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Regional transarterial
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with chemoradiotherapy for
locally advanced rectal cancer: a
retrospective study of a
new combination
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and Chun-Xue Li2*
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Objectives: Locally advanced rectal cancer (LARC) has a high risk of distant

metastasis (DM). Currently, many treatment courses of LARC have arisen, but

patients’ DM status has not significantly improved. This study was designed to

compare the effect between preoperat ive regional transarter ia l

chemoembolization combined with neoadjuvant chemoradiotherapy and

standard neoadjuvant therapy on preventing DM in patients with LARC.

Methods: A total of 81 LARC patients between July 2013 and May 2018 were

enrolled in this retrospective study. Among them, 44 patients received

preoperative regional transarterial chemoembolization combined with

concurrent chemoradiotherapy (the interventional group), and 37 patients

received only neoadjuvant chemoradiotherapy (the control group). The baseline

data; preoperative toxicities; postoperative DM rate within 1, 2, and 3 years; and

postoperative complications were compared between the two groups.

Results: All patients successfully completed their treatments. There were no

significant differences between the two groups in age, gender, tumor size,

distance between the tumor and anal verge, CEA level, lymphovascular

invasion, or tumor stage before treatment. The pathological T staging post-

treatment in the interventional group was significantly reduced compared to that

of the control group (p = 0.025). There were no significant differences between

groups in DM rates within 1 and 2 years after surgery. In terms of DM rate within 3

years after surgery, the interventional group was significantly lower than that of

the control group (9.1% vs. 29.7%, p = 0.036).

Conclusion: Preoperative regional transarterial chemoembolization combined

with concurrent chemoradiotherapy may play an important role in reducing

postoperative DM in LARC.

KEYWORDS

transarterial chemoembolization, neoadjuvant therapy, locally advanced rectal cancer,
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Introduction

Rectal cancer is one of the most common and fatal malignant

tumors in China and even around the world. Currently, the number

of patients with rectal cancer is increasingly high. According to

GLOBOCAN 2020, there were 732,210 new cases and 339,022 new

deaths (1). Among the reasons for the treatment failure of rectal

cancer, distant metastasis (DM) is the major one, of which the liver

is the most common metastatic organ (2). According to recent

published statistics, approximately 15% to 20% of rectal cancer

patients are diagnosed with liver metastasis at their first diagnosis

(3). Additionally, if no accurate or effective treatment is given, at

least half of those premetastatic patients will ultimately develop

rectal liver metastasis (RLM) during the treatment process (4).

Thus, a worse quality of life and poorer prognosis might occur

accordingly. Once RLM occurs, the 5-year survival rate is only

approximately 10% (5). Locally advanced rectal cancer (LARC) is of

middle-advanced stage, and has a higher risk of DM because of its

treatment difficulty and rapid progression (6). Therefore, for LARC

patients, apart from surgical operation, prevention of DM is also the

focus during treatment. For this reason, neoadjuvant therapy has

been proposed for years, but it only reduces the local recurrence rate

of LARC. Among the current standard treatments, regardless of

how the neoadjuvant chemotherapy regimen is adjusted or

improved, patients’ long-term efficacy, especially DM rate, has not

been significantly improved (7). Therefore, many creative regimens

based on neoadjuvant therapy have been proposed such as total

neoadjuvant therapy (TNT). For TNT, there also have not been any

consensus because different conclusions have been reached in main

large clinical trials (8, 9). As a result, despite the adjustment in the

treatment course, patients’ DM has not significantly improved.

Preoperative regional transarterial chemoembolization, as a

neoadjuvant and conversion therapy, has been successfully

applied in liver and gastric cancer, but is rarely reported in the

rectum (10, 11). Owing to the lack of large-scale clinical studies and

guideline consensus, the method for rectal cancer was only

implemented in a limited number of hospitals. Neoadjuvant

chemotherapy for rectal cancer is based on 5-fluorouracil.

