selected in a “watch & wait” program
(W&W). Nevertheless, studies have shown that prolonging
the time interval after nCRT did not improve tumor remission
and pathological complete response rate, reduce the inci-
dence of postoperative complications and another adverse
short-term clinical outcome instead.'*'*

So far, there is no definite conclusion about the time
interval of operation after neoadjuvant chemoradiotherapy.

With extension of time interval, the tissue fibrosis in the
radiotherapy area can become severe, which can affect
surgery. Planar fibrosis, severe edema, and local inflamma-
tion enhance difficulties in TME operation and complica-
tions of operation and reduce the RO resection rate.'”2?’
In addition, the prolongation of the time interval may
increase the risk of local progression and distant metasta-
sis, which can lead to patients missing the optimal opera-
tion time.

A prospective study showed that prolonging the opera-
tion time to 11 weeks after nCRT did not increase pCR, but
caused higher intraoperative and postoperative morbidity.
The 11-week group had a worse quality of TME than
the 7-week group.'® Therefore, we conducted a single-
center retrospective study to explore the effect of extending
the interval time to 11 weeks on short-term clinical outcome
and tumor outcome.

Method

Patients with rectal cancer who experienced neoadjuvant
chemoradiotherapy and radical surgical resection from
2010 to 2016 were selected from the First Affiliated
Hospital of Chongging Medical University. Preoperative,
postoperative and follow-up data were collected.

Patient Selection

Altogether 148 patients with locally advanced rectal cancer
(cT3/T4 or N*) who had undergone neoadjuvant chemora-
diotherapy were selected from 2000 rectal cancer patients in
the First Affiliated Hospital of Chongqing Medical
University. Among them, there were 10 patients with high
rectal cancer, 6 patients without follow-up after operation,
1 patient with rectal squamous carcinoma, 3 patients with
signet ring cell cancer, 2 patients without operation because
they could not preserve anal sphincter, one with distant
metastasis during neoadjuvant chemoradiotherapy and
2 patients without inadequate preoperative data. Finally,
25 patients were excluded, and 123 patients were included.
All patients included were over 18 years old.

Evaluation Before Neoadjuvant
Chemoradiotherapy

Routine tumor estimation and physical examination before
nCRT were carried out. Rectal adenocarcinoma (including
mucinous adenocarcinoma) was confirmed by colonoscopy
and pathological examination before operation. A computed
tomography (CT) scan of chest, abdomen, and pelvis excluded
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distant organ metastases, such as liver and lung metastases.
High-resolution magnetic resonance imaging (MRI) of the
pelvis was used to evaluate the local rectal tumors, which
contained T and N stage of rectal tumors according to AJCC
(American Joint Committee on Cancer Stage), long diameter,
and the distance of anal verge, separation, circumferential
resection margin (CRM), and extramural vascular invasion
(EMVD).

Process on Neoadjuvant

Chemoradiotherapy

The long-course radiotherapy with a dose of 45-50.4 Gy
was divided into 25-28 times, 1.8-2.0 Gy each time, which
was completed within five and a half weeks. Capecitabine
at 825 mg/m* was given orally twice a day during radio-
therapy. Some patients received standard capecitabine and
oxaliplatin neoadjuvant chemotherapy (nCT) in the period
of interval time. Each cycle consisted of intravenous oxali-
platin with 130 mg/m” on day 1, and oral administration
capecitabine with 1000 mg/m? twice on day 1 to day 14.

Preoperative Assessment

All patients went through a digital rectal examination before
surgery. The enhanced CTs of chest, abdomen, and pelvis were
used to exclude distant organ metastasis. High-resolution mag-
netic resonance imaging (MRI) was used to re-evaluate local
rectal tumors, including T stage, N stage, Mandard Tumor
Regression Grading (TRG), CRM, and EMVL

