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Abstract

BACKGROUND

The effects of consolidation chemotherapy (CC) in neoadjuvant therapy in locally
advanced rectal cancer (LARC) have been explored. However, the optimal neoadjuvant
chemoradiotherapy (NCRT) and surgery interval, regimen, and cycles of chemotherapy

remains unclear.

AIM
To evaluate the effects of one to two cycles of CC with capecitabine on high-risk

patients with LARC without extending NCRT and surgery interval.

METHODS

We retrospectively evaluated high-risk patients with LARC, who were defined as
having at least one of the following factors by magnetic resonance imaging: depth of
invasion beyond the muscularis propria of more than 5 mm (cT3c-cT3d), T4, meso-
rectal fascia or extramural vascular invasion positive, and treatment date between
January 2015 and July 2019 in our center. Patients were divided into the CC and non-CC
group according to whether they received CC (capecitabine 1000 mg/m?2twice daily
from days 1 to 14 every 21 days) after NCRT. Propensity score matching (PSM) and
inverse probability of treatment weight (IPTW) were used to balance the differences

between the two groups. The main outcome was the complete response (CR) rate.

SULTS
A total of 265 patients were enrolled: 136 patients in the CC group and 129 patients in
the non-CC group. The median interval was 70 (range, 37-168) days. The CR rate was
243% and 16.3% (P = 0.107) in the CC and non-CC groups’ original samples,
respectively. After PSM and IPTW, the CR rate in the CC group was higher than that in
non-CC group (27.6% vs. 16.2%, P = 0.045; 25.9% vs. 16.3%, P = 0.045). The median

follow-up was 39.8 (range, 2.9-74.8) months, and there were no differences in 3-year




non-regrowth disease-free survival nor overall survival in the original samples (73.2%
vs. 71.9%, P = 0.913; 92.3% vs. 86.7%, P = 0.294), PSM (73.2% vs. 73.5%, P = 0.865; 92.5%
vs. 89.3%, P = 0.612), and IPTW (73.8% vs. 72.1%, P = 0.913; 92.4% vs. 87.4%, P = 0.294).
There was also no difference in grade 2 or higher acute toxicity during neoadjuvant

therapy in the two groups (49.3% vs. 53.5%, P = 0.492).

CONCLUSION
One to two cycles of CC with capecitabine after NCRT was safe and increased the CR

rate in high-risk LARC but failed to improve the long-term outcomes.
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Core Tip: This is the first study to explore the effects of one to two cycles of
consolidation chemotherapy with capecitabine after NCRT in magnetic resonance
imaging (MRI)-defined high-risk patients with LARC without extending NCRT and
surgery interval. After propensity score-matching and inverse probability of treatment
weighting, the complete response rate increased. Although it showed no significant
difference in long-term results, this relatively low-toxicity program deserves further

exploration.

INTRODUCTION

Neoadjuvant chemoradiotherapy (NCRT) followed by total mesorectal excision

(TME) was the standard treatment for patients with locally advanced rectal cancer




(LARC)[™- 2. After NCRT, approximately 50%_to 60% of LARC patients were
downstaged, and nearly 20% achieved pathologic complete response (pCR)[3-4l. Patients
with pCR have better prognosis than those with worse regressionl*l. In addition, the
“watch-and-wait” approach is feasible for patients who achieved clinical complete
response (cCR) after neoadjuvant therapy, which has significantly improved their
quality of lifel7-10],

Accurate staging before treatment is extremely important, and magnetic resonance
imaging (MRI) has unique advantages compared with other radiology methods for
rectal cancersl!ll. Although the current American Joint Committee on Cancer (AJCC)
Tumor Node Metastasis staging system stratifies patients with rectal cancer, some rectal
MRI-based parameters, such as the extramuscular invasion distance, mesorectal fascia
(MRF), and extramural venous invasion (EMVI) statuses are strongly related tothe
prognosis’?, On the basis of the MERCURY series study!!®], the European Society for
Medical Oncology (ESMO) clinical practice guidelines recommend treatments after
stratifying rectal cancer by using pelvic MRI . Previous studies showed that the
complete response (CR) rate after NCRT of low-risk patients with rectal cancer was
more than 30%[1%16l. However, that of high-risk patients with rectal cancer were
approximately 10%-20%I>17]. Increasing the CR rate, especially in high-risk patients, is a
current research target for neoadjuvant therapy in LARC.

