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Yuting Yao3, Yuan Zhou3, Hao Wang1, Liqiang Hao1, Enda Yu1,
Zheng Lou1, Yongjing Zhang2, Hong Qiu2, Ronggui Meng1

and Wei Zhang1*

1Department of Colorectal Surgery, Changhai Hospital, Shanghai, China, 2Global Epidemiology,
Office of Chief Medical Officer, Johnson & Johnson, Shanghai, China, 3Department of Professional
Education, Johnson & Johnson Medical (Shanghai) LTD, Shanghai, China
Background: Over the last 2 decades, patients with low rectal cancer have had

better outcomes from improvements in surgical techniques in sphincter

preservation. We aimed to quantify the trends in sphincter-preserving

surgeries for low rectal cancer over 20 years in a top tertiary hospital in China.

Methods: Between 1999 and 2021, a cohort of patients with primarymalignant rectal

tumor ≤5cm from the anal verge and who received elective surgeries at Changhai

Hospital, Shanghai, China, was identified. Datawere extracted fromelectronicmedical

records. A Joinpoint Regression Model was used to analyze trends in surgical

procedures by average annual percentage change (AAPC). Adjusted Cox

proportional hazards regression model was used to assess overall survival.

Results: Among a total of 4,172 patients during the study period, 3,111 (74.6%)

underwent a sphincter-preserving surgery and 1,061 (25.4%) received APR.

Sphincter-preserving surgery increased 3.6% per year (95%CI, 2.3-4.9). Low

anterior resection was the most performed procedure (86.3%) and maintained

a steady trend, while intersphincteric resection increased 49.4% annually (95%CI,

19.5-86.7) after initiation. Laparoscopic techniques increased 15.1% per year (95%

CI, 8.4-43.4) after initiation. Sphincter-preserving surgery increased annually for

tumors ≤2cm, 2-≤3cm and 3-≤4cm from the anal verge (AAPC 7.1, 4.5-9.8; 4.7,

3.1-6.3; 2.7, 1.7-3.6, respectively). Furthermore, patients with sphincter-

preserving surgery had a better overall survival than abdominoperineal

resection (APR) patients (adjusted HR 0.78, 95% CI, 0.65-0.93, p=.01).
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Conclusions: Utilization of sphincter-preserving surgeries increased significantly

over the last 20 years. Patients with low rectal cancer who underwent sphincter

preservation had better survival than similar patients who underwent APR.
KEYWORDS

sphincter preservation, low rectal cancer, abdominoperineal resection, trends in
surgery, low anterior resection, rectal cancer survival
Introduction

China is undergoing an increasing burden of rectal cancer

(1). Data from Chinese National Central Cancer Registry

reported a 2% annual increase in the age-standardized

incidence of rectal cancer in rural areas from 2005 to 2015 (2,

3). GLOBOCAN estimated that new cases and deaths from rectal

cancer in China from 2020 to 2040 would increase 55.4% and

81.0%, respectively (4).

Low rectal cancer is generally considered as ≤5cm from the

lower edge of the tumor to the anal verge (5, 6). Surgery is one of

the major curative treatments available (7). However, there is an

absence of standardization of surgical procedures and approach

in the low rectum, partly because of a difficulty in maneuvering

in the narrow space in the rectum as well as the rapid

development of surgical techniques (8).

Patients with low rectal cancer have traditionally been

treated surgically with an abdominoperineal resection (APR)

(9) Over the last 2 decades, patients with low rectal cancer have

had better function and quality of life (10) from improvements

in surgical techniques in sphincter preservation, such as anterior

resection (AR) by Dixon in 1948 (11), and intersphincter

resection (ISR) by Schiessel et al. in 1994 (12). However,

sphincter-preserving surgery is more challenging to operate

than APR due to the anatomic features of the deep and

narrow pelvic cavity, and thus is highly dependent on the

experience of the surgeon (13). Moreover, some patients with

ultra-low tumors ≤2cm from the anal verge will still require an

APR due to the closeness of the tumor to the anal verge (7).