Outcome Assessment

The baseline characteristics and surgical outcomes of patients
who underwent nCRT and radical surgical operations were
analyzed. Baseline characteristics included gender, age, carci-
noembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), body mass index (BMI), tumor size, tumor loca-
tion, pathological type of tumor, differentiation degree of
tumor, ASA (American Society of Anesthesiologists) grading,
T stage, N stage, CRM, EMVI, neoadjuvant chemotherapy,
and preoperative TRG grading. Perioperative data were col-
lected including operation time, estimated blood loss, opera-
tion method (laparotomy vs laparoscope vs robot) and
operation mode. Postoperative clinical data included hospita-
lization time, anal exsufflation time, anal defecation time,
eating liquid diet time, drainage tube extraction time, 30
days readmission, 30 days re-operation, 30 days mortality
rate, anastomotic leakage, and other postoperative complica-
tions. Postoperative pathological data included T stage,

N stage, number of positive lymph nodes, ypTRG grading
(AJCC tumor regression grading).

Follow-Up

Patients accepted follow-up every 3—6 months in the first 2
years after operation. In each follow-up, patients received
a series of examinations, including digital rectal examina-
tion, blood count, blood chemistries, and digestive tract
cancer spectrum (including CEA, CA19-9, and AFP).
Enhanced computed tomography (CT) of chest, abdomen,
and pelvis was performed every 6 months. Colonoscopy
was performed every 1-2 years after operation. Three-year
disease-free survival and overall survival were also col-
lected. Disease-free survival is defined as the time between
the date of operation and the date of recurrence or metas-
tasis. Overall survival was defined as the time between the
date of operation and the date of death or final follow-up.

Statistical Analysis
Nonparametric data are represented by a median of inter-
quartile range. Chi-square test or Fishers were used to test
classification variables and rank-sum test continuous vari-
ables accurately and compare baseline and clinical char-
acteristics. Univariate analysis was performed to evaluate
that whether changing surgical treatment time (less than
or greater than 11 weeks) affects short-term postoperative
The

included hospitalization time, anal exsufflation time,

clinical outcome. short-term clinical outcome
anal defecation time, eating liquid diet time, drainage
tube extraction time, 30 days readmission, 30 days re-
operation, 30 days mortality rate, anastomotic leakage,
and other postoperative complications. Logistic analysis
was used to analyze the factors affecting pathological
complete remission. These factors included CEA level
before nCRT, location of tumor before nCRT, T stage
before nCRT, neoadjuvant chemotherapy, positive lymph
nodes before nCRT, MRI EMVI (+) and interval time
after radiotherapy. The data in the logistic regression
analysis were expressed by dominance ratio, 95% confi-
dence interval, and P-value. Kaplan—Meier estimation and
Cox proportional regression analysis were used to analyze
the three-year disease-free survival (DFS) and overall
survival (OS) and draw the survivorship curve and
disease-free survival curve. All statistics were completed
by SPSS 21.0 software, and P<0.05 was statistical