Several studies have explored the effects of additional induction or consolidation
chemotherapy (CC)'522lin neoadjuvant therapy in LARC. However, the optimal timing,
regimen, and number of cycles in chemotherapy remained unknown. Compared with
induction chemotherapy, CC seemed to improve CR rate, but the increase in CR rate
might also be related to the prolonged interval between NCRT and TME surgery(?-27].
The extended time could also aggravate pelvic fibrosis, thus making surgery more
difficult!®land potentially offsetting the tumor reduction benefit. In addition, most of
the regimens in neoadjuvant chemotherapy consisted of double or triple drugs that
increased the toxicity induced by treatment (2. 22l The additional oxaliplatin in

concurrent chemotherapy not only increased toxicity but also failed to improve the




efficacy(2?31l. Previous studies have also explored CC with capecitabine monotherapy in
LARCI2 33, However, patients in these studies were not stratified by pelvic MRI before
treatment.This retrospective study explored the effects of one to two cycles of CC with
capecitabine after NCRT in high-risk LARC patients without extending the time
between the end of NCRT and surgery by considering the efficacy and low toxicity of

capecitabine in the treatment of rectal cancer and the convenience of oral therapy.

MATERIALS AND METHODS

Patients

From January 2015 to July2019, all patients with histologically confirmed, newly
diagnosed locally advanced rectal adenocarcinoma with tumors within 15 cm of the
anal verge were included in the screening. The inclusion criteria included (1)high-risk
patients with LARC defined by MRI, including at least one of the following high-risk
factors:depth of invasion beyond the muscularis propria of more than 5 mm (cT3c-T3d),
T4, EMVI (+), or MRF (+); (2) patients whohad not received induction chemotherapy; (3)
patients who achieved cCR or underwent surgery after NCRT in our center; (4)patients
older than 18 years old; and (5)patients with an Eastern Cooperative Oncology Group
score of £2 points and with no medical comorbidities or other tumors with a poor
prognosis.Patients were divided into two groups, namely, the CC and non-CC
groups,on the basis of CC administration during the interval between NCRT and
surgery.
MRI assessment

A high-resolution, diagnostic, or simulation3D T2-weighted sequence MRI was
performed before NCRT. The scanning layer thickness was 3-5 mm, with mandatory
axial scanning perpendicular to the long axis of the rectal tumor!3 %1, The tumor stage,
T3 substage, lymph node metastases, EMVI, MRF, and tumor length and thickness were
evaluated in primary MRI on the basis of the ESMO andthe European Society of

Gastrointestinal and Abdominal Radiology consensus meeting guidelines(': 31,




Evaluating tumor regression by MRI is still strongly recommended after NCRT,
especially to diagnose cCR.
Neoadjuvant treatment

Computed tomography (CT) simulations were performed with a thermoplastic film
with patients in the supine position by using contrast-enhanced CT with a 5 mm slice
thickness. An empty rectum and a filled bladder were required to ensure consistency in
the rectal tumor positioning and protect the intestine from radiation. MRI simulation
was mandatory to obtain a more accurate tumor location. The target contour details
were described previouslyP¢l. The Simultaneous Integrated Boost-Intensity Modulated
Radiation Therapy was delivered during radiotherapy. The prescription doses for the
planning gross tumor volume and planning target volume were 50-50.6Gy and 41.8-45
Gy, respectively, in 22-25 fractions.Chemotherapy with capecitabine at 825 mg/m2was
administered orally twice daily and concomitantly with radiotherapy. One to two
weeks after NCRT, one to two cycles of capecitabine (1000 mg/m?twice daily, d1-
d14/q21d) were administered.