The laparoscopic technique has evolved rapidly since it was

first introduced in the 1980s in colorectal surgery (14). It has

been widely accepted in the surgical community for colorectal

surgery, with advantages in perioperative morbidity and

mortality (14, 15). However, laparoscopic surgery is technically

demanding due to restricted movement of the rigid instruments

in a narrow deep pelvic cavity and may lead to a longer operation

time compared to open surgery for low rectal cancer (16).

Although previous studies have investigated the short and long-

term oncological outcomes of novel surgeries (17–25), the studies

for trends in sphincter-preserving surgeries usage for low rectal

cancer are still lacking. An analysis of trends in sphincter-preserving
02
surgeries will provide real-world evidence for the applications of

surgical techniques that may benefit patients’ outcomes and life.

Therefore, we conducted a study summarizing past practices in low

rectal surgery over 20 years at one top tertiary hospital in China.

The objective of our study was to quantify the trends in procedures

and approaches of sphincter-preserving surgeries for low rectal

cancer. Furthermore, we evaluated overall survival for patients who

had undergone sphincter-preserving surgery compared with APR.
Methods

Study population

An initial cohort of rectal cancer patients was identified at

Changhai Hospital between November 1999 and October 2021.

Patients eligible for study were diagnosed with an invasive and

resectable first primary rectal cancer and underwent an elective

surgery at the hospital. A resectable tumor was evaluated by the

surgeons and multi-disciplinary team that the tumor could be

resected by the curative-intent surgery. Patients were excluded

from the study if they had a tumor distance >5cm from the lower

edge of the tumor to the anal verge, were younger than 18 years,

or were diagnosed with multiple tumors. Patients with unknown

surgical procedures were also excluded (Supplemental Figure 1).
Data sources

This is a non-randomized, non-interventional study of

electronic medical record (EMR) from the Department of

Colorectal Surgery, Changhai Hospital at Shanghai. Study data

were from the EMR database initiated in the department in

November 1999, which included colorectal cancer patients who

had undergone elective surgeries consecutively at the

Department and signed the consent forms. Each patient was

assigned a unique code for a standardized treatment care and

follow-up. The elective surgery was performed according to

yearly guidelines of National Comprehensive Cancer Network

(NCCN) and Chinese Society and Clinical Oncology (CSCO).

The database included details on demographic and
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clinicopathological characteristics; surgery related information

including the date of surgery, procedure, laparoscopic or open

surgery; and follow-up information for the date of follow-up,

vital status and the date of death, if applicable. Follow-up data

were collected from outpatient EMR records at the hospital; if

the records were not available, a phone call interview was

conducted to follow up with the patient or relatives if the

patient had died. Three attempts to contact non-responders by

phone were made. Patients were followed up at 3-month

intervals for 2 years, then at 6-month intervals for the next 3

years, and once annually thereafter. Patients were deemed “non-

follow-up” if they did not have any follow-up information.

Characteristics for the non-follow-up group and follow-up

group were assessed. Among patients who had at least one

follow-up information, patients were deemed “lost to follow-up”

if they could not be contacted through both outpatient EMR and

phone call interviews on the dates of follow-up. The reasons of

loss-to-follow-up by phone call were recorded, such as follow-up

refusal, wrong number or non-existing number, etc.

All the data for the study were de-identified. The study was

approved by the Institutional Review Board at the hospital (IRB

number: CHEC2022-021).
Study outcomes

The main outcomes were the trends in sphincter-preserving

surgical procedures and approach for patients with low rectal

cancer. Trends were expressed by the average annual percentage

change (AAPC), which was a weighted summary measure taking

into account the trend transitions (joinpoints) to describe the AAPC

over a period of multiple years (26). For more than one joinpoint or

two segments, the annual percentage change (APC) was described

for each segment. When describing the trends with APCs or

AAPCs, “increase” or “decrease” were used if slope of the trend

was statistically significant (p<0.05); otherwise, “stable” or “non-

significant increase” or “non-significant decrease” were used.

Overall survival was evaluated for patients who were not

deemed as non-follow-up, as defined above. Those with follow-

up and non-follow-up were evaluated for baseline characteristics

to assess the presence of selection bias. Overall survival was

defined as the period between the date of surgery and death of

any cause or last follow-up, whichever came first. Patients were

censored at the time of their last follow-up if they were alive or

lost-to-follow-up.
Statistical analysis

The demographic and clinicopathological categorical

characteristics of patients who had undergone sphincter-preserving

surgery and APR were described by frequencies and percentages.