significance.
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Results Table | Basic Information and Clinical Characteristics of
. . .. Patients Before Neoadjuvant Chemoradiothera
Basic Information and Clinical : i
.. . SG (n=66) | LG (n=57) | P-val
Characteristics of Patients Before i i e
. . S 0.187
Neoadjuvant Chemoradiotherapy - " o | e ‘
One hundred and twenty-three patients with locally advanced Woman 26(21.14%) | 16(13.01%)
rectal cancer underwent total mesorectal excision (TME) Median age s65 5 0.479m
after neoadjuvant chemoradiotherapy. Among them, there (50-64) (50-65.5)
were 81 (65.85%) male patients and 42 (34.15%) female B (kgid) 228 227 a7
patients. The median age was 56.5 years in SG, and 59 (2037-245) | (205-2423)
years in LG. There were 13 (10.57%) patients with grade I,
. . . . ASA gradi 0.480
99 (80.49%) patients with grade 11, 11 (8.94%) patients with gracne | 7(5.69%) 6(488%) ‘
grade III and no patients with grade IV in the ASA classifica- I 55(44.72%) | 44(35.77%)
tion of anesthesia. Before nCRT, 57 (46.34%) patients had m 4(3:25%) 7(5.69%)
normal CEA level and 36 (29.27%) patients had normal CEA 25 nglL 31(252% | 2621.14%) | 0.880c
CA19-9 level. The average length of tumors measured by
] i ] CAI19-9 227 ngll | 27Q1.75%) | 9(7.32%) 0.002¢
preoperative MRI was 5.19 cm in SG and 5.23 cm in LG,
respectively. According to the distance from the anal verge Average length of 546 5 (4565 | 0.984m
measured by colonoscopy, there were 63 (51.22%) patients umors (cm)
with low rectal cancer (<5 cm) and 60 (48.78%) patients with | Tumor location 03lc
middle rectal cancer (6-10 cm). Preoperative colonoscopy Lo,w 31@52%) ) 3202602%)
’ o Middle 35(2846%) | 25(20.32%)
showed that 47 (38.21%) patients had tumors encircling the
bowel cavity completely. High-resolution magnetic reso- | ' “7& 0.73¢
R ] ) T 3427.64%) | 31(25.2%)
nance imaging (MRI) of the pelvis was used in all T, 100602%) | 2621.14%)
patients to evaluate the depth of local stage invasion, meta-
. N stage 0.095¢
static lymph nodes, CRM, and EMVI. There were No 8(6.5%) 8(6.5%)
65 (52.85%) patients with T5 and 58 (47.15%) patients with N, 23(18.7%) 10(8.13%)
T4; 16 (13.01%) patients with NO, 33 (26.83%) patients with N, 35(2846%) | 39(31.71%)
Ny, 74 (60.16%) patients with Ny; 96 (78,05%) patients with Clinic stage 0.978¢
CRM and 77 (62.6%) patients with EMVI. Preoperative I 8(6.5%) 7(5.69%)
magnetic resonance imaging was performed after nCRT. i SBUT.15%) | 50(40.65%)
The degree of tumor regression was assessed according to CRM *+) 55(44.72%) | 45(36.59%) | 0.534c
Mandard mriTRG grading. There was no significant differ- EMVI *) 41(33.33%) | 320602% | 0501c
ence in the number of patients with mriTRG 1-4 between the
. ) nCT 58(47.15%) | 50(40.6 5%) | 0.978c
two groups (P=0.799). The detail is shown in Table 1. The
operation interval is mainly 8—11 weeks. The specific divi- MRITRG 0.799¢
o i sh i ) [ 4(3.25%) 4(3.25%)
Sion 1S Shown 1n Figure 1. 2 27(21.95%) | 20(16.26%)
3 30(24.39%) | 26(21.14%)
. 4 5(4.07% 7(5.69%
Preoperative Features and Short-Term @ |76

Outcome

No distant metastases occurred in any patients during neoad-
juvant chemoradiotherapy. Among them, 78 (63.93%)
(LAR),
45 (36.07%) patients underwent abdominoperineal resection

patients underwent low anterior resection

(APR) of the rectum, and the sphincter preservation rates of
middle and low rectal cancer were 66.7% and 59.7%, respec-
tively. The prophylactic ileostomy or transverse colostomy

Abbreviations: m, Mann-Whitney; ¢, chi-square; BMI, body mass index; ASA,
American Society of Anesthesiologists; CEA, carcinoembryonic antigen; CA19-9, carbo-
hydrate antigen 19-9; CRM, circumferential resection margin; EMVI, extramural vascular
invasion; nCT, neoadjuvant chemotherapy; MRIiTRG, magnetic resonance imaging tumor
regression grading; SG, short-interval group; LG, long-interval group; T, tumor; N, nodal.

rate in LAR was 79.5%. Most (113 (91.9%)) of the opera-
tions were laparoscopic assisted, 4 cases were robotic
assisted, 5 cases were traditional operation, and 1 case was
conversion to open operation due to the difficulty of
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Figure | Distribution of patients in different surgery interval times after neoadjuvant chemoradiotherapy.