However, whether the application of oxaliplatin can benefit

patients in neoadjuvant therapy remains controversial. The CAO/

ARO/AIO-04 study is currently the only large-scale study with

positive results, with only improved disease-free survival (DFS) in

LARC patients (12). Some studies even found that the addition of

oxaliplatin increased the toxicity reactions with grade 3 to 4 among

patients, which was not worth the gain (13). Based on the above, we

designed this study by changing the route of administration of

oxaliplatin. Under radioactive intervention, oxaliplatin was directly

perfused into the tumor supplying arteries and supplemented by

embolization. Since July 2013, this method has been successively

used to treat primary tumors in LARC patients in our hospital, and

has achieved good results. Now, our team continues to

retrospectively compare whether it is different between this
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method combined with standard neoadjuvant therapy and

traditional neoadjuvant therapy in preventing DM.
Materials and methods

Study design

From July 2013 to May 2018, a total of 81 patients with LARC

who were admitted to our hospital were included in this

retrospective cohort study. All patients had a complete record of

at least 3 years of follow-up. The deadline for follow-up is May 2021.

Among them, 44 patients received preoperative regional

transarterial chemoembolization combined with neoadjuvant

chemoradiotherapy (the interventional group), and 37 patients

received only neoadjuvant chemoradiotherapy (the control

group). This research was approved by the Ethics Committee of

Daping Hospital of Army Medical University. All patients signed

the relevant informed consent.

Patients’ inclusion criteria were (a) aged 18 to 75 years old; (b)

the diagnosis of rectal adenocarcinoma was confirmed by the

pathological biopsy performed before the treatment; (c) in

accordance with the diagnostic criteria of LARC (clinical stage II

or III); (d) patients have complete details of follow-up after

hospitalization; and (e) performance status of 0–2 on the Eastern

Cooperative Oncology Group (ECOG) criteria.

The exclusion criteria were (a) a history of abdominal surgery,

radiotherapy, or chemotherapy; (b) medically uncontrolled serious

heart, renal, or liver failure, hemorrhagic peptic ulcer, paralysis of

intestine, ileus, or poorly controlled diabetes; (c) serious psyche or

intelligence problem; (d) withdrawn halfway anytime during

treatment or changed the established treatment plan without

permission; and (e) incomplete medical records in our

Computerized Patient Record System.
Treatment regimen

Among the interventional group, the preoperative regional

transarterial chemoembolization was performed on the first day.

The detailed process of this method was as follows. First, the

Seldinger method was used to puncture the femoral artery, and the

catheter was sent into the inferior mesenteric artery under digital

subtraction angiography (DSA). Iodixanol was chosen to serve as

contrast medium to show the rectal tumor supplying arteries, and

then a microcatheter was inserted through the catheter under

imaging. Next, oxaliplatin (Jiangsu Hengrui Medicine Co., Ltd.)

and normal saline were diluted to 50 ml, and infused slowly for

regional chemotherapy for at least 10 min. The dosage of oxaliplatin

was based on the patients’ body surface area (BSA; 85 mg/m2). After

infusion chemotherapy, gelatin sponge particles (350–560 mm;

Hangzhou Alicon) and iodixanol were injected into the superior
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rectal arteries for embolization. The chemoembolization process is

shown with the representative images in Figure 1. Afterwards, long-

course chemoradiotherapy was performed according to the

guidelines of the National Comprehensive Cancer Network

(NCCN). The oral chemotherapeutic agent was S-1 (Taiho

Pharmaceutical Company) taken for four consecutive weeks, and

the dosage was based on BSA (BSA < 1.25 m2, 80 mg; BSA = 1.25–1.5

m2, 100 mg; BSA > 1.5 m2, 120 mg).