Categorical variables were compared with the chi-square or Fisher’s
Frontiers in Oncology 03
exact test, and continuous variables will be compared with the

analysis of variance (ANOVA) test, between the two groups.

Missing data were described by reporting the proportion of missing

data for that variable and the missing values were not imputed.

The National Cancer Institute’s Joinpoint Regression

Analysis Program (version 4.9.0.0) (26) was used to calculate

the APCs and AAPCs and corresponding 95% confidence

intervals (CIs) to quantify the trends in direction and

magnitude in surgical procedures and approach, for patients

with low rectal cancer during the whole study period between

2000 and 2021, and the last five years between 2016 and 2021.

A Kaplan-Meier curve and adjusted Cox proportional hazards

regressionmodel were used to assess the overall survival for patients

with sphincter-preserving surgery compared with APR during the

whole study period in 2000-2021, as well as three fixed intervals in

2000-2008, 2009-2015, and 2016-2021, respectively. The model was

adjusted for potential confounders, which were assessed a priori

based on the three confounder properties (27, 28), and included

demographic (year of surgery groups for 2000-2021, age groups,

gender, tumor location groups, tumor size) and clinical,

pathological and treatment variables (baseline comorbidities,

neoadjuvant therapy, pathological stage, histology, grading). The

reference group for each confounder was listed as follows, year of

surgery: 2000-2008, age: 46-65 years, gender: male, tumor location:

4-≤5cm, baseline comorbidities: no; neoadjuvant therapy: no;

pathological stage: stage 0 and stage I; histology: common

adenocarcinoma; grading: G1 well differentiation. Tumor location

was measured through digital rectal examination, colonoscopy or

rigid sigmoidoscope/proctoscopy in clinical examination before

surgery. The proportional hazards assumption was assessed using

the Schoenfeld and scaled Schoenfeld residuals. The proportionality

was satisfied if p>0.05 (29).
Subgroup and sensitivity analysis

Subgroup analysis of trend was performed for age-specific

(18-45, 46-65, and 66-97) and sex-specific (male and female)

groups. Sensitivity analysis of survival was performed for

patients followed-up in one year, three years and five years, to

evaluate the consistency of the survival results.

All statistical analyses were conducted using RStudio (2020)

(30). All P values were 2-sided, and point estimates were

presented with 95% CIs. The significance level was set at P ≤

0.05 for all analyses.
Results

Patient characteristics

In our cohort, a total of 4,172 patients had low rectal tumor and

received elective surgeries at the study site during the study period
frontiersin.org
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(Supplemental Figure 1). The characteristics between those follow-

up and non-follow-up patients were comparable (Supplemental

Table 1). “Non-follow-up” patients were not included in the

survival analysis. The mean (SD) age of patients at surgery was

59.1 (12.0) years; more than a half of patients (54.3%) were 45-65

years old. Most of the patients were males (61.9%) (Table 1). When

categorized by sphincter-preserving surgery and APR, ultra-low

tumors (≤2cm) accounted for 8.4% of sphincter-preserving surgery

and 43.2% of APR (p<.0001). A pathological advanced stage (II and

III) was accounted for 56.4% of sphincter-preserving surgery and

61.7% of APR (p=0.014). Moreover, APR group was more likely to

have poorly differentiated grading compared to sphincter-

preserving group (p=0.0004). Neoadjuvant therapy was employed

among 20.2% of APR group, higher than 17.0% of sphincter-

preserving surgery group (p<.0001).