laparoscopic operation. The median operative time was
240 min in SG and 285 min in LG, and the median intrao-
perative blood loss was 100 mL in both groups. The median
time of anal exsufflation, defecation, and liquid diet was 2
days, 3 days, and 3 days, respectively. The median abdominal
drainage volume was 35 mL in SG and 30 mL in LG on the
third day after operation, and the median time of drainage
tube extraction was 7 days after operation in both groups.
Altogether 33 (26.83%) patients had complications during
hospitalization, including anastomotic leakage (6 cases),
abdominal infection (15 cases), postoperative intestinal
obstruction (8 cases), perineal incision infection (11 cases),
rectovaginal leakage (3 cases), urinary retention (5 cases),
and urinary tract infection (1 case). Some patients suffered
from several complications at the same time, such as anasto-
motic leakage accompanied by abdominal infection, pulmon-
ary infection, and intestinal obstruction. After discharge, 7
patients suffered from unplanned readmission within 30
days. One patient underwent emergency transverse colost-
omy because of anastomotic leakage. No patient died within
30 days. Table 2 shows the details.

Pathological Results

The pathological types of rectal cancer in all patients were
adenocarcinoma, including 1 patient with highly differen-
tiated adenocarcinoma, 75 (60.98%) patients with moder-
ately differentiated adenocarcinoma, 22 (17.89%) patients
with differentiated
25 (20.33%) patients with mucinous adenocarcinoma.

poorly adenocarcinoma  and

Postoperative pathological examination showed that there

were 22 (17.89%) patients with T, including 21 patients
with negative lymph nodes and 1 patient with positive
lymph nodes. Consequently, 21 patients had pathological
complete remission, and the pathological complete remis-
sion rate was 17.07%. There were 77 patients without
lymph node metastasis after nCRT, accounting for 62.6%
in total. The median number of lymph nodes detected was
10 in SG and 8 in LG, separately. The numbers of post-
operative pathological stages I, II, and IIT were 26, 32, and
44, respectively; the downstage in T stage was 71 patients,
the downstage in N stage was 83 patients, and the down-
stage in TN stage was 73 patients. According to the TRG
grading of AJCC, the degree of tumor regression was
assessed. There were 21 patients with grade 0, 12 patients
with grade 1, 43 patients with grade 2, 47 patients with
grade 3. The details are shown in Table 3. Logistic regres-
sion analysis showed that pathological complete remission
was not correlated with CEA level before nCRT, location
of tumors before nCRT, T stage before nCRT, neoadjuvant
chemoradiotherapy, positive lymph nodes before nCRT,
MRI EMVI (+) and operation interval after radiotherapy
(Table 4).

Oncological Outcome

Among 123 patients with neoadjuvant chemoradiotherapy,
1 patient in the SG group died within 8 weeks after opera-
tion due to other reasons, and 122 patients were included in
the tumor outcome analysis at length. There were 94
(77.05%) patients with adjuvant chemotherapy after the
operation, among which there were 50 patients in SG and
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Table 2 Clinical Features of Surgery and Post-Operation Short-Term Outcome

SG (n=66) LG (n=57) P-value
Operation method 0.42c
LAR 44(35.77%) 34(27.64%)
APR 22(17.89%) 23(18.7%)
Surgery type 0.806¢
Traditional 3(2.44%) 2(1.63%)
Laparoscopy 60(48.78%) 53(43.09%)
Robotic assisted 2(1.63%) 2(1.63%)
Conversion to traditional 1(0,81%) 0
LAR preventive stoma 34(27.64%) 28(22.76%) 0.582c
Median operative time (mL) 240 (209.3-301.5) 285 (212.5-355) 0.119m
Median intraoperative blood loss (mL) 100 (30-122.5) 100 (50-200) 0.553m
Median postoperative exhaust (day) 2(2-3) 2(2-3) 0.557m
Median postoperative defecation (day) 3(24) 3(2-3) 0.842m
Median postoperative liquid diet (day) 3 (2-5) 3(24)
Median postoperation abdominal drainage volume on the third day after (mL) | 35(10-100) 30(10-100) 0.90Im
The median time of drainage tube extraction 7 (6-9) 7(5-9) 0.424m
Median time in hospital after operation (day) 9(7-12.25) 9(7-14) 0.882m
Postoperation complications 18(14.63%) 15(12.2%) 0.905¢
Anastomotic leakage 1(0,81%) 5(4.07%) 0.08f
Abdominal infection 7(5.69%) 8(6.5%) 0.562c
Intestinal obstruction 4(3.25%) 4(3.25%) 0.83c
Urinary retention 4(3.25%) 1(0,81%) 0.228c
Cardiopulmonary complications 4(3.25%) 1(0,81%) 0.228c
Rectovaginal leakage 1(0,81%) 2(1.63%) 0.475¢c
Incision infection 6(4.88%) 5(4.07%) 0.951c
Urinary tract infection 1(0,81%) 1(0.81%) 0.917c
30-day readmission 4(3.25%) 3(2.44%) 0.849¢
30-day mortality 0 0
30-day reoperation 1(0,81%) 0 0.351c