Among the control group, long-course chemoradiotherapy was

also performed according to the guidelines of the NCCN. The oral

agent was capecitabine (Shanghai Roche Pharmaceutical Co., Ltd.),

and its dosage was 825 mg/m2 in line with BSA, twice a day, 5 days a

week, and taken for five consecutive weeks. Both groups received

the same regimen of long-course irradiation. The total dosage was

up to 50.4 Gy, 1.8 Gy/time, 5 days per week, then stopped for 2 days,

and lasted for about five consecutive weeks.

All patients in both groups underwent laparoscopic surgical

operation (Dixon or Miles) about 4 to 8 weeks after the end of

neoadjuvant therapy. The surgical procedure was in accordance

with the principle of total mesorectal excision. Among patients with

sphincter preservation, a protective stoma of the ileum or sigmoid

was routinely performed. XELOX or mFOLFOX6 adjuvant

chemotherapy was continued for 4 to 6 months guided by the

NCCN after radical surgery. Patients with protective stoma also

underwent stoma closure 4 to 6 months after ostomy.
Evaluation

Patients’ initial clinical information and follow-up data were

collected. The initial baseline items included age, gender, tumor

length, distance between the tumor and anal verge ,
Frontiers in Oncology 03
carcinoembryonic antigen (CEA) level, lymphovascular invasion,

and tumor staging pre- and post-treatment. Moreover, tumor

regression grade (TRG) was assessed according to the American

Joint Committee on Cancer (AJCC) criteria. The grade of TRG0

represents pathological complete remission. The preoperative

toxicities and postoperative complications were also assessed. The

3-year DM status was followed up postoperatively in the two

groups, and the number and rate of DM were recorded within 1,

2, and 3 years after surgery. The flow diagram of this study is shown

in Figure 2.
Statistical analysis

IBM SPSS 23.0 (IBM Corporation, Armonk, NY, USA) and

GraphPad Prism 8.0.2 (GraphPad Software, San Diego, CA, USA)

were used for statistical calculation and chart generation.

Measurement data are represented by the mean ± SD, and then a

t-test or Wilcoxon signed-rank test was performed according to

whether the data were normally distributed. Enumeration data were

analyzed by the chi-square test or Fisher’s exact test according to the

sample size. A p < 0.05 indicated that the difference between the two

groups was statistically significant.
Results

Patients’ demographic characteristics

There were no significant differences between the interventional

group and the control group in terms of age, gender, tumor length,
FIGURE 1

The images of a patient with locally advanced rectal cancer undergoing regional transarterial chemoembolization. (A) Iodixanol angiography in the
inferior mesenteric artery. (B) chemoembolization for the postsuperior rectal artery completed.
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FIGURE 2

The flow diagram of this study.
TABLE 1 Patients’ characteristics of the two groups.

Interventional group (n = 44) Control group (n = 37) Z/c2 p-value

Age (years) 56.6 ± 10.0 56.7 ± 10.1 −0.019 0.985

Gender (%) 0.063 0.802

Male 31 (70.5) 27 (73.0)

Female 13 (29.5) 10 (27.0)

Tumor length (cm) 3.8 ± 1.4 4.1 ± 1.9 −0.273 0.784

Tumor distance (cm) 5.8 ± 2.5 5.5 ± 2.2 −0.491 0.623

Baseline tumor staging (%)

cT3/T4 36/8 (81.8/18.2) 28/9 (75.7/24.3) 0.457 0.499

N+/N- 31/13 (70.5/29.5) 24/13 (64.9/35.1) 0.288 0.591

II/III 13/31 (29.5/70.5) 13/24 (35.1/64.9) 0.288 0.591

Baseline CEA level (%) 0.359 0.549

≤5.0 ng/ml 29 (65.9) 22 (59.5)

>5.0 ng/ml 15 (34.1) 15 (40.5)