For surgical characteristics, a total of 3,111 (74.6%) patients

with low rectal cancer underwent a sphincter-preserving surgery

and the remaining 1,061 (25.4%) received APR (Table 1). The

sphincter-preserving surgery was more likely to be performed in

recent years 2016-2021 compared to APR (53.0% vs. 26.8%,

p<.0001). Low anterior resection (LAR) was the most performed

procedure of sphincter-preserving surgeries which accounted for

85.6%, while Intersphincter resection/Conformed sphincter-

preserving operation (ISR/CSPO) was accounted for

5.7%.Approximately 16.6% of all patients underwent a

laparoscopic surgery after the year of 2009, accounting for

17.8% of patients in the sphincter-preserving group and 13.2%

in the APR group (p<.0001). The laparoscopic technique kept

evolving and the proportion increased to 40%-50% patients in

the last two years. Furthermore, APR group had a longer total

hospitalization and post-operative hospitalization stay

compared to sphincter-preserving group (p<.0001).
Overall trend for sphincter-preserving
surgery

Based on the Joinpoint regression model, the overall trend in

proportion of sphincter-preserving surgery increased 3.6% per

year (95%CI, 2.3-4.9) from 45.6% in 2000 to 85.9% in 2021 with

a joinpoint of 66.0% in 2004 (Table 2; Figure 1A). The trends

before and after 2004 were both increasing with an APC of 9.6

and 2.2, respectively (95% CI 2.7-16.9 for 2000-2004; 95% CI

1.5-3.0 for 2004-2021). The proportion of APR decreased 6.4%

annually (95% CI, -7.7–5.0) from 54.4% in 2000 to 14.1% in

2021. When restricting to 2016-2021, the trends in sphincter-

preserving and APR were at a stable increase or decrease.

For the surgical procedure, LAR was the most performed

sphincter-preserving procedure and maintained a steady trend

over the last 20 years. However, ISR/CSPO increased 49.4%

annually from initiation of 0.5% in 2013 to 11.8% in 2021 (95%

CI, 19.5-86.7), as well as increasing 32.4% annually (95%CI, 3.7-

69.0) in 2016-2021 (Table 2; Figure 1B).
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For the surgical approach, laparoscopic technique was first

employed in 2009 and had a 15.1% annual increase in trend

(95% CI, 8.4-43.4) to the absolute magnitude of 39.1% in 2021

(Table 2; Figure 1C). There were two joinpoints in 2011 and

2014, with a non-significant decrease and increase during 2009-

2011 and 2011-2014 respectively, and a significant increase

thereafter in 2014-2021 (APC 15.1, 95% CI, 1.4-30.7). When

restricting to 2016-2021, laparoscopic surgery had a 33.1%

annual increase (95%CI, 15.8-52.9). Correspondingly, the

overall trend in the proportion of open surgery had a 3.3%

annual decrease (95% CI, -4.8–1.7) over 20 years with a

joinpoint in 2017. There was a non-significant decrease in

2000-2017 but a 14.3% annual decrease in 2017-2021.

Moreover, the trend in sphincter preservation for ultra-low

and lower tumors (≤2cm, 2-≤3cm and 3-≤4cm) increased

significantly annually and increased non-significantly for

tumors at 4-≤5cm during 2000-2021 (AAPC, 95% CI: 7.1, 4.5-

9.8; 4.7, 3.1-6.3; 2.7, 1.7-3.6; 2.3, -0.9-3.8, respectively) (Table 2;

Figure 1D). However, there was an increasing trend in sphincter-

preserving for tumors 4-≤5cm before 2004 (APC 12.5, 2.1-24.0).

In 2016-2021, the trends in sphincter-preservation for different

tumor locations were stable.

Neoadjuvant chemoradiotherapy was employed for

minimizing the risk of locoregional recurrences but also for

downsizing of the tumors near the anal sphincters to allow

sphincter-preserving resection. In the last 20-years, the

proportion of neoadjuvant therapy increased significantly

among both sphincter-preserving and APR groups, with an

annual increase of 9.7% and 10.1% respectively (Figure 1E).

The subgroup analysis on age-specific trends in sphincter-

preserving surgeries increased 3.1% annually for patients aged

46-65 and 66-97 years but increased non-significantly for ages

18-45 years. The gender-specific trends in sphincter-preserving

increased 4.6% annually for males but were stable for females

over the 20 years (Supplemental Table 2).
Overall survival

A total of 2,930 patients were included in the survival

analysis. Patients had an average follow-up period of 35.0

months, with 32.6 months for the sphincter-preserving group

and 44.6 months for the APR group. The sensitivity analyses for

patients followed up for one, three and five years demonstrated

consistent results with patients overall (Supplemental Table 3).