Abbreviations: m, Mann—Whitney; c, chi-square; f, Fisher’s exact; LAR, low anterior resection; APR, abdominoperineal resection; SG, short-interval group; LG, long-

interval group.

44 patients in LG (P=0.972). The median follow-up time
was 38 months (15—-84) in all patients, 39 months (16—84) in
the SG group and 38 months (15-50) in LG (P=0.38).
Recurrence or metastasis occurred in 36 (29.5%) patients,
18 patients in SG, and 18 patients in LG, respectively
(P = 0.639). The 3-year disease-free survival was 72.3%
in SG and 68.4% in LG (P=0.795) (Figure 2A). The 3-year
overall survival of the two groups was very similar, at
83.1% and 80.7%, respectively (P=0.824), with no statisti-
cal significance (Figure 2B). COX analysis showed that
recurrence or metastasis after neoadjuvant chemoradiother-
apy was correlated with positive lymph nodes (P<0.05),
HR=4.812 (95% CI 2.4-9.648), overall survival time was
correlated with positive lymph nodes (P=0.003), HR=4.348
(95% CI 1.67-11.349) (Table 5).

Discussion
Currently, the time interval between the last radiother-
apy and standard TME operation for rectal cancer after
neoadjuvant chemoradiotherapy remains controversial.
Most studies believed that the prolongation of opera-
tion interval could reduce the local recurrence rate, but
precise interval time is still uncertain.®*'®2! This
study prolonged the interval to 11 weeks and analyzed
the surgical conditions, postoperative complications,
pathological examination results, and oncological
outcome.

The Lyon R90-01 randomized-controlled trial divided
patients into 2-week and 6-8-week intervals for operation.
The results showed that compared with the 2-week group,

the 6-8-week group had better tumor regression, downstage,
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Table 3 Post-Operation Pathological Characteristics

SG (n=66) LG (n=57) | P value

Degree of differentiation 0.443c

High differentiation 1(0,81%) 0

Moderate differentiation 40 (32.52%) | 35(28.46%)

Poor differentiation 14(11.38%) 8(6.5%)

Mucinous adenocarcinoma 11(8.94%) 14(11.38%)
ypT stage 0.431c

To 12(9.76%) 10(8.13%)

T, 2(1.62%) 0

T, 20(16.26%) 12(9.76%)

T3 17(13.82%) 17(13.82%)

T4 15(12.2%) 18(14.63%)
ypN stage 0.097c

No 46(37.4%) 31(25.2%)

N, 11(8.94%) 19(15.45%)

N, 9(7.32%) 7(5.69%)
ypTN tage 0.116c

0 11(8.94%) 10(8.13%)

| 19(15.45%) 7(5.69%)

Il 17(13.82%) 15(12.2%)

1] 19(15.45%) 25(20.33%)
T downstaging (ypT<cT) 41(33.33%) 30(24.39%) 0.228¢
N downstaging (ypN<cN) 45(36.59%) 38(30.89%) 0.858¢
TN downstaging (ypTN<cTN) 44(35.77%) 29(23.58%) 0.075¢
TRG 08llc

TRGO 11(8.94%) 10(8.13%)

TRGI 8(6.5%) 4(3.25%)