Pathological staging (%)

ypT0/T1/T2/T3/T4 12/0/4/14/4 (27.3/0/31.8/9.1) 6/0/3/12/16 (16.2/0/32.4/43.2) 9.387 0.025

ypN+/N− 20/24 (45.5/54.5) 21/16 (56.8/43.2) 1.027 0.311

Tumor regression grade (TRG, %) 6.174 0.103

TRG0 (pCR) 14 (31.8) 7 (18.9)

TRG1 13 (29.5) 6 (16.2)

TRG2 12 (27.3) 14 (37.8)

TRG3 5 (11.4) 10 (27.0)

(Continued)
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distance between the tumor and anal verge, CEA level,

lymphovascular invasion, and tumor staging before treatment (p

> 0.05). We found that the pathological T stage post-treatment in

the interventional group was significantly reduced compared to that

in the control group (p = 0.025). All patients successfully completed
Frontiers in Oncology 05
radical surgery, and R0 resection was performed among all patients

except one with R1 resection in the control group. Also, at least four

cycles (three months) of adjuvant chemotherapy were conducted in

the two groups. The detailed data are shown in Table 1, suggesting

that the two groups were statistically comparable.
TABLE 1 Continued

Interventional group (n = 44) Control group (n = 37) Z/c2 p-value

Quality of surgical resection (%) / 0.457a

R0 44 (100) 36 (97.3)

R1 0 (0) 1 (2.7)

Lymphovascular invasion (%) 0.239 0.625

No 35 (79.5) 31 (83.8)

Yes 9 (20.5) 6 (16.2)

Adjuvant regimen (%) 0.132 0.716

CapeOX 22 (50.0) 20 (54.1)

mFOLFOX6 22 (50.0) 17 (45.9)

Time of adjuvant chemotherapy (months, %) 0.608 0.895

3 6 (13.6) 5 (13.5)

4 10 (22.7) 6 (16.2)

5 10 (22.7) 10 (27.0)

6 18 (40.9) 16 (43.2)
fron
aFisher’s exact test.
TABLE 2 Treatment-related toxicities and complications between the interventional group and the control group.

Preoperative toxicities (%) Interventional group (n = 44) Control group (n = 37) c2 p-value

Leukopenia 4 (9.1) 2 (5.4) 0.042 0.838a

Neutropenia 1 (2.3) 0 (0) / 1.000b

Anemia 6 (13.6) 5 (13.5) 0.000 1.000a

Thrombocytopenia 2 (4.5) 1 (2.7) 0.000 1.000a

Nausea and vomiting 20 (45.5) 18 (48.6) 0.082 0.774

Fatigue 9 (20.5) 9 (24.3) 0.174 0.676

Diarrhea 10 (22.7) 7 (18.9) 0.176 0.675

Appetite loss 13 (29.5) 14 (37.8) 0.622 0.430

Radiation enteritis 9 (20.5) 5 (13.5) 0.279 0.597a

Postoperative complications (%)

Incision infection 1 (2.3) 0 (0) / 1.000b

Pelvic infection 1 (2.3) 1 (2.7) 0.000 1.000a

Intestinal obstruction 0 (0) 1 (2.7) / 0.457b

Anastomotic leakage 1 (2.3) 1 (2.7) 0.000 1.000a

Urinary dysfunction 1 (2.3) 2 (5.4) 0.023 0.878a
t

aContinuous correction c2 test;
bFisher’s exact test.
iersin.org
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Treatment-related toxicities
and complications

During the pre- and postoperative process, we found that the

related toxicities and complications were all endurable among

all patients. In general, the occurrence of interventional

chemoembolization-, chemoradiotherapy-, and surgery-related

adverse events was similar between the interventional group and

the control group. There were no statistically significant differences

in toxicities and complications between the two groups (p > 0.05).