The overall survival probability was 89.8% in the sphincter-

preserving group and 74.7% in the APR group.

The Kaplan-Meier curve showed that sphincter-preserving

surgery was associated with better overall survival compared

with APR (HR, 0.75; 95% CI, 0.63-0.90; log-rank P <0.05)

(Figure 2). Moreover, our multivariable analysis based on the

Cox regression model demonstrated similar findings, with

significantly better survival for patients who had undergone
frontiersin.org

https://doi.org/10.3389/fonc.2022.996866
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zheng et al. 10.3389/fonc.2022.996866
TABLE 1 Characteristics of patients with low rectal cancer, stratifying by sphincter-preserving surgery and APR.

Characteristics Overall Sphincter-preserving surgery APR P value5

(N=4,172) (N=3,111, 74.6%) (N=1,061, 25.4%)

Year of surgery <.0001

2000-2008 837 (20.1) 477 (15.3) 360 (33.9)

2009-2015 1,403 (33.6) 986 (31.7) 417 (39.3)

2016-2021 1,932 (46.3) 1,648 (53.0) 284 (26.8)

Age, years, mean (SD) 59.1 (12.0) 59.2 (12.0) 59.0 (12.0) 0.85

Age group, years 0.97

18-45 584 (14.0) 438 (14.1) 146 (13.8)

46-65 2264 (54.3) 1687 (54.2) 577 (54.4)

66-97 1324 (31.7) 986 (31.7) 338 (31.9)

Gender 0.47

Female 1589 (38.1) 1175 (37.8) 414 (39.0)

Male 2583 (61.9) 1936 (62.2) 647 (61.0)

Baseline comorbidities 2110 (50.6) 1600 (51.4) 510 (48.1) 0.058

Neoadjuvant therapy 742 (17.8) 528 (17.0) 214 (20.2) 0.018

Tumor location, cm, median (IQR) 1 4.0 (3.0-5.0) 4.0 (3.0-5.0) 3.0 (2.0-3.5) <.0001

Tumor location group, cm <.0001

≤2cm 731 (17.5) 270 (8.7) 459 (43.3)

2-≤3cm 1033 (24.8) 701 (22.5) 332 (31.3)

3-≤4cm 1155 (27.7) 968 (31.1) 187 (17.6)

4-≤5cm 1253 (30.0) 1172 (37.7) 81 (7.6)

Tumor size, cm, median (IQR) 3.5 (2.5-4.5) 3.5 (2.5-5.0) 3.5 (3.0-4.5) 0.97

Surgery approach <.0001

Open 3282 (78.7) 2361 (75.9) 921 (86.8)

Laparoscopy 693 (16.6) 553 (17.8) 140 (13.2)

Other 2 197 (4.7) 197 (6.3) 0 (0)

Pathological stage 0.014

Stage 0 89 (2.1) 75 (2.4) 14 (1.3)

Stage I 1205 (28.9) 926 (29.8) 279 (26.3)

Stage II 1026 (24.6) 741 (23.8) 285 (26.9)

Stage III 1383 (33.1) 1,014 (32.6) 369 (34.8)

Stage IV 330 (7.8) 238 (7.6) 92 (8.7)

Missing 139 (3.3) 117 (3.8) 22 (2.1)

Tumor histology 0.16

Common type of adenocarcinoma 3297 (81.0) 2475 (81.8) 822 (78.5)

Special type of adenocarcinoma 200 (10.9) 159 (10.2) 41 (15.2)

Other 3 126 (6.9) 110 (7.0) 16 (5.9)

Missing 4 (0.1) 4 (0.1) 0 (0)

Histological grading 4 0.0004

Grade 1 72 (1.7) 50 (1.6) 22 (2.1)

Grade 2 3217 (76.9) 2444 (78.3) 773 (72.7)

Grade 3 404 (9.7) 272 (8.7) 132 (12.4)

Grade 4 4 (0.1) 3 (0.1) 1 (0.1)

Missing 486 (11.6) 351 (11.3) 135 (12.7)