Patients underwent detailed and comprehensive restaging, including tumor
marker, digital rectal examination, rectal endoscopy, and pelvic MRIsix to eight weeks
after NCRT. CT scans of the chest and abdomen were also performed to assess distant
metastases. All patients received a multi-disciplinary team evaluation to develop a
further treatment strategy. For patients who achieved cCR, a non-operative “watch-
and-wait” strategy with rigorous and meticulous follow-upwas feasible.The cCR
diagnostic criteria included the following: (1) the absence of a viable tumor on MRI; (2)
negative biopsies from the scar; (3) normal carcinoembryonic antigen (CEA) levels (<5
ng/mL); and (4)no signs of distant metastasis. Patients who did not achieve cCR were
highly recommended with surgery based on the TME principles. The pathology reports
were based on the AJCC/College of American Pathologists standards[37l. R0 resection
was defined as a longitudinal margin and circumferential resection margin of no more

than 1 mm.




Adjuvant CapeOX chemotherapy (oxaliplatin 130 mg/m?, d1; capecitabine 1,000
mg/m2twice daily, d1-d14/q21d) was recommended for every patient, and
capecitabine monotherapy was the alternative. Full-dose adjuvant chemotherapy was
defined as capecitabine for six months or CapeOX for more than six cycles.

Follow-up and outcome measures

Toxicities during neoadjuvant treatment were evaluated on the basis of the
Common Terminology Criteria for Adverse Events (version 3.0). After completing
primary treatment, the patients were followed up at three-month intervals for the first
two years, six-month intervals until five years, and annually thereafter byevaluating the
symptoms, tumor markers, chest and abdominal CT, pelvic CT or MRI, and physical
examination results.

The primary outcome was CR rate, including the pCR and ¢CR rate. Other
outcomes included pCR, TRG classification, non-regrowth disease-free survival (NR-
DES), overall survival (OS), and acute toxicity during neoadjuvant treatment. TRG
classification was based on the NCCN standard. NR-DFS was measured from the first
day of NCRT to any type of recurrence or death for any reason. OS was calculated from
the first day of NCRT to death for any reason.

Statistical analysis

Data were collected and analyzed using the Statistical Package for the Social
Sciences (IBM Corp. SPSS Statistics for Windows, version 22.0, Armonk, NY, USA) and
R statistical software package (R Project for Statistical Computing, version 4.1.2, Vienna,
Austria). The chi-square test and independent sample t-test/ Wilcoxon test were used to
compare the differences in the two groups. Propensity score (PS) analysis, including PS
matching (PSM) and inverse probability of treatment weighting (IPTW), were applied
to balance the baseline characteristics of the two groups. The PS was developed with a
logistic regression model, and variables including gender, age, tumor location,
pathology, CEA, T stage, tumor length, thickness, MRF, EMVI, and interval were
included. Patients in CC and non-CC groups were randomly matched 1:1 on the basis of

PS by using the nearest neighbor method (maximum caliper distance, 0.2).IPTW was




then calculated with PS by using IPTWs, and the number of observations is the sum of
the weightsP8l. The CR rates of the two groups in the original samples after PSM and
IPTW were compared. The proportions of pCR, TRG, ypT0-2, and ypNO were compared
in the original samples and after PSM. The Kaplan-Meier method was used to plot NG-
DFS and OS and was compared with the log-rank test. After PSM, subgroup analysis
and interaction were conductedto assess the heterogeneity of treatment effects. A p-

value < 0.05 was considered statistically significant.

RESULTS
Patient characteristics

During the study period, 265 atients who met the screening criteria were included
in the analysis. The median age was 59 (range, 25-82) years.In total, 183 (69.1%) were
males, 130 (49.1%) were categorized as a low location LARC,and130 (49.4%) had normal
CEAlevels. There were 168 (63.4%) patients with stage > T3b disease, 206 (77.7%)
patients who were MRF positive, and 170 (64.2%) patients with clinical EMVI
positivity.Overall, 136 patients (51.3%) receivechcc after NCRT (CC group), of whom
79 (56.8%) received 1 cycle of capecitabine, and the remaining 129 patients were
classified as the non-CC group.