The details of these treatment related adverse events are shown

in Table 2.
Distant metastasis

During the 3-year follow-up after surgery, there were four cases of

DM in the intervention group, including three cases of liver
Frontiers in Oncology 06
metastasis and one case of lung metastasis, and there were 11 cases

of DM in the control group, including 5 cases of liver metastasis, 4

cases of lung metastasis, and 2 cases of bone metastasis. The 3-year

DM rate in the intervention group was 9.1%, which was significantly

lower than that in the control group (29.7%), and the difference was

statistically significant (p = 0.036), as shown in Table 3. A bar chart is

shown in Figure 3 to compare the DM rates of the two groups within

1, 2, and 3 years after surgery. A Kaplan–Meier curve was also drawn

in Figure 4 to compare the DM of the two groups.
Discussion

In this study, all patients in the interventional group were

successfully added and underwent interventional chemoembolization

in preoperative treatments. Chemotherapeutic agents are mostly given

intravenously; thus, local lesions and potential systemic micro-

metastases are both taken into account. However, owing to the long

time and cycle of administration, and the whole-body affection by these

drugs, patients often experience a series of toxic reactions, resulting in

delayed disease or even treatment failure. In addition, intravenously

infused agents will bind to plasma proteins in the blood, leading to fast

drug metabolism. Coupled with first-pass elimination, the remaining

drugs may not be able to meet the minimum dose required to kill the

tumor after reaching the regional tumor area (14). Therefore, it is

difficult to prevent local tumor cells from spreading to the body, and

more serious complications will occur if the dose of chemotherapeutic

agents is blindly increasing. As the results suggested, no additional

toxicities or complications were found in the interventional group

compared to the control group. Furthermore, all of them underwent

radical surgery as planned, and our preliminary study also confirmed

that there was no negative impact on the safety of surgical operations

and postoperative short-term outcomes (15).

In the first 2 years of follow-up, there was no significant

difference in DM between the intervention group and the

control group. After 3 years of follow-up, the 3-year DM rate of

the intervention group was 9.1%, which was much lower than that

of the control group (29.7%), and the difference was statistically

significant (p < 0.05). The results indicated that the high-intensity

killing effect of preoperative interventional chemoembolization on
TABLE 3 Comparison of 3-year distant metastasis between the interventional group and the control group.

Interventional group (n = 44) Control group (n = 37) c2 p-value

Liver metastasis (%) 3 (6.8) 5 (13.5) 0.400 0.527a

Lung metastasis (%) 1 (2.3) 4 (10.8) 1.270 0.260a

Bone metastasis (%) 0 (0) 2 (5.4) / 0.206b

Metastasis within 1 year after surgery (%) 3 (6.8) 4 (10.8) 0.058 0.810a

Metastasis within 2 years after surgery (%) 4 (9.1) 10 (27.0) 3.355 0.067a

Metastasis within 3 years after surgery (%) 4 (9.1) 11 (29.7) 4.388 0.036a
fron
aContinuous correction c2 test;
bFisher’s exact test.
FIGURE 3

Comparison of distant metastasis rates within 1, 2, and 3 years
after surgery between the interventional group and the control
group (*p < 0.05).
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local tumor cells and subclinical metastases significantly reduced

the probability of postoperative DM in LARC patients, and this

advantage gradually appeared over time. During interventional

chemotherapy and through the super-selection by microcatheters,

high concentrations of drugs are directly perfused in a short

period of time and accumulate in the tumor supplying arteries

in the rectum, so that the primary tumor and its exfoliated tumor

cells disseminated in surrounding tissues are continuously killed

by the drugs. This more direct route enhances the killing effect of

the agents on primary tumor cells. Because of this intra-arterial

administration, drugs can directly enter the blood circulation

starting from the rectal artery, accumulate in the portal vein,

and then enter the liver. Compared with systemic intravenous

chemotherapy, this method enables the first metabolism and

accumulation of drugs to transfer to the liver, so it is more

meaningful for preventing DM, especially liver metastasis (16).