Total hospitalization days, median (IQR) 13 (10-19) 12 (9-16) 18 (13-24) <.0001

Post-operative hospitalization days, median (IQR) 9 (6-12) 8 (6-10) 13 (9-17) <.0001
Frontiers in Oncology
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APR, abdominoperineal resection.
1Tumor location was measured through colonoscopy or rigid sigmoidoscope/proctoscopy in clinical examination before surgery.
2Trans-anal resections.
3Included non-epithelial tumors (myogenic tumors, neurogenic tumors, GIST (gastrointestinal stromal tumors), lipomas and lipomatosis, tumor blood vessels, and other tumors).
4Grade 1 - well differentiated; Grade 2 - moderately differentiated; Grade 3 - Poorly Differentiated; Grade 4 – Undifferentiated.
5P values were calculated from Chi-square test or Fisher’s exact test for categorical variables and ANOVA test for continuous variables. Missing group was not incorporated into the test.
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sphincter-preserving surgery compared with APR (adjusted HR

0.78, 95% CI, 0.65-0.93, p=0.01) (Table 3). When stratifying for

intervals in 2000-2008, 2009-2015, and 2016-2021, the results

showed a better direction of overall survival for sphincter-

preserving group than APR, although it did not reach

statistical significance (Table 3).
Discussion

Our study is the first to report the trends in sphincter-

preserving surgeries in Chinese patients with low rectal cancer.

Approximately 75% of patients with low rectal cancer

underwent a sphincter-preserving surgery; and the overall

trend in sphincter-preserving surgery increased 3.6% per year

over the last 20 years. Utilization of ISR/CSPO and laparoscopic

surgery had the fastest annual increase since the application of

the techniques at the hospital (49.4% and 15.1% annually,

respectively) and in the past five years (32.4% and 33.1%

annually, respectively). The probability of a sphincter

preservation increased annually for ultra-low and lower

tumors adjacent to the sphincter complex over the last 20

years. Moreover, patients with low rectal cancer who
Frontiers in Oncology 06
underwent sphincter preservation had better survival than

those who underwent APR.

The overall proportion of sphincter-preserving surgeries for

patients with low rectal cancer was 75%, ranging from 50% to

88% over the last 20 years in China. The sphincter-preserving

proportion varies between countries and time periods (25). A

national-wide study in England reported an overall proportion

of sphincter-preserving surgery, presented as anterior resection

procedure, was 75% for rectal cancer patients, ranging from

71.6% to 78.8% for the years 1996 to 2004 (31). However, the

study was for rectal cancer and the sphincter-preserving

proportion would be lower than 75% if the population was

restricted to low rectal tumors. From a review of 2010-2015

National Cancer Database (NCDB) in the US, the sphincter-

preserving proportion was 79% for rectal cancer (32) and

researchers estimated that the rate was <60% for low rectal

cancers (25). Although it was challenging to make an objective

explanation for a varied sphincter-preserving proportions

among countries, the high-volume and specialization might

favor a higher rate for sphincter preservation (25).

Our study demonstrated that ISR/CSPO had the most rapid

increase per year after initiation in 2013, while LAR was the most

performed sphincter-preserving procedure with a steady trend
TABLE 2 Trends in surgical techniques for low rectal cancer between 2000-2021 and 2016-2021.

2000-2021 2016-2021

Outcomes Periods APC (95% CI) (%) AAPC (95% CI) (%) AAPC (95% CI) (%)

Trend in proportions of surgical procedure

Sphincter-preserving surgery 2000-2004 9.6* (2.7-16.9) 3.6* (2.3-4.9) -0.7 (-4.1-2.8)

2004-2021 2.2* (1.5-3.0)

LAR 0.1 (-0.4-0.7) -1.7 (-5.5-2.1)

ISR/CSPO 49.4* (19.5-86.7) 1 32.4* (3.7-69.0)

Hartmann -9.3* (-13.8–4.5) -4.8 (-81.1-41.1)

Transanal local excision -1.5* (-9.1-6.6) 29.1* (12.2-48.4)

APR -6.4* (-7.7–5.0) 2.8 (-12.6-21.1)