Patients inthe CCgroup had a longer interval between the end of NCRT and
surgery (or the time of diagnosis of distant metastasis or cCR) than those in the non-CC
group (P = 0.04). All other factors did not differ between the two groups (Table
1). PSanalysis with PSM and IPTW achieved balance for all variables between the two
groups (Table 2). Histograms and density graphs description comparisons of the
original, PSM, and IPTW distributions of each group are shown in Figure 1.

Surgical and pathological outcomes

In the original samples before matching, 6 patients (2.3%) developed distant
metastasis, 9 (3.4%) achieved cCR and received the “watch-and-wait” approach, and the
remaining 250 (94.3%) undgrwent surgery after neoadjuvant therapy. Among patients

who received surgery, 126 were in the CC group, and 124 were in the non-CC group.




The mean interval in the CC and non-CC groups were 77.9 and 71.7 days (P =
0.015). The rates of pCR and TRGO were 21.4% vs. 14.5% (P = 0.155) and 24.6% vs. 16.9%
(P = 0.123) in the CC and non-CC group, respectively. The proportion of pNO and pTO-
2NO0 was 78.6%vs. 72.6% (P = 0.541) and 52.4% vs. 46.0% (P = 0.311).

After PSM, each group had 105 patients: 6 (2.9%) developed distant metastasis, 8
(3.8%) achieved cCR, and the remaining 196 (93.3%) unda'went surgery after
neoadjuvant therapy. Among patients who received surgery, 96 were in the CC group,
and 100 were in the non-CC group. The mean interval in the CC and non-CC groups
were 76.8 and 74.5 days (P = 0.410). The rate of TRG 0 in the CC group was higher than

at in the non-CC group (29.1% vs. 17.0%, P = 0.015). The pCR rate was 25.0% (24/96)
in the CC group, and 14.0% (14/100) in the non-CC group (P = 0.051). The proportions
of pT0-2N0 and ypNO in CC and non-CC groups were 59.4% vs. 46.0% (P = 0.061) and
77.1% vs. 72.0% (P = 0.712), respectively. Table 3 shows the details of surgery and
pathology in the two groups in the original samples before matching and after PSM.
Complete response rate and subgroup analysis

In the original samples before matching, there were 24.3% (33/136, 6 cCR and 27
PCR) of patients in the CC group, and 16.3% (21/129, 3 cCR and 18 pCR) of patients in
the non-CC group obtained CR (P = 0.107). After PSM, 5 and 24 patients achieved ¢
and pCR in the CC group, respectively, and 3 and 14 patients achieved cCR and pCR in
the non-CC group, respectively. The CR rate in the CC group was higher than that in
the non-CC group (27.6% vs. 16.2%, P = 0.045). After IPTW, the CR rate in the CC group
and the non-CC group was 25.9% (35/135) and 16.2% (21/130), respectively (P = 0.045).
Table 4 shows the CR rates and univariate regression of CC in the original samples
before matching and after PSM and IPTW.

In the exploratory subgroup analysis of the PSM cohort, the median of continuous
variables was used for grouping. The results showed that CC could improve the CR rate
in patients with MRF positive and intervals < 70 days. After the interactiontest, the
heterogeneity of the CC effect remained in the subgroup with interval (Figures 2).

Adjuvant chemotherapy




Adjuvant chemotherapy was collected for patients who underwent surgery. In the
original samples before matching, 146 patients (58.4%) received adjuvant
chemotherapy: 73 (57.9%) in the CC group, and 73 (58.9%) in the non-CC group (P =
0.881). Among them, 38 (30.2%) patients in the CC groupand 34 (27.4%) patients in
the non-CC group completed the full dose of adjuvant chemotherapy (P = 0.632). After
PSM, 117 patients (59.7%) received adjuvant chemotherapy: 56 (58.3%) in the CC group,
and 61 (61.0%) in the non-CC group (P = 0.704). A total of 28 patients (29.2%) in
the CCgroup and 27 (27.0%) patients in the non-CC group completed the full dose of
adjuvant chemotherapy (P = 0.736).