Recently, a randomized multi-center trial proved that

preoperative hepatic and colorectal arterial chemotherapy is a

safe method for colorectal cancer, which significantly improved

the DFS rate after surgery (17). In this study, only the primary

lesion feeding arteries were infused and embolized. After the end

of infusion, embolization of the superior rectal arteries further

disrupted the tumor blood supply, accelerated tumor necrosis, and

prevented tumor cells from shedding into the systemic circulation,

thereby reducing the probability of DM again. DM is the main

cause of treatment failure in rectal cancer, and it is also the main

cause of cancer-related death, which greatly reduces the survival

time of patients with rectal cancer (18). Therefore, we have reason

to believe that the improvement in the DM rate in the intervention

group will have potential value for their longer-term survival

benefit, which is also the direction of our future study.
Frontiers in Oncology 07
There also remain limitations in this study. First, the sample

size in this study was too small, so that propensity score

matching could not be used to reach more convincing results.

Second, the insufficient follow-up time is also a shortage,

resulting in some unavoidable biases. Because of this, we did

not collect enough statistics, such as the overall survival (OS) of

these patients. For instance, a recent study indicated that among

LARC patients, oxaliplatin-based adjuvant chemotherapy could

only result in better DFS but not OS (19). In addition, the use of

chemoembolization of tumor vessels can offset the anti-tumor

effect of radiation. In this study, we did not take this factor into

consideration. Another limitation concerns our insufficient

pathological indicators such as intratumoral tumor budding

(TB). In recent years, TB has been regarded as an important

independent prognostic factor in LARC. Thus, more meaningful

indicators related to prognosis need to be included in our

subsequent studies. These limitations are inevitable for many

reasons. Therefore, large, multi-center randomized controlled

trials are still needed to verify the conclusions in this study.

In conclusion, preoperat ive regional transarter ial

chemoembolization combined with concurrent chemoradiotherapy

may play an important role in reducing postoperative DM in

patients with LARC. Further studies are needed to verify whether

this method can improve other long-term prognosis indicators.
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FIGURE 4

Kaplan–Meier curve of postoperative distant metastasis between the interventional group and the control group (p = 0.02).
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course oxaliplatin-based preoperative chemoradiation versus 5 × 5 gy and consolidation
chemotherapy for Ct4 or fixed Ct3 rectal cancer: results of a randomized phase iii study.
Ann Oncol (2016) 27(5):834–42. doi: 10.1093/annonc/mdw062

9. Bahadoer RR, Dijkstra EA, van Etten B, Marijnen CAM, Putter H, Kranenbarg
EM, et al. Short-course radiotherapy followed by chemotherapy before total mesorectal
excision (Tme) versus preoperative chemoradiotherapy, tme, and optional adjuvant
chemotherapy in locally advanced rectal cancer (Rapido): a randomised, open-label,
phase 3 trial. Lancet Oncol (2021) 22(1):29–42. doi: 10.1016/s1470-2045(20)30555-6

10. Yang B, Shan J, Feng Y, Dai N, Li M, Chen C, et al. Transcatheter rectal arterial
chemoembolization with oxaliplatin plus s-1 concurrent chemoradiotherapy can
improve the pathological remission rate in locally advanced rectal cancer: a
comparative study. Radiat Oncol (2020) 15(1):94. doi: 10.1186/s13014-020-01540-4
11. Peng D, Zhang B, Yuan C, Tong Y, Zhang W. Gastric transcatheter
chemoembolization can resolve advanced gastric cancer presenting with obstruction.
Front Surg (2022) 9:1004064. doi: 10.3389/fsurg.2022.1004064

12. Rödel C, Graeven U, Fietkau R, Hohenberger W, Hothorn T, Arnold D, et al.
Oxaliplatin added to fluorouracil-based preoperative chemoradiotherapy and
postoperative chemotherapy of locally advanced rectal cancer (the German Cao/Aro/
Aio-04 study): final results of the multicentre, open-label, randomised, phase 3 trial.
Lancet Oncol (2015) 16(8):979–89. doi: 10.1016/s1470-2045(15)00159-x