Trend in proportions of surgical approach

Laparoscopic surgery2 2009-2011 -53.0 (-81.8-21.2) 15.1* (8.4-43.4) 2 33.1* (15.8-52.9)

2011-2014 105.6 (-20.3-430.2)

2014-2021 15.1* (1.4-30.7)

Open surgery 2000-2017 -0.6 (-1.5-0.3) -3.3* (-4.8–1.7) -12.4* (-17.6–6.8)

2017-2021 -14.3* (-21.4–6.6)

Trend in percentages of sphincter-preserving surgery

≤2cm 7.1* (4.5-9.8) 0.1 (-17.0-20.8)

2-≤3cm 4.7* (3.1-6.3) -3.9 (-12.7-5.9)

3-≤4cm 2.7* (1.7-3.6) 0.04 (-4.2-4.5)

4-≤5cm 2000-2004 12.5* (2.1-24.0) 2.3 (-0.9-3.8) 0.09 (-1.1-1.3)

2004-2021 0.6 (-0.1-1.3)
APC, annual percentage change; AAPC, average annual percentage change; 95% CI, 95% confidence interval; * The APC/AAPC was significantly different from zero (p < 0.05).
The Joinpoint regression model was used to calculate the AAPC. If there were more than 1 joinpoint (2 line segments), APC was also calculated for each segment. 1. ISR/CSPO was
initiated in 2013, therefore the overall trend period was 2013-2021 for ISR/CSPO. 2. Laparoscopic surgery was initiated in 2009, therefore the overall trend period was 2009-2021 for
laparoscopic surgery.
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over the last 20 years. AR was the first effective sphincter-

preserving surgery developed by Dixon in 1948 (11), and was

also the most performed sphincter-preserving procedure across

different countries, with a performance rate of 60%-80% of all

sphincter-preserving surgeries (31–34). Intersphincteric

resection (ISR) was introduced by Schiessel et al. in 1994 (12),

and was rapidly expanded to European and Asian countries in

the 2000s (35, 36). However, ISR could not avoid the functional

impairment of anal sphincter. At Changhai Hospital, ISR was

modified by Zhang et al. in the 2010s to CSPO for functional

keeping through preserving more dentate line and distal rectal

wall (6, 37). Among 177 patients with ISR/CSPO, 160 (90.4%)

patients underwent CSPO and 17 (9.6%) did ISR. Although the
Frontiers in Oncology 07
overall proportion of ISR/CSPO (5.6%) among sphincter-

preserving surgeries observed in our study was lower than

other centers (10-20%) (38), ISR/CSPO was a promising

surgery regarding its acceptable oncological and functional

outcomes in sphincter-preserving surgery (37).

We further observed that sphincter preservation increased

annually for patients with ultra-low and very low tumors,

probably driven by the development of surgical techniques and

surgeons’ experience (39), along with the advance of neoadjuvant

therapy (40, 41). In the present cohort, 720 patients who had

ultra-low tumors ≤2cm from the anal verge would have required

APR if treated traditionally. However, approximately one-third of

those patients underwent a sphincter-preserving surgery at the
A B

D

E

C

FIGURE 1

(A-E) Joinpoint regression models for overall trend in proportion of sphincter-preserving surgery (A), sphincter-preserving procedures (B),
sphincter-preserving approach (C), sphincter preservation for tumor location (D), neoadjuvant therapy (E).
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hospital. The decision between a sphincter-preserving surgery and

APR was more likely dependent on the infiltration of the external

anal sphincter, than the conventional tumor distance from the

anal verge (5). Patients with ultra-low rectal tumors but not

invading the external sphincter would still have the opportunity

for a sphincter-preserving surgery.

In our study, laparoscopic approach increased rapidly in the

last five years and gradually became the predominant surgical

technique. Laparoscopy was introduced in the 1980s for colorectal

surgery and has been broadly accepted since 2000s (42). It is safe

and feasible regarding recovery, physiological function, and short-

term oncologic outcomes compared to open surgery (14, 15). The

NCDB in the US during 2010-2015 reported about 40% of rectal

cancer surgeries were laparoscopic (32). At Changhai Hospital,

laparoscopic technique was first performed in 2009 for a

sphincter-preserving surgery; almost half of the surgeries were

laparoscopic in the last two years. However, the laparoscopic

approach was still challenging for rectal cancers due to the straight

rigid instruments and a narrow deep pelvic cavity, which were

largely dependent on the experience of surgeons (39).