Long-term outcomes

The median follow-up time was 39.8 (range, 2.9-74.8) months. In the original
samples before matching, three (33.3%) of nine cCR patients developed local regrowth:
two patients within one year and one patient after two years; all three patients received
radical surgery. Furthermore, one (11.11%) of the nine patients developed distant
metastasis after one year. The three-year NR-DFS and OS were 73.2% vs. 71.9% (P =
0.913) and 92.3% vs. 86.7% (P = 0.294) in the CC and non-CC groups, respectively. After
PSM, the three-years NR-DFS and OS were 73.2% vs. 73.5% (P = 0.865) and 92.5% vs.
89.3% (P = 0.612). After IPTW, the three-year NR-DFS and OS in the CC group and non-
CC groups were 73.8% vs. 721% (P = 0913) and 92.4% vs. 874% (P = 0.294),
respectively (Figure 3).

Treatment-related toxicity

Treatment-related toxicity during neoadjuvant treatment was collected for _all 265

patients. In total, 136 (51.3%) patients showed grade > 2 toxicity; 67 (49.3%) patients

were in the CC group, and 69 (53.5%) patients were in the non-CC group (P = 0.492).

Proctitis/ diarrhea (28.3%) was the most common grade = 2 acute toxicity, followed by
ukopenia (21.9%). Nine (3.4%) patients developed grade 3 acute toxicity; 4 (2.9%)

patients were in the CC group, and 5 (3.9%) patients werg in the non-CC group. There

was no grade 4 toxicity, as well as toxicity-related deaths, in the two groups (Table 5).




DISCUSSION

To our knowledge, this is the first study to explore the effects of one to two cycles of
CC with capecitabine after NCRT for high-risk LARC patients. The results showed that
without extending the interval between the end of NCRT and surgery, this regimen
increased CR rates, but did not improve the three-year NR-DFS and OS.

Pelvic MRI has been widely used to evaluate rectal cancer. It could evaluate the
primary tumor and pelvic lymph node stage and accurately determine the depth of
invasion beyond the muscularis propria, MRF, and EMVI status that affected the
prognosis of patients. In 2001, Merkel ef al analyzed the postoperative pathology of 853
patients with rectal cancer and found that patients with tumor invasion distance < 5
mm had a better 5-year local recurrence rate and tumor-specific survival than those
with > 5 mm (10.4% vs. 26.3%, p < 0.0001; 85.4% vs. 54.1%, p < 0.0001)B9. In the
MERCURY study, patients who were MRF negative had better three-year DFS and OS
than those who were MRF positive (47.3% vs. 67.2%, p < 0.05; 42.2% vs. 62.2%, p <
0.01)401. A meta-analysis that included 6 studies of 1262 rectal cancer found that patients
with EMVI-positive were 3.91 times more likely to develop distant metastases than
EMVI-negative patients*!l. According to the depth of invasion beyond muscularis
propria, MRF, EMVI status and other factors, ESMO guidelines stratified the risk
groups in rectal cancer and recommended treatment options within the risk category!'ll.
For patients with high-risk rectal cancer, neoadjuvant chemoradiotherapy was still the
standard treatment!!!l,

After neoadjuvant treatment, patients with pCR had good long-term prognosisl4 3,
and patients with cCR could receive the “’watch-and-wait” strategy, which improved
the quality of life”1%. Maas et al analyzed 3105 LARC, and the results showed that
patientswithpCR had significantly better five-year DFS (83.3% vs. 65.6%, p < 0.0001),
local recurrence (2.8% vs. 9.7%, p < 0.0001), and distant metastases (11.2% vs. 25.1%, p <
0.0001) rates than those who did not achieve pCRI®l. The International Watch and Wait
Database and OnCoRe project showed that cCR patients had stable biological behavior

and good prognosis with a local regrowth rate of 20%-25.2%, distant metastasis of 7%-




9%, and a five-year OS of 73%-97%[-10. In our study, 33.3% (3/9) patients had local
tumor growth, and 11.1% (1/9) had distant metastasis; these findings were higher than
those in published data. This might be related to the small size of the cCR patients, and
all patients enrolled in the study were at high-risk with LARC. Therefore, this result
deserved further exploration.