TRG2 23(18.7%) 20(16.26%)

TRG3 24(19.51%) 23(18.7%)
pCR (ypToNo) 11(8.94%) 10(8.13%) 0.897¢
Number of harvested lymph nodes | 10(5-15) 8(3-12) 0.038m
Number of positive lymph nodes 0(0-1) 0(0-1.5) 0.302c

Abbreviations: m, Mann—Whitney; c, chi-square; TRG, tumor regression grad-
ing; pCR, pathological complete remission; SG, short-interval group; LG, long-
interval group; T, tumor; N, nodal; TN, tumor and nodal stage; ypT, pathological
tumor stage after neoadjuvant therapy; ypN, pathological nodal stage after
neoadjuvant therapy; ypTN, pathological tumor and nodal stage after neoadju-
vant therapy; cT, clinic tumor stage; cN, clinic nodal stage; cTN, clinic tumor and
nodal stage; ypToNo, pathological tumor 0 stage and nodal 0 stage after neoad-
juvant therapy.

sphincter preservation rate, and pathological complete remis-
sion rate. Since then, 6-8 weeks had been considered as the
best appropriate time for operation after nCRT.” Prolonging
interval time could increase tumor regression, enabling
patients to acquire enough neoadjuvant chemotherapy time,
which might increase the possibility of pathological complete
remission.®”'®2! Nevertheless, with the prolongation of the
interval time, the tissue fibrosis in the radiotherapy area
became more serious. Planar fibrosis, severe edema, and

local inflammation increased the difficulty of TME operation

Table 4 Influence Factors of Pathological Complete Remission
by Multivariate Analysis

HR 95% CI Pvalue
LOW | UP

Operation interval after 0.984 | 0.375 2.585 | 0.975
radiotherapy
CEA level before nCRT 1.042 | 0.381 2.851 | 0.936
Location of tumor before nCRT | 0.694 | 0.258 1.863 | 0.468
T stage before nCRT 0.882 ( 0.334 | 233 0.801
Positive lymph nodes before 1.15 0.283 | 4.669 | 0.845
nCRT
MRI EMVI (+) before nCRT 2.343 | 0.828 | 6.628 | 0.109
Neoadjuvant chemotherapy 1.821 | 0.491 6.757 | 0.37

Abbreviations: T, tumor; CEA, carcinoembryonic antigen; EMVI, extramural vas-
cular invasion; nCRT, neoadjuvant chemoradiotherapy; MRI, magnetic resonance
imaging; HR, hazard ratio; Cl, confidence interval; LOW, low limitation; UP,
up limitation.

and the related risks during operation.'” Garcia-Aguilar et al*®
found that pelvis fibrosis was more severe with an 11-week
interval time than with a 6-week interval time after nCRT. The
randomized-controlled study of GRECCAR-6"* showed that
compared with a 7-week interval time, an 11-week interval
time after nCRT would increase postoperative complications
and the risk of local recurrence, and affect the quality of total
mesorectal excision. However, the prolongation of interval
time did not mean an increase in surgical difficulties and
complications. Our study found that the estimated blood loss
during the operation was basically identical when the interval
time was prolonged to 11 weeks. Although the pelvis fibrosis
gradually increased after 11 weeks, the edema gradually sub-
sided in the radiotherapy area, and the anatomical plane of the
surgical area was clear. Therefore, prolonging to 11 weeks did
not increase the operation time, intraoperative bleeding, and
complications. After nCRT, the rate of sphincter preservation
in middle and low rectal cancer would increase.” Huntington

et al**

found that the rate of sphincter preservation was not
correlated with interval time, but sphincter preservation rate
would decrease if the interval time was extended to 60 days.
The sphincter preservation rate of middle and low rectal cancer
in our study was 66.7% (SG) and 59.6% (LG), respectively. It
might be inferred that the tumors would not shrink after reach-
ing a certain time point, which is the best time for surgery.
Moore et al'® observed that anastomotic leakage and pelvis
abscesses happened more frequently when the operation was
carried out after an interval time of 44 days. The present study
revealed that the incidence of anastomotic leakage in LG was
higher than SG. It illustrated that complications after nCRT for
rectal cancer had nothing to do with prolongation of interval