We observed that patients who had undergone sphincter-

preserving surgery had a lower risk of death compared to APR,

consistent with previous studies in US (33), France (25) and

Korea (36). The French GRECCAR study reported a 10-year

overall survival for sphincter-preserving surgery of 72.2%, higher

than the APR surgery of 54.7% among ultra-low rectal tumors

(25). A propensity score-matched SEER analysis also reported

better 5-year overall survival for a sphincter-preserving surgery

of 76.7% compared to APR of 65.6% (33). APR was revealed to
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be associated with a higher rate of perforation, local recurrence

and positive margins than a sphincter-preserving surgery (23,

43). Although the extralevator APR had been developed to avoid

wasting of the specimen and tumor perforation; tumor

perforation might still happen at the anterior wall of rectum.

Moreover, in our study, we observed a decreasing proportion of

APR in the last 20 years, and the overall survival among low

rectal cancer patients developed over time.
Strengths and limitations

Our study is the first to quantify the trend of sphincter-

preserving surgery in Chinese patients with low rectal cancer. The

data covered a time period of more than 20 years and a sample

size of over 4,000 patients with low rectal cancer, compared with

other real-world studies with fewer than 250 patients (15, 44). The

long-term time frame and a large sample size provided a

fundamental source for trend analysis and estimation of survival

status. Moreover, our data were mainly from EMRs, which

provided detailed information on both inpatient and outpatient

health care based on clinicians’ routine practice.

This study had several limitations. First, our data came from a

single center for investigation. The patients included in our study

might not be representative of all patients with low rectal cancer in

China; and surgical development had a large variation for different

hospitals in China. Additionally, follow-up information from the

outpatient records at Changhai Hospital was missing for some

patients. Patients who were not residents of Shanghai might have
FIGURE 2

Kaplan-Meier curve for patients with sphincter-preserving surgery compared with APR. APR, Abdominoperineal resection.
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been followed up at their local hospitals. Follow-up through phone

interviews might have recall bias. However, the characteristics of

patients followed-up and non-follow-up were comparable

(Supplemental Table 1), and sensitivity analyses for multiple

follow-up intervals had consistent results. Furthermore, the

joinpoint method was a bivariate trend method which did not

adjust for potential changes in patient characteristics over time.

Therefore, the observed trends might be partially reflective of such

concurrent changes over time, if any were present.
Conclusions

Utilization of sphincter-preserving surgeries for low rectal

cancer increased significantly over the last 20 years in a real-

world setting in China. The overall trend in sphincter-preserving

surgery for low-lying tumors increased 3.6% per year from 1999-

2021. Utilization of ISR/CSPO and laparoscopic surgery had the

fastest annual increase since the application of the techniques at

the hospital. Patients with low lying rectal cancer who

underwent sphincter preservation had better survival than

APR. Future multi-center studies from various geographic

areas in China are needed for trend analysis. With improved

survival for low rectal cancer, evidence regarding patients’

quality of life benefited from the novel surgical technique

along with the multidisciplinary treatment is also needed and

may contribute to a better understanding of sphincter function

and intestinal continuity after sphincter preservation.
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TABLE 3 Hazard ratios (HRs) for overall mortality among patients
undergone sphincter-preserving surgery compared with APR by year
periods.

Sphincter-preserving surgery (vs. APR) HR a (95% CI) P

Overall

2000-2021 0.78 (0.65-0.93) 0.01

Year at surgery

2000-2008 0.76 (0.55-1.06) 0.42

2009-2015 0.81 (0.57-1.17) 0.26

2016-2021 0.75 (0.52-1.07) 0.11
APR, Abdominoperineal resection.
aModels were adjusted for demographic, clinical, pathological and treatment
characteristics listed in Table 1, including year of surgery groups (for 2000-2021), age
groups, gender, tumor location groups, tumor size, baseline comorbidities, neoadjuvant
therapy, pathological stage, histology, grading.
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