Although patients with pCR had good prognosis, the pCR rate after NCRT was
approximately 20%, and it was even lower in patients with high-risk LARCI5 171, To
increase the CR rate, some studies explored the effect of CC. Garcia-Aguilar et al
analyzed zero, two, four, and six cycles of FOLFOX after NCRT in LARC, and the pCR
rates increased (18% for zero cycles, 25% for two cycles, 30% for four cycles, and 38% for
six cycles)?l. The CAO/ARO/AIO-12 studyanalyzed three additional chemotherapy
cycles before and after NCRT in MRI-defined high-risk LARC.The results
demonstrated that the pCR rate in the CC group was better than that in the induction
chemotherapy group (25% vs. 17%)1°. However, increasing the cycles of CC also
prolonged the interval between NCRT and surgery, and current research indicates that
the extended intervals increase the pCR ratel?® 42l When the time was 10-11 wl_the
PCR rate was the highest(®]. In the original samples before matching, the interval in the
CC group was longer than that in the non-CC group. After PSM and IPTW, the interval
was balanced in the 2 groups with a median of 70 days, and the CR rate in the CC group
was higher than that in the non-CC group. The subgroup analysis showed that the CR
rates increased when the interval was <70 days. This may be because all the patients
enrolled in this study were at high-risk with LARC, and the standard dose of NCRT
was not enough to get the best regression. When the interval was <70 days, both low-
intensity CC and extending time could increase the tumor regression.

Several studies have also explored the effect of CC with capecitabine after NCRT.
Zampino et al evaluated the effect of NCRT followed by 2 cycles of capecitabine in 51
patients. The interval between the end of NCRT and surgery was less than eight weeks.
The results showed that the pCR rate was 18%, and the five-year DFS was 85.4%, with

no increase in acute toxicity or postoperative complications!®?. The OIGIT-01 trial was




designed with 1 cycle of induction chemotherapy with capecitabine followed by NCRT
and 2 cycles of CC with capecitabine in 66 patients. The median interval was eight
weeks, and this regimen was well-tolerated. The pCR rate was 17.5%, and the 5-year
DFS was 64%[3.However, these two studies were single-arm studies with a small
sample size, and the patients were not stratified by pelvic MRI before treatment. In a
previous study, we analyzed the efficacy of one to two cycles of CC with capecitabine in
low-risk patients with LARC, which did not improve the CR rate and three-year NR-
DFS[16l. In the currept study, we included high-risk patients with LARC. After PSM and
IPTW, the CR rate in the CC group was higher than that in the non-CC group. Data
after PSM also showed that the CC increased the rate of TRG 0. In addition, subgroup
analysis after PSM showed that MRF-positive patients were more likely to benefit from
CC. These results suggest that one to two cycles of CC with capecitabine can increase
tumor regression in high-risk patients with LARC, thus providing new evidence for the
individualized treatment of patients with LARC.

The PRODIGE 23 trial explored the intensification of chemotherapy by using triple
drugsbefore NCRT, and the results showed that it significantly improved three-
year DFS (76% vs. 69%, p = 0.034)compared with NCRT in patients with LARCI22LIn the
CAO/ARO/AIO-12 study, there were no difference in the three-year DFSof patients in
the induction chemotherapy and CC groups (73% vs. 73%, P = 0.82)/*3], In the current
study, one to two cycles of CC with capecitabinedid not increase the three-year NR-DFS
in high-risk patients with LARC(73.2% vs. 71.9%, P = 0.913). Intensified systemic
therapy should be implemented to improve long-term outcomes.

As a single-center retrospective study, this study had some inherent limitations.
First, despite applying the PSM and IPTW analysis to balance differences between the
two groups, bias might still exist in the study. Second, the sample size was small, and
the follow-up time was short. Prospective studies with more participants and a longer

follow-up period need to be performed to confirm these findings.

CONCLUSION




Without extending the interval between the end of NCRT and surgery, one to two

cycles of CC with capecitabine after NCRT was safe and increased the CR rate in high-
risk patients with LARC. However, it failed to improve long-term outcomes. This study

provides a powerful rationale for further exploration in phase 3,multicenter,

randomized trails.
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