Cancer Management and Research 2020:12

submit your manuscript

2321

Dove


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

11 weeks
211 weeks

4= <11 weeks-censored
211 weeks-censored

Disease-free Survival

P=0.795

T T T T T

Time after surgery (month)

<11 weeks

| =11 weeks
= [~ <11 weeks-censored
Ll 211weeks-censored

Overall Survival

P=0.824

T T r
0 2 w0 &0 ) 100
Time after surgery (month)

Figure 2 (A) Comparison of disease-free survival between the groups by Kaplan—Meier curves. (B) Comparison of overall survival between the groups by Kaplan—Meier

curves.

time®. Prolonging interval time could relieve intestinal
edema, which was beneficial to getting a clean anatomic
planner and better anastomosis. Nevertheless, most patients
with sphincter preservation accepted preventive stoma in order
to avoid serious postoperative complications, which caused
the number of anastomotic leakages observed in the study to
be lower than the actual number.

Previous studies have found that DNA destruction of
tumor cells mediates apoptosis leading to tumor regres-
sion, which is closely related to the interval time.
Prolonging the interval time properly could provide better
tumor regression and higher pathological complete remis-

sion rate.*?%3' It has been reported that about 30%

of rectal tumors did not shrink and 6% of rectal tumors-
gained progression after appropriate nCRT.?! The degree
of tumor regression is closely correlated with the prog-
nosis of oncology.”*~**> Pathological complete remission
indicates a good prognosis.*>'®2! Sloothaaket et al*
found that the highest PCR rate (18.0%) could be obtained
by prolonging the operation interval to 10-11 weeks after
nCRT. It has been proven that as the interval time
increased within 12 weeks, the rate of tumor regression
and pCR rate increased gradually, which would decrease
over 12 weeks interval time.'* De Andrade et al*' per-
formed a study which exhibited that interval time was the
sole influencing factor of pathological complete remission,

Table 5 Influence Factors of Overall Survival and Disease-Free Survival After Neoadjuvant Chemoradiotherapy

os DFS
P value HR 95% CI P-value HR 95% CI
Low uUp Low up

Age 0.296 0.977 0.936 1.02 0.2 0.979 0.948 1.011
Gender 0.743 1.179 0.44 3.159 0.467 1.319 0.626 2.78
T stage before nCRT 0.324 0.628 0.249 1.582 0.782 0.906 0.452 1.816
Clinical stage before nCRT 0.556 0.679 0.187 2.465 0.89 0.926 0.312 2.753
Postoperation pathology T stage 0.716 0.893 0.484 1.648 0.344 0.798 0.5 1.273
Postoperation pathology stage 0.504 0.554 0.098 3.125 0.98 1.016 0.301 3.424
Postoperation lymph nodes (+) 0.003 4.348 1.67 11.319 0 4812 24 9.648
yPTRG 0.078 1.648 0.945 2.873 0.178 1.456 0.843 2515
Interval time after radiotherapy 0.651 0.809 0.322 2.029 0.592 0.824 0.406 1.671

Abbreviations: OS, overall survival; DFS, disease-free survival; nCRT, neoadjuvant chemoradiotherapy; ypTRG, pathological tumor regression grading after neoadjuvant
therapy; T, tumor; HR, hazard ratio; Cl, confidence interval; LOW, low limitation; UP, up limitation.
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and prolonging interval time over 8 weeks would clearly
increase the pathological complete remission rate.
However, some other studies have shown that prolonging
the interval time after nCRT did not increase pCR; instead,
this would increase postoperative complications and the
occurrence of distant metastasis during the waiting
period.”*'* Our study showed that the pathological com-
plete remission rate was 16.7% (11/66) in SG and 17.5%
(10/57) in LG. Multivariate analysis showed that pCR of
tumors had nothing to do with interval time; meanwhile,
prolonging interval time did not increase the pCR.