13. Gérard JP, Azria D, Gourgou-Bourgade S, Martel-Laffay I, Hennequin C,
Etienne PL, et al. Comparison of two neoadjuvant chemoradiotherapy regimens for
locally advanced rectal cancer: results of the phase iii trial accord 12/0405-prodige 2. J
Clin Oncol (2010) 28(10):1638–44. doi: 10.1200/jco.2009.25.8376

14. Gurney H. Dose calculation of anticancer drugs: a review of the current practice
and introduction of an alternative. J Clin Oncol (1996) 14(9):2590–611. doi: 10.1200/
jco.1996.14.9.2590

15. Meng W, Yang B, Huang B, Chen C, Zhu J, Jian D, et al. Impact of preoperative
transcatheter rectal arterial chemoembolization with concurrent chemoradiotherapy
on surgery and prognosis of patients with locally advanced rectal cancer. J Surg Oncol
(2021) 124(8):1451–8. doi: 10.1002/jso.26673

16. Lee B-H, Lee D-S, Cho CW, Yun S-S. Role and limitation of neoadjuvant hepatic
arterial infusion chemotherapy in advanced hepatocelluar carcinoma patients with
child-pugh class a. World J Surg Oncol (2019) 17(1):143–. doi: 10.1186/s12957-019-
1685-6

17. Zhu D, Xia J, Gu Y, Lin J, Ding K, Zhou B, et al. Preoperative hepatic and
regional arterial chemotherapy in patients who underwent curative colorectal cancer
resection: a prospective, multi-center, randomized controlled trial. Ann Surg (2021) 273
(6):1066–75. doi: 10.1097/sla.0000000000004558

18. Liu L-L, Sun J-D, Xiang Z-L. A nomogram to predict the prognosis of patients
with unresected rectal adenocarcinoma undergoing chemoradiotherapy: a population-
based study. J Cancer (2021) 12(16):4745–61. doi: 10.7150/jca.61642

19. Song JH, Lee JH, Kim SH, Um JW. Oxaliplatin-based adjuvant chemotherapy
rather than fluorouracil-based chemotherapy in rectal cancer is more efficient to
decrease distant metastasis and increase survival after preoperat ive
chemoradiotherapy and surgery: a meta-analysis. Int J Colorectal Dis (2022) 37
(3):649–56. doi: 10.1007/s00384-022-04096-9
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.7150/thno.51507
https://doi.org/10.1038/s41598-019-39651-y
https://doi.org/10.3892/ol.2018.7756
https://doi.org/10.3322/caac.21254
https://doi.org/10.4251/wjgo.v11.i7.538
https://doi.org/10.1016/j.clcc.2020.12.005
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1016/s1470-2045(20)30555-6
https://doi.org/10.1186/s13014-020-01540-4
https://doi.org/10.3389/fsurg.2022.1004064
https://doi.org/10.1016/s1470-2045(15)00159-x
https://doi.org/10.1200/jco.2009.25.8376
https://doi.org/10.1200/jco.1996.14.9.2590
https://doi.org/10.1200/jco.1996.14.9.2590
https://doi.org/10.1002/jso.26673
https://doi.org/10.1186/s12957-019-1685-6
https://doi.org/10.1186/s12957-019-1685-6
https://doi.org/10.1097/sla.0000000000004558
https://doi.org/10.7150/jca.61642
https://doi.org/10.1007/s00384-022-04096-9
https://doi.org/10.3389/fonc.2023.1201544
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Regional transarterial chemoembolization combined with chemoradiotherapy for locally advanced rectal cancer: a retrospective study of a new combination
	Introduction
	Materials and methods
	Study design
	Treatment regimen
	Evaluation
	Statistical analysis

	Results
	Patients’ demographic characteristics
	Treatment-related toxicities and complications
	Distant metastasis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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 /sRGB
  /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 false
  /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 false
  /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 false
  /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