A meta-analysis showed that there was no significant
difference in 5-year overall survival and disease-free survi-
val between the group with an interval time within 68
weeks and over 6-8 weeks.’® Similar conclusions were
drawn in our study that 3-year overall survival and disease-
free survival in SG were superior to LG. Appropriate pro-
longation of interval time could make tumors regress
further and provide opportunities for Ry resection, which
could reduce local recurrence and distant metastasis as far
as possible. However, another study found that the 5-year
OS and DFS of patients with interval time over 8-weeks
were lower, compared with an interval time of less than 8
weeks.?” Prolonging interval time increases pelvis fibrosis,
which made it difficult to distinguish the operation plane,
increased the difficulty of operation, reduced the quality of
TME, decreased chances to complete R, resection, and
increased the risk of local recurrence and distant metastasis;
as a result, overall survival and disease-free survival for
patients would decline. Erkan et al*® carried out a study
which showed that the 5-year overall survival of patients
after nCRT with lymph node-negative was better than with
lymph node-positive (80 vs 86%, P=0.014 HR=1.74, 95%
CI 1.33-2.28). It indicated that positive lymph node was
a risk factor for oncologic outcome. Studies have reported
that lymph node metastasis occurred in 6—-17% of patients
with primary tumor complete remission (ypTy) after neoad-
juvant chemoradiotherapy.’®*° Twenty-two patients had
complete regression (ypTy) after nCRT in our study, includ-
ing one patient with positive lymph node in the long-
interval group and the rate of positive lymph node was
4.5%. There were two possible reasons for the phenomenon
above. In the first place, the radiotherapy dose in the lym-
phatic drainage area was lower than for the primary tumor.
Secondly, the tumor metastasized to lymph nodes because
of an interval time that was too long. Survival analysis
showed that a positive lymph node was an important influ-
encing factor for 3-year overall survival. The 3-year

disease-free survival was also closely correlated with posi-
tive lymph nodes. A tumor with positive lymph node was
defined as TNM stage III, which had a lower survival rate
and higher risks of local recurrence and distant metastasis
than tumors with negative lymph node. Therefore, rectal
cancer after nCRT with pathological complete regression
(ypToNp) had a better oncologic outcome.

There are many limitations to this study. Firstly, the
study is a single-center retrospective study, which may
have selection bias. Although a large amount of basic
information is collected, there is information bias still.
Secondly, recurrence and metastasis of rectal cancer
occurred mostly in the first three years after operation.
The follow-up time of most patients was 3 years, which
was insufficient to evaluate the prognosis of rectal can-
cer, including survival rate. Thirdly, postoperative com-
plications were not classified according to Clavien—
Dindo complications, which caused imprecise analysis.
Finally, the regimen and times of preoperative and post-
operative chemotherapy may affect the pathological
results and oncological outcome. We did not compare
the regimen and times of chemotherapy between the two
groups in the study.

Conclusion

In conclusion, prolonging the interval time to 11 weeks
after neoadjuvant chemoradiotherapy for middle and low
rectal cancer does not increase the pathologic complete
remission, morbidity, and mortality. There is no significant
effect on oncologic outcome after prolonging the interval
time to 11 weeks. Therefore, it is safe to prolong interval
time to 11 weeks. It is necessary to carry out a larger
prospective randomized study so that the precise interval
time after nCRT can be confirmed, which will conduct
better oncological outcome.

Abbreviations

BMI, body mass index; CI, confidence interval; DFS, disease-
free survival; TME, total mesorectal excision; nCRT, neoad-
juvant chemoradiotherapy; nCT, neoadjuvant chemotherapy;
LARC, locally advanced rectal cancer; pCR, pathological
complete remission; CRC, colorectal cancer; MRI, magnetic
resonance imaging CRM, circumferential resection margin;
EMVI, extramural vascular invasion; TRG, tumor regression
grading; CEA, carcinoembryonic antigen, CA19-9, carbohy-
drate antigen 19-9; LAR, low anterior resection; APR, abdo-
minoperineal resection; HR, hazard ratio.
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